dx.doi.org/10.22093/ww;j.2017.43597.2068

YA

Prediction of Temporal Changes of

Head Loss 1in Sand Filter

N. Daneshil, R. Fattahi Nafchi?, H. Banejad3

1. Former Graduate Student, Department of Water Engineering, Bu-Ali Sina University, Hamadan, Iran,
and PhD Student, College of Agriculture, University of Shahrekord, Shahrekord, Iran
(Corresponding Author) daneshi 7883@yahoo.com
2. Assoc. Prof,, College of Agriculture, University of Shahrekord, Shahrekord, Iran
3. Assoc. Prof,, College of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran

(Received Apr. 17,2017  Accepted Jan. 3, 2018)

To cite this article :
Daneshi, N., Fattahi Nafchi, R., Banejad, H., 2018, “Prediction of temporal changes of head loss in sand filter.”
Journal of Water and Wastewater, 29(3), 78- 87 Doi: 10.22093/ww;j.2017.43597.2068 (In Persian)

Abstract
Granular media including rapid gravity sand filters are used in water and wastewater

treatments. When sand filters are clogged due to deposits of particles and particul-bound
pollutants, it will lead to head loss and under this situation it is necessary to perform
filter backwashing. Prediction of sand filter head loss is the major focus of this study.
To meet the primary ojective of this study, a single-layer rapid gravity filter with sandy
media was tested with inflow water containing different concentrations of lead (Pb).
The amount of deposited sediments and the resulting head loss were simulated in the
filter media by combination of Karman-Cozeny, Rose and Gregory equations under
different discharges. The maximum time to reach the various amounts of head loss was
obtained when the inflow lead concentration was lowest (25 ppm) and the surface filter
leading was the highest (6.22 m’/m?/hr). The highest lead removal efficiency (92%) was
obtained when the input lead concentration was 25 ppm and filter surface loading was
3.11m*/m?/hr. Comparing the specific head loss under different operating condition it
has been shown that the time difference is less under lower head losses of 5 and 7
centimeters. In addition, the slopes of filtration discharge under similar operating
condition showed to be steeper verifying a higher filtration performance when the
concentration of input lead and filter surface loading was lower.
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Fig. 1. Actual image of the filtration system employed
in this study
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Table 1. The values of effective porosity, Newton Drag coefficient, Primary gradient pressure, apparent velocity
of fluid, Reynolds number, and Head loss under different fluxes

Q (lit/min) V(m/s) h (cm) L R, Cp f
1.5 0.000865 22 0.15 0.51 51.03 0.47
2 0.00115 259 0.18 0.68 38.95 0.49
2.5 0.00144 28.9 0.20 0.85 31.52 0.50
2.9 0.00167 31.4 0.22 0.99 27.44 0.51

-J—OT Cewddo CO )‘J_an sC():C]-Cz Lb\) )‘ sl l_‘ U
wﬂw;(&z)@ﬂwﬂﬁqﬁgﬁdanm

36 Gl (gl 5t ool v (53355 B S e

—e—Q= 1.5 (lit/min) —8— Q=2 (lit/min)

0.53 - —A— Q= 2.5 (lit/min) —o— Q=3 (lit/min)
0.52 w b
0.51
y=-0.0003x +0.5154

0.5 -
0.49 - w+ .
0.48 -
0.47 - w i
0.46 T T T T !

20 30 40 50 60 70
Head Loss (cm)

Fig. 3. Relationship between head loss and effective
porosity

&}?A‘ﬁlﬁ):;yﬂzjx)mj)mw‘w;@b—vdxz

Journal of Water and Wastewater

dox M .l sud osls plas V Jgus ﬁ;il::"u(_;l.md: s slas
owﬁ‘@\&j\ww\y@\.&ﬁjﬂﬁJ.s.x.c‘xf:).ﬁso
b S e s (‘j ok 5ol 8 suies

