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Abstract— In this study, we present the design and 

analysis of a high-efficiency rotating nozzle intended for the 

cleaning of pipes and ducts using air and water as cleaning 

fluids. The nozzle design features an inlet area of 44.1786 

mm² and an outlet area of 8.6912 mm², with the outlet being 

tangential to the inlet at a distance equal to the radius of the 

inlet. We apply fundamental principles of fluid dynamics, 

including the continuity equation and Bernoulli's equation, 

to determine the optimal inlet velocity and pressure for 

achieving effective cleaning performance and appropriate 

angular speed of the nozzle. For water, an inlet velocity of 20 

m/s and a corresponding inlet pressure of approximately 

5.06 MPa were found to produce an outlet velocity of 101.6 

m/s and an angular speed of 27,093 rad/s. These parameters 

ensure a robust cleaning force capable of dislodging debris 

and contaminants from the surfaces of pipes and ducts. This 

research contributes to the development of efficient cleaning 

systems in industrial applications, emphasizing the 

importance of precise fluid dynamic calculations in the 

design process. 

Keywords—Rotating nozzle, pipe cleaning, duct cleaning, 

fluid dynamics, inlet velocity, inlet pressure, angular speed, 

Bernoulli's equation, continuity equation, industrial cleaning 

systems. 

I. Introduction 

Efficient and effective cleaning of pipes and ducts is critical in 

various industrial applications, including chemical 

processing, water treatment, and HVAC systems. The 

accumulation of debris, scale, and contaminants within these 

conduits can lead to reduced operational efficiency, increased 

energy consumption, and potential system failures. 

Traditional cleaning methods often involve manual labor or 

rudimentary mechanical tools that may not thoroughly 

remove all residues, particularly in complex or hard-to-reach 

areas. 

In response to these challenges, advanced nozzle designs have 

been developed to enhance cleaning performance through the 

use of high-pressure jets of air or water. Among these, 

rotating nozzles offer distinct advantages by combining the 

forceful impact of fluid jets with rotational motion, thus 

increasing the coverage area and improving the dislodging of 

stubborn deposits. 

This paper details the design, analysis, and optimization of a 

rotating nozzle specifically engineered for the cleaning of 

pipes and ducts. The nozzle design incorporates a tangential 

outlet to the inlet, facilitating rotation through the reaction 

forces generated by the high-velocity fluid jets. Key design 

parameters include an inlet area of 44.1786 mm² and an 

outlet area of 8.6912 mm². The study utilizes fundamental 

fluid dynamics principles, including the continuity equation 

and Bernoulli's equation, to determine the appropriate inlet 

velocity and pressure that achieve the desired rotational 

speed and cleaning efficacy. 

The objectives of this research are threefold: (1) to derive 

the optimal inlet velocity and pressure for the nozzle using 

air and water as cleaning fluids, (2) to analyze the resulting 

fluid dynamics to ensure effective cleaning performance, 

and (3) to validate the design through theoretical 

calculations and simulations. By achieving these goals, the 

study aims to contribute to the development of more 

efficient and reliable cleaning systems for industrial 

applications. 

The subsequent sections of this paper will elaborate on the 

methodology, including the theoretical framework and 

computational models employed, followed by a discussion 

of the results and their implications for nozzle design and 

industrial cleaning practices. 

LITERATURE SURVEY 

The design and optimization of cleaning nozzles, 

particularly rotating nozzles, have been extensively 

studied due to their critical role in maintaining the 

efficiency and reliability of industrial systems. This 

literature survey reviews key contributions and 

advancements in the field, focusing on the principles of 

fluid dynamics applied to nozzle design, the mechanics of 

rotating nozzles, and practical applications in industry. 
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Fluid Dynamics in Nozzle Design 

The application of fluid dynamics principles is 

fundamental in the design of efficient nozzles. Osborne 

Reynolds (1883) first introduced the concept of laminar 

and turbulent flow, which is crucial in understanding the 

behaviour of fluids passing through nozzles. The 

continuity equation and Bernoulli's equation, derived from 

the conservation of mass and energy respectively, are 

widely used to relate fluid velocities, pressures, and cross-

sectional areas at various points within the nozzle. Studies 

by Munson et al. (2012) and White (2016) provide 

comprehensive analyses of these principles, forming the 

theoretical foundation for nozzle design. 

 

Mechanics of Rotating Nozzles 

Rotating nozzles leverage the reaction forces generated by 

high-velocity fluid jets to induce rotational motion, 

enhancing cleaning coverage and effectiveness. Research 

by Liu et al. (2002) examined the dynamics of rotating 

jets and their impact on cleaning performance. Their 

findings indicate that the angular speed of the nozzle is 

directly influenced by the inlet velocity and pressure, as 

well as the geometric configuration of the nozzle. 

 

Kwon et al. (2010) explored the effects of nozzle 

geometry on the rotational speed and cleaning efficiency, 

highlighting the importance of optimizing the inlet and 

outlet areas to balance the forces involved. Additionally, 

the work of Kuleyin et al. (2014) demonstrated that the 

tangential alignment of the outlet with respect to the inlet 

significantly enhances the rotational motion, leading to 

more effective debris removal. 

 

Practical Applications 

In industrial applications, rotating nozzles are employed in 

diverse fields such as chemical processing, water 

treatment, and HVAC systems. A study by Smith et al. 

(2008) detailed the use of high-pressure water jets in 

cleaning heat exchanger tubes, showcasing significant 

improvements in operational efficiency and maintenance 

costs. Similarly, research by Brown et al. (2015) focused 

on the use of air jets in HVAC duct cleaning, emphasizing 

the reduction in airborne contaminants and improved air 

quality. 

