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Sedimentation 
 

Outline 

1-Introduction 

 2-Objective & Application 

 3-Theory for sedimentation 

4-Gravitation force 

5-Buoyant force 

6- Drag force 

7-Drag coefficient 

8-Terminal velocity of particle for sedimentation 

9-Terminal velocity of particle for hindered settling. 

 

Introduction 
 

     Sedimentation describes the motion of molecules in solutions or particles 

in suspensions in response to an external force such as gravity, centrifugal 

force or electric force.                                            

The separation of a dilute slurry or suspension by gravity settling into a clear 

fluid and s slurry of higher solids content is called sedimentation.                                                                                    
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Objective & Application 
        is to remove the particles from the fluid stream so that the fluid is 

free of particle contaminants.  

Applications of sedimentation: include removal of solids from liquid 

sewage wastes, settling of crystals from the mother liquor, separation of liquid-

liquid mixture from a solvent-extraction stage in settler, water treatment, 

separation of flocculated particles, lime-soda softening iron and manganese 

removal, wastewater treatment, solids/sludge/residuals.                                                                         

 

 

 

     Whenever a particle is moving through a fluid, a number of forces will be 

acting on the particle.  

First, a density difference is needed between the particle and the fluid. 

If the densities of the fluid and particle are equal, the buoyant force on the 

particle will counter balance the external force and the particle will not move 

relative to the fluid. 

There  are three forces acting on the body: 

  - Gravity Force 

  - Buoyant Force 

  - Drag Force 

 
 

Theory for sedimentation 
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Mechanics of particle motion in fluids 
 

  To describe, two properties need: 

 1- Drag coefficient 

                2-Terminal velocity 

 

Drag Coefficient 
 

For particle movement in fluids, drag force is a resistance 

to its motion. 

Drag coefficient is a coefficient related to drag force. 

Overall resistance of fluids act to particle can be 

described in term of drag force using drag coefficient 

 

  

Comparing with fluid flow in pipe principle, drag coefficient is 

similar to friction coefficient or friction factor ( f ). 

 

 

 

 

 

 

 

For drag coefficient: 
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Frictional drag coefficient 
 

1- For flat plate with a laminar boundary layer: 

 

 

2- For flat plate with a turbulent boundary layer: 

 

 

 

 

Frictional drag coefficient: 

For flat plate with a transition region: 

 

 

 

 

   

Note: If a plate or circular disk is placed normal to the flow, the total drag will 

contain negligible frictional drag and does not change with Reynolds number . 

 

Sphere object 
 

  At very low Reynolds number (< 0.2), Stoke law is applicable. The inertia 

forces may be neglected and those of viscosity alone considered.                                                                                         
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Terminal or Settling Velocity 
 

Settling velocity ( vt ): The terminal velocity at which a particles falls 

through a fluid.  

   When a particle is dropped into a column of fluid it immediately accelerates 

to some velocity and continues falling through the fluid at that velocity (often 

termed the ( terminal settling velocity).                    

The speed of the terminal settling velocity of a particle depends on properties 

of both the fluid and the particle:                                       

Properties of the particle include:  

The size if the particle (d).  

The density of the material making up the particle (rp).  

The shape of the particle. 

Particle Settling Velocity 

 

 Put particle in a still fluid… what happens? 

  

 Speed at which particle settles depends on: 

  Particle properties:  D, ρp, shape 

  Fluid properties: ρf , μ, Re  

 

STOKES Settling Velocity 
 

    Assumes spherical particle (diameter = dP) laminar settling  

FG depends on the volume and density (ρP) of the particle and is given by: 

 

  

FB is equal to the weight of fluid that is displaced by the particle:  

  

Where ρf is the density of the fluid.  

FD is known experimentally to vary with the size of the particle, the viscosity 

of the fluid and the speed at which the particle is traveling through the fluid.  
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Viscosity is a measure of the fluid’s “resistance” to deformation as the 

particle passes through it.  

