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Abstract--- The organic waste water discharged from various 

industries consists of large amounts of dyes & cyanides & other 

toxic carcinogenic pollutants which are harmful to human health 

& ecosystem. Release of carcinogenic dyes is hazardous & has a 

detrimental effect on the well being of an individual. The present 

work is focussed at finding the viability of hydrodynamic 

cavitations process in the degradation of dyes. To study the 

degradation, influence of various parameters on degradation rate 

has been studied. 

Keywords--- Dyes, Waste Water, Hydrodynamic Cavitation, 

Degradation Rate. 

I. INTRODUCTION 

The waste water released from communities, industries, 

hospitals etc is a mixture of several organic & inorganic 

matter. It contains certain amount of hazardous matter & 

when it is disposed to water bodies, some pollutants may get 

dissolved; some may float in water or get deposited on bed. 

This results in the water pollution by which the quality of the 

water gets depleted affecting the aquatic life. These 

pollutants can also penetrate through the soil pores & affect 

the groundwater. The water is majorly polluted by industrial 

wastes such as textile, paper, pesticides and many more. 

When discharged into the water bodies, it devastates the self 

purification phenomena of the water bodies which reduces 

the ability of recovery. This attributes to deep-rooted effects 

on human being, aquatic life & surroundings. 

The textile industry is one of the most prominent industry 

which accounts for 54% release ofdye effluent. The dyeing 

industry releases 21%, paper and pulp industry 10%, tannery 

and paint industry 8% and the colour fabricating industry 7% 

and are  identified to produce huge quantities of dye effluents 

from few related processes [1, 2]. Dye effluents can endanger 

the lives of creatures and people [3, 4]. A perfect dye 

removal method is mandatorily required which has the 

capacity to productively expel huge amounts of dye from 

wastewater in a short span without delivering auxiliary 

contamination [5].  

Present study is mainly focused on Advanced Oxidation 

Process (AOP) as an efficient chemical treatment method for 

dye degradation. In addition, AOP has been beneficial in the 

perspective of economy and dye removal efficiency. Since 

two decades, number of research works are in progress for 
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innovation and improving the technologies especially in the 

region of advanced oxidation for the Dye toxin degradation. 

Among all AOP methods, cavitation is the best process to 

treat colored wastewater in extremely effective and 

economical way. [30, 31] 

Degradation of dyes by Hydrodynamic cavitation (HC) is 

a very efficient & economical technique, which depends on 

geometrical arrangement of orifice plate; cavitation number 

(CV) and various other parameters namely initial 

concentration, pH, temperature, and inlet pressure. Effects of 

few parameters on dye degradation are further stated. Initial 

concentration is one of the affecting factors in degradation of 

dyes; different authors have discerned the impact of 

concentration with different perception. Few authors have 

estimated the impact of initial concentration on the rate of 

pollutant degradation, while others have considered the 

impact of focus on the percent decrease of contamination 

level in aqueous effluent [6]. The rate of hydroxyl (OH*) 

radicals utilization will be the greatest as contrasted with low 

concentration of pollutant. Hence the degradation rate would 

be large but the percentage drop might be lesser due to 

higher loading rate. The rate of degradation AR88 dye 

increases with increasing concentration of sample and it is 

varied from 50-150μm [7]. Comparable study on degradation 

efficiencies of Rhodamine-B and K-2BP was observed with 

the help of HC by varying the initial concentration of dye. It 

was interposed that on increase in the initial concentration 

from 10 - 50 ppm, the degradation decreased from 92% - 

24.7% [8, 9]. 

The pH of solution is also one of the important factor to 

paramount the degradation rates of dye, which is dependent 

on the nature and state of pollutant i.e., ionic or molecular 

form, hydrophobic in nature when it is in molecular state 

[10]. Apart from the effect of pH, nature and the state of 

pollutant molecules, few authors have reported that the 

reactivity and generation of OH radicals can also be affected 

by altering the solution pH. The degradation efficiency is 

increased with decreasing pH value of sample from 11-2 [7, 

11, 12-16], the particles of dye turns out to be more 

hydrophobic in nature at   sub-atomic state. In the favourable 

acidic condition, slower recombination of generated OH* 

radicals also resist the scavenging of released OH* radicals 

by other ionic spices present in the solution such as HCO3- 

and CO32-[7, 16], where as in basic medium, the dye 

particles gets ionized and become hydrophilic in nature and 

subsequently stay in the bulk fluid. Only 10% of created 

OH* radicals are diffused into bulk solution because of the 

OH* radicals recombination [6].The temperature of solution 

is also one of the crucial factors in cavitational yield and 

degradation efficiency. Different wastewater samples require 

different optimum temperature to degrade the dye. 
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High operating temperature may be functional because the 