Qw‘%ﬁ))}j.&ﬁﬁﬁﬁ)&&%h.x_n‘i@)@ PR P
5@5)\&_&1;‘5:»ﬁ‘)u.»33 (a.x.ﬁ upJA)JL:J ol qu.’;n]‘:‘b\:uj
Hlade S s 45:5.2@ s .l s asls plis ¥ JS..Z):
23 S Jdss ol s il Ll el slet
Lo Shaal hate G 5o prizpen 35300 2e 05l 28
O gameel ild 55 350 Jads (e o lis Cdl Lialie il 58]
sl Cplin o), 0s laassl U aos ol vl adl zalS
S555S Jae 53 Cp amuls sl (Cakmakei et al., 2008)
S st ol b e G el e ¢ 3
sl 0t 03ls me Ji.::

Vol. 29, No. 3, 2018

Q

VWAY Jlo ¥ o)led Y4 550



dx.doi.org/10.22093/ww;j.2017.43597.2068

Hlaj ol oy
AY

1400 - 3
—&— Concentration = 25 (mg/L)
1200 - —&— Concentration =75 (mg/L)
—— Concentration = 125 (mg/L)
1000 -
—@— Concentration = 175 (mg/L)
~
800 - .
E y=57.268x - 5.5851
o y=52.307x-5.132
,E 600 y=51.76x - 4.9866
= = 51.348x - 3.6995
400 Y *
200
0 T T T T )
0 5 10 15 20 25

Head Loss (cm)

Fig. 5. Relationship between filtration time and head
loss under different Pb concentration for Q=1.51/s

MU}‘J—:J\/O@JJJJL”&_J‘}Q\AJ}‘)L&U&&\J_OJ&t:l

2500 —o—Concentration =25 (mg/L)
y=113.33x-10.292
—&— Concentration =75 (mg/L) o S26x 83982
2000 - —4— Concentration = 125 (mg/L) e
—o—Concentration =175 (07
- ¥ =84.951x- 7.675
g 1500 -
-
E 72.752x - 6.5578
¥ =72.752x - 6.
= 1000 - '
=
500
0 T T T T )
0 5 10 15 20 25

Head Loss (cm)

Fig. 6. Relationship between time and head loss
under different Pb concentration for Q=2 1/s

MUJ.»J‘J..]YL;»JJJJLMs_J‘joLoJ,'JLaAU.u«LJ\J—?J&Jf

3500 -

. y=146.2x- 12.776

3000 - —&— Concentration =25 (mg/L)

—&— Concentration =75 | (mg/L)

2500 - —a— Concentration = 125 (mg/L) Yo Ig e
= 1 —o— Concentration = 175 mg/L) —93.012x-8.1273
é 2000 ¥
)
£ 1500 ¥ =85.171x-7.4613
=

1000 -

500 -
0 T T T T |
0 5 10 15 20 25

Head Loss (cm)

Fig. 7. Relationship between time and head loss under
different Pb concentration for Q=2.5l/s

MUJJJ:.JY/Gd.})))w&:ﬁ‘}ulﬁ)j.)&u&«b\)—v‘.}g

S laails 5 D13 L o I uled OSl 5 b e ol

S b ey Lo 51 (g iy Bl 5558 0 i Lo

Journal of Water and Wastewater

Y4 A
92 A
90 -
88
86
84
82
80 -
78

76 T T T !

25 75 125 175
Pb initial Concentration (mg/L)

—&— Q=15 (lit/min)
—&— Q =2 (lit/min)

et Q = 2.5 (lit/min)
b= () = 3 (lit/min)

Removal Efficiency (%)

Fig. 4. Lead removal efficiency vs. Initial Pb
concentration under various filtration discharges

J.l:ﬁ;nél.hd:}ucﬁlél&-);gﬁdbobxb—f J&JI

Qﬁijgw\}k\é 6535\ aij,l;La“;K,pLaA—\‘ d}.&’
P i
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Q Pb initial conc. (mg/L)
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2.9 0.00106 0.00043 0.0003 0.00029
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Fig. 8. Relationship between time and head loss under
different Pb concentration for Q=2.9 I/s
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