 

 

Where m (the lower case Greek letter mu) is the fluid’s dynamic viscosity and 

v is the velocity of the particle; 3pd is proportional to the area of the particle’s 

surface over which viscous resistance acts. 

From basic equation, F = mg = resultant force:  

  

 

With v = terminal velocity or vt:  

 

 

In the case of  0.0001< NR < 0.2, terminal velocity can be determined by 

using CD =24/NR:  

 

 

In the case of  0.2< NR < 500, terminal velocity can be determined by using 

CD as:  

 

 

In the case of 500 < NR < 200,000, terminal velocity can be determined by 

using CD as:  
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Laminar (Stokes) vs. Turbulent (Gibbs) settling: 

 

 

 

 

 

 

 

Stoke’s Law has several limitations 
i) It applies well only to perfect spheres.  

The drag force (3pdmvt ) is derived experimentally only for spheres.  

Non-spherical particles will experience a different distribution of viscous 

drag.  

ii) It applies only to still water.  

Comparison of Stokes and Gibbs
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Settling through turbulent waters will alter the rate at which a particle settles; 

upward-directed turbulence will decrease vt whereas downward-directed 

turbulence will increase vt.                                    

iii) It applies to particles 0.1 mm or finer.  

Coarser particles, with larger settling velocities, experience different forms of 

drag forces.  

Stoke’s Law overestimates the settling velocity of quartz density particles 

larger than 0.1 mm.  

 

a)When settling velocity is low (d<0.1mm) flow around the particle as it falls 

smoothly follows the form of the sphere. 

Drag forces (FD) are only due to the viscosity of the fluid.  

When settling velocity is high (d > 0.1mm) flow separates from the sphere 

and a wake of eddies develops in its lee. 

Pressure forces acting on the sphere vary.  
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Negative pressure in the lee retards the passage of the particle, adding a new 

resisting force.  

Stoke’s Law neglects resistance due to pressure.  

iv) Settling velocity is temperature dependant because fluid viscosity and 

density vary with temperature.  

 

 

 

Grain size is sometimes described as a linear dimension based on Stoke’s 

Law:  

Stoke’s Diameter (dS): the diameter of a sphere with a Stoke’s settling 

velocity equal to that of the particle.  

 

 

Set ds = dP and solve for dP.  
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Settling velocity of dust particles 
Example: 

   Calculate the settling velocity of dust particles of 60 µm diameter in air at 

21°C and 100 kPa pressure. Assume that the particles are spherical and density 

= 1280 kg m
-3

, and that the viscosity of air = 1.8 x 10
-5

 N s m
-2

 and density of                  

air = 1.2 kg m
-3

. 

Solution: 

For 60 µm particle: 

 

 

 

Checking the Reynolds number for the 60 µm particles, 

 

HINDERED SETTLING 
        If the settling is carried out with high concentrations of solids to liquid so 

that the particles are so close together that collision between the particles is 

practically continuous and the relative fall of particles involves repeated 

pushing apart of the lighter by the heavier particles it is called hindered 

settling.                                                                               

particles interfere with each other 
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particle interactions change settling velocity 

discrete particles: 

higher solids concentration reduces velocity  

Flocculating particles: 

experiments only  

 

  

 

Hindered Settling 

ε = void fraction  

p= empirical correlation fraction 

    =  

 

For turbulent flow (Re ˃10
4
)   𝑣𝑠 =  

10∗𝑔 𝜌𝑝−𝜌𝑤  𝑑

3𝜌𝑤
 

Settling velocity of spherical discrete particle under turbulent flow 
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Example: 

Find the terminal settling velocity of a spherical discrete particle with 

diameter (0.5 mm) and specific gravity of 2.65 settling through water at 20 
o
C 

?               ρw =998 kg/m
3
 , μ =1.002x10

-3
 

Solution: 

Sp.gr = ρp /ρw 

2.65= ρp / 998 --------    ρp = 2644.7 kg/m
3      𝒗𝒔 =  

𝟏𝟎∗𝒈 𝝆𝒑−𝝆𝒘 𝒅

𝟑𝝆𝒘

 