number of cavities formed may be large due to the higher 

rate of transformation of liquid into vaporous cavities. Few 

authors reported that, the degradation of Rhodamine-B, 

Chitosan, etc. requires temperature range 300c -700c and 

then decreases because of choked cavitation [7, 17, 18]. Few 

other studies have reported that low temperature is also 

favourable to degrade the dye; the 90% degradation of 

carbamazepine is observed at low temperature of 250
0
c, with 

further increase in temperature the efficiency decreased [19], 

which means the temperature depends on the liquid vapour 

pressure. With increase of temperature, the vapour pressure 

also increases and thus cavities are formed at low operating 

pressure and at high temperature [6]. Among all studies, it is 

concluded that the moderate temperature should be within 

the range of 250
0
c – 500

0
c & is well suited for wastewater 

treatment.  

II. MATERIALS AND METHODS 

Materials 

1. Methyl blue dye (powder form) molecular weight 

and formula : 799.95 g/mol and 

C37H27N3Na2O9S3. 

2. Hydrogen peroxide (H2O2) 

3. Orifice plates made with stainless steel with 8 

number holes of 2mm diameter of circular and 

hexagonal geometry. 

Advanced Oxidation Process (AOP) 

The generation and utilisation of hydroxyl free radicals 

(OH*) are involved with Advanced oxidation process. As a 

strong oxidant, the OH* free radicals that develops in the 

oxidation process are used to demolish compounds that 

cannot be oxidized by regular oxidants such as ozone, 

chlorine and oxygen. The belowfigure describes the 

methodology of Advanced oxidation process with 

oxidizingagent (H2O2). 

 
Fig.1: Methodology of advanced oxidation process with 

oxidizing agent 

There are various dye degradation techniques like 

Cavitations (acoustic and hydrodynamic) [20, 21], photo-

catalytic oxidation [22], Fenton chemistry [23], Chemical 

oxidation [24]. Among all AOP techniques, treatment of 

wastewater by cavitations is one of the finest alternative 

techniques [7,30].  

Cavitation 

Cavitation is defined as the formation and growth of 

cavities at low pressure region (i.e. region below vapour 

pressure) which is followed by collapse of cavities at high 

pressure region extremely within small interval of time 

(milliseconds) and the collapse of bubbles gives rise to 

confined „„hot spots‟‟ with transient temperature and 

pressures [24]. Under such conditions, the water molecules 

separate into H* and OH* free radicals. The radicals 

released from the cavitation energy are diffused into liquid 

medium. Among the diffused radicals, only OH* radicals 

reacts with organic pollutants and oxidize them [3, 44]. 

Cavitation involves two mechanisms in the organic 

pollutants destruction. They are i)Reaction of pollutants 

with OH* radicals [25, 26,30,31] & ii) Thermal 

decomposition [27, 28]. The classification of cavitation is 

based on method of generation of cavities namely, acoustic, 

optic, hydrodynamic and particle cavitation. Among all 

these techniques, the method of hydrodynamic cavitation is 

more efficient and economical to degrade the pollutants & 

the present study aims in degradation efficiency & rates. 

Hydrodynamic Cavitation 

In HC, the cavitation is produced by the liquid that passes 

through the constriction of orifice be in control of inlet 

pressure. The velocity of liquid increases at the low pressure 

when liquid passes through orifice. At critical point of 

section i.e. at low pressure, the liquid generates large 

amount of cavities and these cavities collapses with high 

intensity when they reach downstream section as shown in 

figure 

Experimental and Analytical Method 

Hydrodynamic cavitation based dye degradation has been 

carried out at different conditions using 30 litres dye 

wastewater for a constant circulation time of 60 minutes. 

