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Abstract— Mixing is one of the most primary operations in 

industries like chemical, Biochemical, food, cosmetic, and 

pharmaceutical applications. Though the customer have 

standard sized agitator with standard parameters but this 

method is time consuming as well as it consumes the more 

power for a batch type process. In this work the power 

requirement for small size agitator to mix two fluids are 

analysed with optimum time. This paper describes the 

mechanical design of agitator to mix polyelectrolyte having 

viscosity1.5cp considering the fluid forces that are imposed 

on the impeller by the fluid. Agitator design is often though 

as the application of two engineering disciplines. The first 

step is process design from a chemical viewpoint and 

involves the specification of the impeller pattern, speed, 

temperature and blade angle etc. The next step in the design 

sequence is the mechanical design of the agitator component. 

The approach is straight forward design for the power 

(torque & speed) then shaft loads. The experiment is carried 

out for agitator 500 litres of capacity. Drawback of the old 

agitator is removed. The old agitator does not gives 

homogeneous mixing. 
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I. INTRODUCTION 

IN this paper, mixing is one of the most fundamental 

operations in industries like, food, cosmetic, and chemical, 

biochemical and process industry applications. Agitator is 

one of the important parts in the mixing process. Agitation 

refers to force a fluid by agitating and to flow in a 

circulatory motion. Agitator has various purposes such as 

suspending solid particles, coming together miscible liquids, 

dispersing a gas through a liquid in the form of small 

bubbles, and promoting heat transfer between the water and 

coil or jacket. There are some factor affecting the efficiency 

of agitating, some are linked to the liquid characteristics 

such as viscosity and densities as well as some are related to 

geometry such as the tank diameter (D), impeller length (L), 

revolving speed (N), an height of impeller from bottom of 

the container other distinctiveness of mixing include the 

liquid the necessity of performing the process to make the 

liquid experience all kind of movement inside tank. There is 

no universal system till now that is valid for all liquids and 

all tanks. Mixing is a significant unit operation in many 

industries like cosmetic, chemical, bio-chemical and 

applications dairy and food process industry. For instance, 

all operations involving blending homogenization, emulsion 

preparation, suspension, crystallization, liquid phase 

reactions, etc., need mixing in one form or the other. 

In this work two objectives are discussed first one 

is to enhance mixing time of given agitator for 

polyelectrolyte and second one is to do waste water 

treatment for purity. For the first objective a tank of size 500 

liter capacity is selected. Then the observations for density 

changes can taken after some time durations. For the second 

objective while taking impure water, process on it and 

removes impurity. 

A.  Existing Agitator Specifications 

Capacity = 3000 Liter, Dimensions of Tank, Length = 2m, 

Height = 1.5, width = 1m 

 
Fig. 1: Existing Agitator with Hopper 

1) Hopper 

2) Power feeder and Breaker 

3) Power feeder 

4) Pre-dilution Chute 

5) Stirrer 

6) 6.Stirrer 

7) Emergency stop 

8) Pump 

9) Tank 

10) Drain 

11) Outlet Connection 

B. Specifications of Set-Up 

1) Shaft 

 Material: SS316 

 Quantity: 1 set 

 Dimension: Length- 675mm, 

 Diameter: 25 mm. 

2) Impeller 

 Material: SS316 

 Quantity: 1 Set 

 Type of impeller: Axial Flow Type 

 Dimension: Dia-350mm 

 No of blades: Four 

3) Bearing Housing (Standard Part) 

 Dimension: Core Bore- 15mm, cup outside Dia.- 

42mm, 

 Bearing Width- 14.25mm 

 Type of bearing: Taper Roller Bearing 

 Bearing no: 30302 

4) Motor 

 Type of motor: Foot Cum Flange Mounted 

 Motor HP:  0.5 HP 

 Speed: 1440 rpm. 

 Motor phase: Three 

5) Gear Box 

 Type: Worm and Worm Gear 

 Reduction Ratio: 14:1 
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Fig. 2: Experimental Setup 

II. TO ENHANCE THE MIXING TIME 

The maximum solubility of the polyelectrolyte in the water 

is 9%. For the existing agitator we have to mix 270 kg of 

solid polyelectrolyte for volume of 2750 liters of water. As 

flow rate of polyelectrolyte from hopper is 1.5 kg/min. So 

for 270 kg of polyelectrolyte total time elapsed is 3 Hr. 

Time 

in 

Min 

Density 

in 

Kg/m3 

Time 

in 

Min 

Density 

in 

Kg/m3 

Time 

in 

Min 

Density 

in 

Kg/m3 

1 1 11 1.1 21 1.1 

2 1 12 1.1 22 1.1 

3 1 13 1.1 23 1.1 

4 1 14 1.1 24 1.1 

5 1 15 1.1 25 1.1 

6 1 16 1.1 26 1.1 

7 1 17 1.1 27 1.2 

8 1 18 1.1 28 1.2 

9 1.1 19 1.1 29 1.2 

10 1.1 20 1.1 30 1.2 

Table 1: Time Require to Achieving Necessary Density for 

Existing Agitator 

 
Fig. 3: Time Vs Density for Existing Agitator 

The maximum solubility of the polyelectrolyte in 

the water is 9%.For the new agitator we have to mix 45 liter 

of liquid polyelectrolyte for volume of 455 liters of water. 