𝑣𝑠 =  
10∗9.81 2644.7−998 ∗0.5∗10−3

3∗998

 
 

𝑣𝑠 = 0.1642 𝑚/𝑠𝑒𝑐 

 

 

Flocculating Particles ( Type II) 
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Zone Settling & Compression: 

 

 

Coho = Cchc = Cu hu  
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Compression – Compaction: 

 

 (∞dh/dt=-k(h-h 

Zone Settling: 

 

 

𝑽𝒔 =
𝒉𝒐−𝒉𝒖

𝒕𝒖−𝒕𝒐
=

𝒉𝒐−𝒉𝒊

𝒕𝒊
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Sedimentation basins (settling tank) : 
 

Sedimentation basins, also called settling tanks or clarifiers, are large tanks in 

which water is made to flow very slowly in order to promote the sedimentation 

of particles .                                                             

The overflow rate (also known as the surface loading or the surface 

overflow rate) is equal to the settling velocity of the smallest particle which 

the basin will remove. Surface loading is calculated by dividing the flow by 

the surface area of the tank. Overflow rate should usually be less than 1,000 

gal/day-ft.2 The weir loading is another important factor in sedimentation 

basin efficiency. Weir loading, Is another factor in sedimentation efficiency 

weir loading also known as weir overflow rate, is the number of gallons of 

water passing over a foot of weir per day. The standard weir overflow rate is 

10,000 to 14,000 gpd/ft and should be less than 20,000 gpd/ft. Longer weirs 

allow more water to flow out of the sedimentation basin without 

exceeding the recommended water velocity.                                                                                                
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If a particle settles with vertical speed v , its vertical fall over the length of the 

tank is 

𝒉 = 𝒗 𝜽 = 𝒗
𝑳

𝒖
 

This length h is either longer than the settling depth H or it is not. 

 If  h ≥ H, then the particle hits the bottom before the end of the tank 

and is collected. 

 If  h ˂ H, then the particle may or may not hit the bottom, depending 

on the level at which it starts, If it starts close to the bottom, it will 

settle on the bottom, but if it starts too high it will wont fail down 

enough and will escape with the outflow. 

 

 

 

1-  𝑽 =
𝒉.𝑸

𝑯.𝑨
  

It is easy to show that, if h ˂ H, the particles in the lowest h portion of the 

tank are collected and that those starting within the top H – h portion do not 

get collected. 
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This leads us to define a critical settling speed, namely the settling speed of 

the particles that get barely all collected. 

h = H    for   𝒗𝒄 =
𝑯

𝜽
=

𝑯𝒖

𝑳
 

in terms of the volumetric 

flowrate 

𝒗𝒄 =
𝑯

𝑳

𝑸

𝑾𝑯
=

𝑸

𝑾𝑳
=

𝑸

𝑨
  

This critical speed is called the over flow rate 

Note: How in this definition, Q is not divided by the cross-sectional area WH  

but by the horizontal area of the tank, WL = A 

 

Collecting efficiency: 

For particles settling with speed v faster than vc , the collection efficiency is 

100% 

For particles settling with speed v slower than vc , the collection efficiency is  

𝒉

𝑯
 . 

 

 

 

   η = 100% 

 

 

 

       η = 
𝒉

𝑯
=

𝒗𝑳

𝒖𝑯
=

𝒗

𝒗𝒄
 < 1  
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And, how does it work in a circular sedimentation tank ? 