The usual concentration of the dye in the practical industrial 

wastewater is found to be in the range of 10-150 mg/lit [29, 

30]. Hence an initial concentration of Methyl blue was kept 

constant for all the cases at 40 mg/lit to establish the kinetics 

at a room temperature. 

 
Fig. 2: Hydrodynamic cavitation setup and line diagram 

Initially the required amount of dye in the powderform is 

weighed and mixed thoroughly with wastewater in storage 

tank. When operating the pump, a constant inlet pressure is 

maintained by controlling the pressure valve on bypass line. 

The experiment is conducted at an optimum inlet pressure 

for good dye degradation. 

The pump imbibes the wastewater containing methyl blue 

dye from the storage tank at constant flow rate. The water 

flows through the orifice plate (8 number of holes circular or 

hexagonal orifice plate) present on the main line and gets 

treated. Finally treated water is collected from the collecting 

tank (fixed at the top of the rectangular tank) with respect to 

the time. 
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UV-Spectrophotometer (Model: Shimadzu1800) is used 

to assess the degradation of Methyl blue and to calculate the 

concentration of dye by analyzing the absorbance at the 

wavelength of 308 nm for dye solution. 

III. RESULTS AND DISCUSSIONS 

The experimental results with respect to degradation of 

Methyl blue using hydrodynamic cavitation method with 

and without the presence of H2O2 are presented & 

dispensed. The orifice geometry effect on the amount of dye 

degradation is also accorded. 

Hydraulic Characteristics 

Cavitation number (Cv) is a dimensionless parameter 

used to investigate the intensity of HC inside the cavitation 

device (Orifice). 

The hydraulic characteristics of Cavitating device has 

been studied by using both the Cv and the flow rate in 

mainline. The correlation between Cv and the pressure and 

flow rate is given by the following equation: 

CV=
     

 
 ⁄       

 

In the above equation, P2 is the fully recovered 

downstream pressure, Pv is the vapor pressure of liquid and 

V0 is the liquid velocity at the orifice. 

Liquid velocity can be estimated by knowing the flow rate 

through the mainline.The following table provides the data 

connecting the flow rate and cavitation numbers at different 

inlet pressures. 

Table 1: Cavitation number calculations for orifice plate 

with 8 no. of circular holes 

Pressu

re 

(bars) 

Volume 

Collecte

d 

(m3) 

Time 

taken 

for 

collecti

on (s) 

Flow 

rate 

(m3/s) 

(Q) 

Velocity 

at 

Orifice(V

o) (m/s) 

Cv 

0.5 
0.01153

75 
45.20 

2.55x1

0-4 
81.23 

1.88

1 

1.5 
0.01153

75 
35.93 

3.21x1

0-4 
102.21 

1.18

9 

2.5 
0.01153

75 
30.5 

3.78x1

0-4 
120.41 

0.85

7 

3.5 
0.01153

75 
25.92 

4.45x1

0-4 
141.77 

0.61

8 

4.5 
0.01153

75 
21.20 

5.44x1

0-4 
173.22 

0.41

4 

5.5 
0.01153

75 
19.22 

6.02x1

0-4 
191.28 

0.33

9 

6.5 
0.01153

75 
17.50 

6.59x1

0-4 
209.83 0.28 

From the above table, it has been found that the cavitation 

number varies with respect to inlet pressure. This infers, the 

cavitation number decreases with increase in the inlet 

pressure additionally the flow rate of liquid passing through 

the main line .It is also found that the low cavitation number 

favours the dye degradation. 

The maximum numbers of cavities are formed at 

cavitation number less than or equal to 1. It may be greater 

than 1 as well when suspended solids and dissolved gases 

exist in the wastewater [33]. 

 

 
Fig. 3: Flow rate and CV plots in reference with inlet 

pressure for circular and hexagonal holes orifice plates 

The following table provides the data which is associated 

with the flow rate and cavitation numbers at different inlet 

pressures. 

