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inclined Settling
Devices

(hI Inclined-Tube
Detail

Part (a) courtesy of Neptune
Mlcrofloc. Inc.
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leI Inclined-Tube Detail

(a) Module of Inclined Tubes

Inclined settling devices Include Inclined-tube settlers and
the Lamella separator. both of which have overflow rates

much higher than conventional settling basins.

Figure 3.36. Inclined-Tube Settler

Inclined-Tube Settlers
Figure 3.36 (a) shows a module of Inclined-tube settlers.
Figure 3.37 shows the modules Installed In a circular clar
Ifier. whereas Figure 3.38 shows the modules Installed In
a rectangular clarifier. The water to be clarified passes up
ward through the tubes. and as settling occurs the solids
are collected on the bottom of the tubes. as shown In Figure
3.36 (b). The tubes are Inclined at an angle of 45 to 60

, degrees. which Is steep enough to cause the settled sludge
to slide down the tubes. The sludge falls from the tubes to
the bottom of the clarifier. where It Is removed by the sludge
rakes. The tube cross section may be of numerous geomet
ric shapes; however. a square or rectangular cross section
Is the most common type.

Peak Overtlow Rate.
(gallday-rr)

500-600
700-800

1400-1600

Use 85.0 ft for standard size.D = 82.59 ft

Alum
Iron Salts
Lime

Coagulant

Peak weir loading = 28.086 gal/day-ft.

The peak weir loading = (7.500.000 galJdaY)/(1f)(85.0ft)
or

Chemical Treatment Sedimentation
The peak overflow rates used for coagulation In tertiary
treatment or for coagulation of raw municipal wastewaters
and secondary effluents depend mainly upon the type of
coagulant employed. Recommended peak overflow rates are
shown In Table 3.7.

EPA. Suspended Solids Removal. EPA Process DesIgn Manual. JanulU}'
1975.
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Table 3.7. Peak Overflow Rates for Various Coagulants

peak overflow rate controls. The diameter Is given by (1f1

4)(D2) = 5357 fe or

A detention time of at least two hours based on the average
dally flow should be provided. Alum or Iron salt coagulated
wastewaters should not have a weir loading greater than
10.000 to 15.000 gal/day-ft based on the average dally flow.
Lime coagulated wastewaters should not have an average
weir loading greater than 20.000 to 30.000 gal/day-ft. The
expected performance from chemical coagulation of waste
waters can best be determined from pilot plant studies.
Chemical sludges produced from chemical coagulation may
vary from 0.5 to more than 1.0 percent of the plant capaCity
and have solids concentrations from 1 to 15 percent. de
pending on the chemical used and basin efficiency.

Lime-feed or lime-sludge drawoff lines should be glass
lined or PVC pipe to facilitate cleaning of encrustations.
Also. recycling of sludge from the bottom of the clarifiers to
the rapid-mix tank should be prov' • to assist In coagu
lation. For lime-settling basins the n ,Ianlcal sludge rakes
should be the bottom scraper type and not the suction plck-



(al Section

(3.50)

(3.51)

(3.52)

V = (5.55.!!..) (63.25 ft) = 31.6fUhrI hr 11.iOft

VI = Vo

L H'

H'=~
cosO

HI=(~) ( ft )cos45° 12in. = 0.236ft

L = module heighUsin 0

L = 3.0 Wsin 45° = 4.24 ft

Thus, the horizontal velocity is 31.6 fUhr. For an incllned
tube settler, a parttcle must settle through the distance H',

as shown in Figure 3.36 (c). Thus. for an incUned tube. Eq.
(3.48) becomes

Assume. for the hypothel1cal problem, that modules of tube
settlers are to be placed in the rectangular tank. The mod
ules are 3.0 feet high and the tubes are 2 inches deep and
lncUned at a 45° angle. The value of H' is given by

or

The value of L is

V = (~) V = ( 4.24 ) (5.55 ft) = 99.7 ftlhrI H' • 0.236 hr

Nowapplying Eq. (3.50) to get the velocity through the tube
gives the following:

. or

, Thus, the velocity through the incUned-tube settler can be
99.7 fUhr and sttll have the same degree of soUds removal
as the horizontal settl1ng unit. This is 99.7/31.6. or 3.2
times as much flow as the conventional basin can accom
modate. Thus, the advantages of the incUned-tube settlers
are readlly apparent.