The radial velocity u varies the 

radius r. decreasing so that the 

volumetric flow through the 

enlarging cross- section remains 

constant: 

𝒖 =
𝑸

𝟐𝝅𝒓𝑯
  

The slope of the settling curve follows the equation 

𝒅𝒉

𝒅𝒓
=

𝒗

𝒖
=

𝟐𝝅𝒓𝑯𝒗

𝑸
       𝒉 =

 𝝅𝑹𝒐𝒖𝒕𝒆𝒓
𝟐 −𝝅𝑹𝒊𝒏𝒆𝒓

𝟐  𝑯𝒗

𝑸
=

𝑨𝑯𝒗

𝑸
 

The collecting efficiency is 

η = 
𝒉

𝑯
=

𝑨𝒗

𝑸
=

𝒗

 𝑸 𝑨  
=

𝒗

𝒗𝒄
   same as for the rectangular tank 

Typical design values for sedimentation basins 
 

Parameter Range Typical values Units 

Rectangular Basin 
Length 

Depth 

width 

 

15 – 90 

3 – 5 

3 - 24 

 

25 – 40 

3.5 

6 - 10 

 

m 

m 

m 

Circular Basin 
Diameter 

Depth 

 

4 – 60 

3 - 5 

 

12 – 45 

4.5 

 

m 

m 

Water Treatment 
Overflow rate 

 

35 - 110 

 

40 - 80 

 

m/day 

Wastewater Treatment 
 

Overflow rate 

 

 

10 - 60 

 

 

16 - 40 

 

 

m/day 

 



Unit Operation                                        Dr.Ghassan Hassan Abdulrazzaq 

20 

In time t, vertical distance covered is vt. 

If  vt ˂ H, then fraction (vt / H) has been collected. 

If  vt ˃ H, then 100% has settled. 

There is a distribution of particles with various settling 

velocities. 

Define: m(v) as the probability distribution. 

Put another way, m(v) dv = mass fraction of particles with 

settling speed between v and (v + dv). 

 

Detention time : 

𝒕 =
𝒅𝒆𝒑𝒕𝒉

𝒕𝒂𝒏𝒌 𝒗𝒐𝒍𝒖𝒎𝒆

𝒇𝒍𝒐𝒘 𝒓𝒂𝒕𝒆

  

Weir length: 𝑳𝒘 =
𝑸𝑪

𝑾.𝒍𝒐𝒂𝒅𝒊𝒏𝒈
  

Where: 

Lw= weir length (ft,m) 

Qc = flow in one tank (gal/day , m
3
/sec) 

 معذل الجريان/ عذد الخزانات= في حالة اكثر من خزان 

W.L = Weir loading (gal/day.ft ,  kg/sec.m) 

Depth : the tank depth is calculated as defined: 

𝒅 =
𝑽

𝑨
  

Where :  d = depth  (ft  , m)        V = volume (ft
3
 , m

3
) 

A = Surface area (ft
2
, m

2
) 

For all tank the length has been defines as follows: 

𝑳 =4W     𝑾 =  
𝑽

𝟒𝒅
 

𝑸𝒄 =
𝑸

𝒏
  

Where : 

W = Width of tank    ,         

Qc= flow in one tank 
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Q = total flow 

n = number of tank 

𝑨 =
𝑸𝑪

𝑶.𝑹
  

A = Surface area 

Qc = flow rate 

O.R= Over flow rate 

To calculate tank surface area: A = Qc / O.R.  

To calculate tank depth: d = V / A  

To calculate width of a rectangular tank where length is four times the width: 

𝑾 =  
𝑽

𝟒𝒅
 

Example: 

Find dimension of rectangular basin having volume = 3 MLd , t = 4 hr   ,  

velocity = 10 cm/min 

Solution: 

Time = 4x60/1 hour = 240 min 

Velocity = 10 cm / min 

Length = 240 min x 0.1= 24 m 

Volume of water at 4 hour = (3x10
6
/10

3
)x(4/24)= 500m

3
 

 Cross area= V/L= 500/24=20.8 m
3

 

Assume working  depth of 3 . 

Width = 20.8/3 = 7 m 

Extra depth 1m of sludge + 0.5 free 

Board = 3+1.5 = 4.5 m 

Settling tank has size  4.5x24x7 
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Volume per hour = 3x10
6
/24 =125000 m

3 

Surface loading (SOR , surface over flow rate): 

SOR=(3x106/24)x(1/24x7)  

Advantages of circular basin : 

1. No dead spaces  

2. Low maintenance cost of equipment used for sludge collection and ease of 

design and construction. 