Table 2: Cavitation number calculations for orifice plate 

with 8no.of hexagonal holes 

Pressu

re 

(bars) 

Volume 

Collecte

d 

(m3) 

Time 

taken 

for 

collecti

on (s) 

Flow 

rate 

(m3/s) 

(Q) 

Velocity 

at 

Orifice(

Vo) (m/s) 

Cv 

0.5 
0.01153

75 
42.65 

2.705x1

0-4 
86.107 

1.67

6 

1.5 
0.01153

75 
34.38 

3.35x10

-4 
106.82 

1.08

9 

2.5 
0.01153

75 
29.18 

3.95x10

-4 
125.81 

0.78

5 

3.5 
0.01153

75 
24.29 

4.74x10

-4 
151.13 

0.54

4 

4.5 
0.01153

75 
20.17 

5.71x10

-4 
182.03 

0.37

5 

5.5 
0.01153

75 
18.78 

6.14x10

-4 
195.53 

0.32

5 

6.5 
0.01153

75 
16.66 

6.92x10

-4 
220.32 

0.25

6 

With further decrease in the cavitation number below 

0.15, the rate of dye degradation decreases correspondingly. 

When this situation occurs, the cavitation chamber gets 

occupied with large number of cavities (choked cavitation) 

which causes cavitation cloud at downstream region of the 

orifice. 

These massive bubbles move proactively along the flow 

without getting completely collapsed or partially collapsed, 

thus reducing the cavitational yield which thereby reduces 

generation of OH* radicals. 
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Effect of Inlet Pressure on Dye Degradation 

Orifice inlet pressure affects cavitational phenomena 

inside the cavitating device (Hydrodynamic cavitation 

device). The intensity of cavitation (magnitude of collapse 

pressure) and density of cavities being delivered relies 

majorly on the inlet pressure. 

From the figure 4.3,it is observed that the dye degradation 

efficiency increases with decrease of absorption rate. 

Experiments are conducted at different inlet pressures 

ranging from 3 to 6 bars at 60 min time of operation and the 

results are plotted in the figure 4.4. The plot shows that, the 

degradation efficiencies were around 17.2%, 24.7%, 46.27% 

and 48.33% at inlet pressuresof 3, 4, 5 and 6 bars 

respectively. 

As the degradation efficiencies at 5 and 6 bars are almost 

same, the degradation efficiency at 5 bars (i.e.46.27%) is 

considered for further analysis. When the cavitating device 

reaches optimum inlet pressure, huge number of cavities 

develops which is called as choked cavitation. This is not 

recommended for dye degradation. 

 

 
Fig.4: The plots in the figure correspond to values of 

absorbance of the methyl blue dye at 3 bars (dash dotted 

line), 4 bars (broken line), 5bars (solid line) and at 6bars 

(dotted line) at 60 mins of time of operationwith circular 

hole (8 No.) orifice geometry, initial conc. 40 mg/l and 

pH 7 

Effect of Orifice Geometry and Oxidizing agent on Dye 

Degradation 

Orifice Plate with Circular Holes (8 No.) with & without 

H2O2 

The UV peaks in the figure 4.5 shows that Methyl blue 

degradation with and without H2O2 addition for an orifice 

plate with 8 number of circular holes. Hydrodynamic 

cavitation (HC) combined with concentrated H2O2 plays a 

significant role in the degradation of dyes. Under ideal 

cavitational conditions, this technique effectively affects the 

decolorization process. Because of its high oxidation limit 

(1.78 eV), H2O2 easily decomposes into more number of 

OH* radicals. With H2O2, the absorbance value is less 

compared to without H2O2. 

It implies that, maximum dye degradation is observed at 

low absorbance value. At 30 min time of operation, without 

H2O2 the methyl blue dye degradation is around 20-22%.  

When H2O2 is added to the dye wastewater, the rate of 

degradation is observed as 30 – 35%. It implies that, the 

degradation efficiency is 10-15% more as compared with 

orifice plate of circular holes without H2O2. 

It is due to increase in the generation of OH* radicals. 

This shows that the oxidizing agent plays a significant role 

in enhanced dye degradation. 

 
Fig. 5: The plots in the figure correspond to values of 

absorbance of the methyl blue dye without H2O2 at 30 

min (Solid Line) and with H2O2 at 30 min (dotted line) 

of time of operation with circular hole (8 No.) orifice 

geometry. The operating pressure is 5 bar, initial conc. 