Time required manually to fill the polyelectrolyte 

into the tank is 3min through the hopper. 

Time in 

Min 

Density in 

Kg/m3 

Time in 

Min 

Density 

in Kg/m3 

0.30 1 3.30 1 

1 1 4 1 

1.30 1 4.30 1 

2 1 5 1 

2.30 1 5.30 1.2 

3 1 6 1.2 

Table 2: Time Require to Achieving Necessary Density for 

Modified Agitator 

 
Fig. 4: Time Vs Density for Modified Agitator  

III. TO DO WASTE WATER TREATMENT FOR PURITY 

Groundwater and surface water contain both dissolved and 

suspended particles. Agitated coagulation is used to separate 

the suspended solids portion from the water. Suspended 

particles vary in size and shape. Correct application of 

coagulation depends upon above these factors. Suspended 

solids in water have a harmful charge; they repel each other 

when they come close together. Thus, suspended solids will 

stay in suspension and will not meet each other and settle 

out of the water, when coagulation is used. This is then 

followed by sedimentation. Floc size continues to build with 

additional collisions and contact with added inorganic 

polymers (coagulant). Macro flocs are formed and high 

molecular weight polymers, called coagulant aids, may be 

added to help bridge, and strengthen the floc, add weight, 

and boost settling rate. Once floc has reached it optimum 

size and strength, water is ready for sedimentation. To 

neutralize negative charges like clay positive charges as 

Coagulant chemicals are added in water. Since charge is 

neutralized, the small suspended particles are stick together. 

These slightly larger particles are called micro flocs, and are 

not visible to the naked eye. Water surrounding the newly 

formed micro flocs should be clear. More coagulant 

chemicals may need to be added if some particle charges not 

neutralize. Wastewaters contain pollutants that are present is 

colloidal form. In such cases the colloidal suspension may 

contain organic materials, metal oxides, stable emulsions 

and material producing turbidity. The purpose of the 

coagulation is the removal of turbidity from the water. The 

chemically water and dissipated water treatment achieved by 

using coagulation as the physicochemical operation. 

During the earlier period aluminum sulfate mostly 

used for water treatment. The applications in metal 

coagulants are widespread; due to economical consideration 

still they have several limitations, as the temperature 

changes, the need for pH adjustment before or after 

treatment, for sample specific characteristics and 

composition, also the too much sludge production. 

A. Testing Equipment 

The tank was filled with testing water. The coagulant dosage 

ranging from 90mg/L to 180ml/L added to each container 

and stirred at approximately 103rpm for 10min.The rapid 

mix stage helped to disperse the coagulant throughout in 

container. The agitator were turned off and allowed the 
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container to settle for 50min.Then final turbidity in tank 

measured Residual turbidity Vs coagulant dose was then 

plotted and optimal conditions were determined. The values 

that were obtained through the experiment were correlated 

and adjusted in order to account for the actual treatment 

system. The coagulant we chose is aluminum sulphate octa 

decahydrate [Al2(So4)18H2O].The stack solution was 

10mg/mL and different alum dosage was prepared. 

B. Results and Discussion 

The Characteristics properties of water sample was shown in 

Table 4.6.2The waste water is alkaline with brown color 

having high BOD,COD and turbidity values which needs to 

be treated before being discharged. It was reported that 

neutralization of electrical charge of particles into the water 

which causes the particle to clump together. The pH of 

water has been adjusted with sulfuric acid/lime the pH of 

water is maintained at 7.0 Table 3 shows the optimization of 

alum dosage and this was done with different dosage of 

alum from 90mg/L to 18mg/L. 

It was observed that the optimum dosage of alum 

was noted to be 120mg/L. The absorbance and final 

turbidity have been measured and then plotted as a function 

of the alum concentration as shown in Figure No.5 This 

experiment has only been carried out for the river water with 

the optimal concentration of 120mg/L of alum. 

Sr. No. Parameter Values 

1 pH 7.4 

2 Colour Dark Brown 

3 Turbidity 130 NTU 

4 Total Suspended Solid 1160 

5 Alkalinity 2470 

6 BOD 1490 

7 COD 3760 

8 Sulphide 190 

9 Total Nitrogen 240 

10 Ammonical Nitrogen 77 

11 Total Chromium 10.0 

12 Total Phosphate 18 

Table 3: Characteristics of River Water 

Sr. No. Dosage (Mg/L) Turbidity (Ntu) 

1 90 8.4 

2 120 5.5 

3 150 6.7 

4 180 8.6 

Table 4: Change in Turbidity for Different Dosage of Alum 

 
Fig. 5: Alum Dosage (mg/L) Vs Turbidity (NTU) 

IV. CONCLUSIONS 

In this work the power requirement for small size agitator to 

mix two fluids are to be analyzed with optimum time. The 

experiment will be conduct using water and polyelectrolyte 

as working fluid in mixing vessel. It was observed that the 

optimum dosage of alum was noted to be 120mg/L. The 

agitator speed was maintained at 103 RPM 
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