3. The walls of circular tanks act as tension rings, which permit thinner walls 

than those for rectangular basins. As a result, the circular tanks have a lower 

capital cost per unit surface area than the rectangular tanks. 

ذؼًم جذراٌ انخشاَاخ انذائزٌح كذهماخ ذىذز ، يًا ٌسًخ تجذراٌ أرق يٍ ذهك ) 

َرٍجح نذنك ، ذرًرغ انخشاَاخ انذائزٌح تركهفح . انًىجىدج فً الأدىاض انًسرطٍهح

 .(رأسًانٍح ألم نكم ودذج يسادح يٍ انخشاَاخ انًسرطٍهح

 

Disadvantages of circular basin : 

1. low hydraulic detention efficiency. (كفاءج ادرجاس هٍذرونٍكً يُخفعح ) 

2. high risk of short-circuiting.(ارذفاع خطز دذوز لصز فً انذائزج انكهزتائٍح ) 

 

Sedimentation tank components: 
  

A- Influent Structure (هٍكم يؤثز) 
 

purpose:  
(1) Dissipate energy of incoming flow by means of baffles.  

(ذثذٌذ غالح انرذفك انىارد ػٍ غزٌك انذىاجش)  
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(2) Distribute the flow equally along the basin width. 

 ( (ضذىسٌغ انرذفك تانرساوي ػهى غىل ػزض انذى

(3) Prevent short circuiting by disturbing the thermal or density stratification. 

(يُغ لصز انذائزج ػٍ غزٌك إسػاج انطثماخ انذزارٌح أو انكثافح ) 

 (4) Promote flocculation. (كرم ذؼشٌش اند ) 

 (5) Keep low head loss. (انذفاظ ػهى فمذاٌ انزأص انًُخفط)   

 
Details of influent structure:  
(1) Inlet channel: has a minimum velocity of 0.3m/s to prevent settling of 

solids. .(ثاٍَح نًُغ ذزسة انًىاد انصهثح/  يرز 0.3سزػح لا ذمم ػٍ :  لُاج انًذخم)  

 (2) Submerged ports or an overflow weir: Ports have velocities between 4.5 

and 9 m/min at design average flow. The spacing between the ports is 

normally 1–2m with a maximum spacing of 3m. 

دلٍمح تًرىسػ /  و 9 و 4.5انًُافذ انًغًىرج أو انسذ انفائط ذرًرغ انًىاَئ تسزػاخ ذرزاوح تٍٍ )

.( و3 و يغ ألصى ذثاػذ 2 - 1ػادج يا ذكىٌ انرثاػذ تٍٍ انًُافذ . ذذفك انرصًٍى  
 (3) A perforated baffle (5% porosity) with ports size between (5-10cm), is 

typically installed 0.6–0.9m away from the inlet ports and the lower end is 

about 15–30 cm below the inlet ports. The top of the baffle is kept below the 

average water surface to allow scum to pass over the top. 

 - 0.6، ػادج ػهى تؼذ  ( سى10-5)تًُافذ دجًها تٍٍ  (٪ يسايٍح5)  ٌرى ذزكٍة داجش يثمىب)

ٌرى .  سى ذذد يُافذ انذخىل30-15 يرز يٍ يُافذ انذخىل وٌكىٌ انطزف انسفهً دىانً 0.9

.(الادرفاظ تانجشء انؼهىي يٍ انذاجش ذذد سطخ انًاء انًرىسػ نهسًاح تًزور دثانح فىق انمًح  

 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

B-Effluent structure 

 purposes:  

(1) Provide uniform distribution of flow over a large area 

  ذىفٍز ذىسٌغ يُرظى نهرذفك ػهى يسادح كثٍزج
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 (2) Minimize lifting of the particles in to the effluent. 

لهم يٍ رفغ انجسًٍاخ إنى انُفاٌاخ انسائهح   

 (3) Reduce the escape of floating matter to the effluent. 