40 mg/l and pH 7 

Orifice Plate with Hexagonal Holes (8No.) with & without 

H2O2 

The UV peaks in the figure 4.10 shows that Methyl blue 

degradation with and without H2O2 addition for an orifice 

plate with 8 no. of hexagonal holes. At 30 min time of 

operation, without H2O2 the observed degradation efficiency 

for methyl blue is around 20-30%. 

When H2O2 is added to the dye wastewater the rate of 

degradation is observed as 45 – 50%. It implies that, the 

degradation efficiency is 15-20% more as compared with 

orifice plate consist hexagonal holes without H2O2. 

It is due to releases huge number of OH* radicals by 

adding H2O2. One more reason behind good degradation is 

that the flow turbulence. 
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The flow turbulence increases with hexagonal holes of 

orifice plate which in turn increases the cavity collapse 

phenomenon and releases huge amount cavitational energy 

at downstream region of orifice. 

 

 
Fig. 6: The plots in the figure correspond to values of 

absorbance of the methyl blue dye with h2o2 at 

30min(solid line) and without H2O2 at 30 min (dotted 

line) of time of operation with hexagonal hole (8 No.) 

orifice geometry. The operating pressure is 5 bar, initial 

conc. 40 mg/l and ph 7 

Comparison of Circular &Hexagonal Holes (8No.) of 

Orifice Plate without H2O2 

From the figure 3 it is observed that, the Methyl blue dye 

degradation for orifice plate with hexagonal openings is 5-

10% more (approx.) when compared with orifice plate with 

circular openings. It is due to generation of more number of 

OH* radicals and high collapsing pressure at downstream 

region of orifice plate. The collapsed pressure depends on 

flow turbulence and the flow turbulence increases by using 

orifice plate with hexagonal holes. 

 
Fig.7: The plots in the figure correspond to values of 

absorbance of the methyl blue dye without H2O2 at 30 

min (solid line, dotted line) of time of operation 

withcircular & hexagonal hole (8 no.) orifice geometry. 

The operating inlet pressure is 5 bar, initial conc. of 40 

mg/l and pH of 7 

Comparison of Circular &Hexagonal Holes (8No.) of 

Orifice Plate with H2O2 

The rate of dye degradation is studied by conducting 

experiments at a molar ratio of 1:40 (dye conc. to hydrogen 

peroxide conc.) to determine the overall efficiency of 

degradation process. The rateof degradation is observed by 

using UV absorption peaks as shown in figure 4.8. From the 

figure 4.9 it is concluded that, at 30 mins time of operation 

the degradation efficiency is around 10-15% high when 

compared with orifice plate with circular holes, it is due to 

releases large number of OH* radicals and also due to high 

flow turbulence. 

 

 
Fig.8: The plots in the figure correspond to values of 

absorbance of the methyl blue dye with H2O2 at 30 min 

(solid line) and at 30 min (dotted line) of time of 

operation with circular & hexagonal hole (8 no.) orifice 

geometry. The operating pressure is 5 bar, initial conc. 

40 mg/l and ph 7 

IV. CONCLUSIONS 

The following conclusions were drawn for methyl blue 

dye by using hydrodynamic cavitation technique 

 Low cavitation number (i.e, ≤ 1) is favourable for 

good dye degradation. From the experimental data 

it should be concluded that the cavitation number is 

less for orifice plate with hexagonal holes (8 No.) 

compared with orifice plate with circular holes (8 

No.). 

 Maximum dye degradation is observed at an inlet 

pressure of 5 bars among different inlet pressures 

(3, 4, 5 and 6 bars) 

 At an optimum inlet pressure of 5 bars and at pH 7 

with Hydrodynamic cavitation (without H2O2) the 

degradation efficiency for orifice plate with both 

circular and hexagonal holes (8 no.) is 

approximately same. 

 At an optimum inlet pressure of 5 bars and at pH 7 

Hydrodynamic cavitation with H2O2 the percentage 

of dye degradation is 10-15% more for orifice plate 

with hexagonal holes (8 no.) compared with orifice 

plate with circular holes (8 no.). 
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