Usually. the overflow rates used for incUned-tube set-
" tiers are from three to six times as great E: ose used forI

conventional settUng tanks. laminar flow IS necessary for
efficient settling since turbulent flow would scour the set-

(bl Plan

VI = Vo

L H

VI = V.UH
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The advantage of a tube settler over a conventtonal tank
can be illustrated using the ideal settling theory and a the·
oretlcal problem. If the flow to a conventtonal rectangular
settl1ng tank is 1.0 MOD. the detentton is 2 hr, the overflow.
rate is 1.000 gallday-fe. and the length to width ratto i8
4: 1. then the dimensions of the tank will be 63.25 feet long.
18.81 feet wide, and 11.1 feet deep. The overflow rate 0
1.000 gallday-fe corresponds to a settling velocity of 5.55
ftlhr. According to the ideal settling basin theory. a settling
particle must Intersect the sludge zone before it reaches the
outlet end of a settling chamber in order to be removed, J

Thus, if Vo is the settling velocity. H is the depth. VI Is thet
horizontal velocity. and L Is the chamber length. the critt .~
trajectory of a settling parttcle Is such that the following
relattonship holds true:

or

Figure 3.38. Inclined-Tube
Settl.enJ in a Rectangular
Clarlfler

Figure 3.37. Inclined-Tube Settlers in a Circular Clarfller
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(c) S.{\ through
Orifice Flume

Eilluent Channel

To prevent short circuiting and basin InstabUity. It Is es
sential that the Influent flow enter a sedimentation basin
uniformly and also that the effluent flow leave untformly.
Figure 3.39 (a) shows the plan of a typical rectangular basin
with ~ influent orifice flume and an effluent weir channel.
Figure 3.39 (b) shows a cross-section through the Influent
flume. and Figure 3.39 (c) shows a cross section through
the effluent channel. Figure 3.40 (al shows a profile of the
Influent flume. whereas Figure 3.40 (bl shows a profile
through the effluent channel. Although the profile shows
the Influent flume with circular orifices. square orifices are
also used. The effluent weir may be a suppressed weir or a
series of 90-degree V-notch weirs. as shown In Figure 3.40
(b) for a portion of the channel. If V-notch weirs are used.
they are usually at about 8-ln. centers. The elevation of the
water surface In the effluent box. shown In Figure 3.40 (b).
Is set by the elevation of the water surface In the next down
Hne treatment unit and the total head loss between the two
water surfaces.

Figure 3.39. Inlet and Outlet DetailsJor a Rectangular Tank

Lamella Separator
The Lamella separator Is similar to the Inclined-tube set
tlers except that IncHned plates are u!>~" t.oform the settling
compartments and the sludge and '" : flow Is cocurrent
Instead of countercurrent. The manufacturer recommends
It nnh, fnr 11!_ with roal1ulated waters and wastewaters.

use of tubes with small hydraul1c radll.
Figures 3.37 and 3.38 show modules of Inclined-tube

settlers Installed In a new or existing circular or rectangular
clarifier. In either type clarifier. a large portion of the plan
area. usually 67 to 80 percent. Is occupied by the tube mod
ules. New settling tanks using inclined-tube settlers will
have much less area requtrements than conventional set

tling tanks; however. one of the most common uses of in
clined tubes ts to tncrease the capacity of existing clarifiers.

In water treatment where the water temperature Is
above 50°F. It has been reported that effluent turbidities
from 1 to 7 JTU (Jackson Turbidity Unit) may be achieved.
depending upon the overflow rate. If the raw water turbidity
Is less than 1000 JTU (Culp. G. L. & Culp. R. L.. 1974). When
the water temperature Is below 40°F. expected turbidities
are from 1 to 10 JTU If the raw water turbidity is less than
1000 JTU. Since the settling velocity Is dependent upon the
water temperature. better results are obtained with warm
waters. The usual overflow rates based upon the area cov
ered by the tube modules are from 3600 to 6000 gallday-fe.
The tube settlers are Ideal for Increasing the capacity of
existing clartfiers.

In wastewater treatment. tube settlers have been suc
cessfully used In secondary settling for activated sludge and
trickling filter plants and for settling of coagulated waste
waters. They are not well suited as primary clarifiers be
cause biological growths develop within the tubes. In
particular. they are useful In Increasing the capacities of
existing final clarifiers. When used for final clarifiers. the
activated sludge mixed I1quor or trickling filter effluent is
discharged below the tube modules. Some sludge settles
and the final effluent Is clarified as It passes upward

through the tube settlers. The sludge from the settlers falls
from the modules to the bottom of the clarifier and Is re
moved with the other sludge. Overflow rates as high as
4000 gallday-ft2 have been used. which Is about five times
the overflow rates normally used for conventional settling
tanks. Some Installations have had microbial slime bu1ld

ups Inside the tube settlers. This can be minimized by In
stalling an air grid underneath the modules and using air
scouring to periodically clean off the growths.
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