  انذذ يٍ ذسزب انًىاد انؼائًح إنى انُفاٌاخ انسائهح

  

Details of Effluent structure 
1.Overflow weir type : v-notch or straight 

2.Baffle in front of an overflow weir: It stops the floating matter from 

escaping into the effluent (0.6 m submergence minimum) 

 يرز غًز 0.6)ًٌُغ انًادج انؼائًح يٍ انهزوب إنى انُفاٌاخ انسائهح :  أياو داجش انفائطيماغغ 

(كذذ أدَى  

3.Effluent launder or channel. (غسٍم أو لُاج انُفاٌاخ انسائهح) 

4.Outlet box.(   صُذوق ذُفٍذ)

  

V-notch is preferred, Why?  
•It provide larger head, satisfactory to prevent slime and sludge accumulation 

 إَه ٌىفز رأسًا أكثز ويزظٍاً نًُغ ذزاكى انىدم وانذًأج
•The capillary rise can be ignored when V-notch is use. 
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Example:  
  A sand particle has an average diameter of 1 mm and a shape factor of 0.90 

and a specific gravity of 2.1, determine the terminal velocity of the particle 

settling in water at 20 
o
C (kinematic viscosity of water =1.003×10

-6
 m

2
/s and 

specific gravity =1). Drag coefficient can be  

computed using the following equation: 

Solution: 

𝝁𝒇 = 𝟏. 𝟎𝟎𝟑 × 𝟏𝟎−𝟔 × 𝟏𝟎𝟑 = 𝟏. 𝟎𝟎𝟑 × 𝟏𝟎−𝟑 𝒌𝒈 𝒎. 𝒔   

Settling velocity using Stokes law is: 

𝒖𝒕 =
𝒈 𝝆𝑷−𝝆𝒇 𝑫𝑷

𝟐

𝟏𝟖𝝁𝒇
=

𝟗.𝟖𝟏× 𝟏×𝟏𝟎−𝟑 
𝟐

×  𝟐.𝟏−𝟏 ×𝟏𝟎𝟎𝟎 

𝟏𝟖×𝟏.𝟎𝟎𝟑×𝟏𝟎−𝟑
= 𝟎. 𝟓𝟗𝟕𝒎 𝒔𝒆𝒄   

𝑹𝒆 = ∅
𝝆𝒇𝒖𝒕𝑫𝑷

𝝁𝒇
= 𝟎. 𝟗

𝟏𝟎𝟑×𝟎.𝟓𝟗𝟕× 𝟏×𝟏𝟎−𝟑 

𝟏.𝟎𝟎𝟑×𝟏𝟎−𝟑
= 𝟓𝟑𝟔. 𝟑𝟐  

Since Re ˃ 1 , therefore, Newton's law should be used for finding terminal 

velocity in transition zone. For initial assumption of settling velocity, stokes 

law is used. This initially assumed velocity is used to determine the Reynolds 

number which is further used to fined settling velocity. This iterative 

procedure is repeated till initial assumed velocity is approximately equal to 

settling velocity calculated from Newton's equation. 

         Initial drag coefficient is calculated as: 

 

𝑪𝑫 =
𝟐𝟒

𝑹𝒆
+

𝟑

 𝑹𝒆
+ 𝟎. 𝟑𝟒 = 𝟎. 𝟓𝟏𝟒𝟐  

𝒖𝒕 =  
𝟒 𝝆𝑷−𝝆𝒇 𝒈𝑫𝑷

𝟑𝝆𝒇∅𝑪𝑫
= 𝟎. 𝟏𝟕𝟔𝟑  

 Now, iterative procedure is continued: 

ut (previous calculated) Re CD ut Difference 

0.5977 536.3272 0.5143 0.1763 0.4214 

0.1763 158.2037 0.7302 0.1480 0.0283 

0.148 132.7684 0.7811 0.1431 0.0049 

0.1431 128.3690 0.7917 0.1421 0.0010 

0.1421 127.5052 0.7939 0.1419 0.0002 

0.1419 127.3315 0.7943 0.1419 0.0000 

 

Final settling velocity = 0.1419 m/s  