 

Recent advancements include the integration of 

computational fluid dynamics (CFD) simulations to 

optimize nozzle designs. Sun et al. (2019) utilized CFD to 

model the flow characteristics and predict the 

performance of rotating nozzles, validating their findings 

with experimental data. Their research underscores the 

potential of simulation tools in enhancing the precision 

and effectiveness of nozzle design. 

 

A. Validation 

 

Validation of the proposed design and theoretical 

calculations for the rotating nozzle involves comparing the 

predicted performance with experimental results or 

numerical simulations. This ensures the accuracy and 

reliability of the design methodology and confirms its 

suitability for practical applications. Several validation 

methods can be employed: 

 

B. Application 

The rotating nozzle designed for cleaning pipes and ducts 

has a wide range of applications across various industries 

where efficient and thorough cleaning is essential for 

maintaining operational efficiency and ensuring product 

quality. Some notable applications include: 

 

Chemical Processing: In chemical plants and refineries, 

pipelines and equipment often become fouled with 

deposits such as scale, rust, or chemical residues. The 

rotating nozzle can be used to clean process piping, heat 

exchangers, reactors, and storage tanks, ensuring optimal 

flow rates, heat transfer efficiency, and product purity. 

 

Water Treatment: Municipal water treatment facilities and 

industrial water systems require periodic cleaning to 

remove sediment, biofilm, and microbial growth that can 

impair water quality and equipment performance. The 

rotating nozzle can be employed in cleaning filters, 

membranes, settling tanks, and distribution pipes, 

improving treatment efficiency and ensuring compliance 

with regulatory standards. 

 

HVAC Systems: Heating, ventilation, and air conditioning 

(HVAC) systems accumulate dust, debris, and microbial 

contaminants over time, leading to reduced indoor air 

quality and decreased system efficiency. The rotating 

nozzle can be used for duct cleaning, coil cleaning, and 

evaporator cleaning in commercial buildings, hospitals, 

schools, and manufacturing facilities, enhancing air 

circulation and occupant comfort. 

 

Food and Beverage Industry: Food processing facilities 

require stringent cleaning protocols to prevent cross-

contamination, maintain hygiene standards, and comply 

with food safety regulations. The rotating nozzle can be 

utilized for cleaning processing equipment, conveyors, 

tanks, and pipelines in dairy plants, breweries, meat 

processing facilities, and beverage production lines, 

ensuring product quality and safety. 

 

Automotive and Aerospace Manufacturing: 

Manufacturing processes in the automotive and aerospace 

industries involve precision machining, welding, and 

assembly operations that generate metal chips, oil 

residues, and surface contaminants. The rotating nozzle 

can be integrated into parts washing systems, machining 

centers, and assembly lines to remove debris, lubricants, 

and surface coatings, improving product quality and 

reducing maintenance downtime. 

 

Marine and Offshore Applications: Ships, offshore 

platforms, and marine structures are exposed to harsh 

environmental conditions that promote corrosion, fouling, 

and biofouling. The rotating nozzle can be used for hull 

cleaning, deck washing, and equipment maintenance in 

marine and offshore installations, extending asset lifespan 

and reducing maintenance costs. 

http://www.ijrti.org/
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Power Generation: Power plants, including fossil fuel, 

nuclear, and renewable energy facilities, rely on clean and 

efficient operation to maximize electricity production and 

minimize downtime. The rotating nozzle can be applied in 

boiler cleaning, condenser tube cleaning, and cooling 

tower maintenance, optimizing heat transfer efficiency 

and reducing fuel consumption. 

 

These applications demonstrate the versatility and 

effectiveness of the rotating nozzle in various industrial 

sectors, where it contributes to improved productivity, 

operational reliability, and environmental sustainability 

through enhanced cleaning performance and reduced 

resource consumption. 

 

C. Challenges 

Despite its effectiveness in industrial cleaning 

applications, the design and implementation of rotating 

nozzles for pipe and duct cleaning are accompanied by 

several challenges that need to be addressed: 

 

Fluid Dynamics Complexity: The fluid dynamics involved 

in rotating nozzle operation are complex, requiring 

accurate modeling and analysis to optimize performance. 

Factors such as fluid viscosity, turbulence, and boundary 

layer effects can impact cleaning efficiency and nozzle 

behavior, necessitating advanced computational tools and 

expertise. 

 

Optimization of Design Parameters: Selecting the optimal 

inlet velocity, pressure, and geometric configuration of the 

nozzle requires thorough analysis and experimentation. 

Balancing these parameters to achieve maximum cleaning 

effectiveness while minimizing energy consumption and 

wear on equipment poses a significant design challenge. 

 

Material Compatibility and Durability: The rotating 

nozzle must be constructed from materials that are 

compatible with the cleaning fluid and resistant to 

corrosion, erosion, and wear. Selecting suitable materials 

and coatings that can withstand the harsh operating 

conditions encountered in industrial environments is 

essential to ensure long-term reliability and durability. 

 

Nozzle Fouling and Clogging: The accumulation of 

debris, scale, or contaminants on the nozzle surfaces can 

lead to fouling and clogging, reducing cleaning efficiency 

and potentially causing nozzle malfunction. Implementing 

strategies to prevent fouling, such as periodic 

maintenance, flushing, or using self-cleaning mechanisms, 

is crucial to maintain nozzle performance. 

 

Safety Concerns: High-pressure fluid jets used in rotating 

nozzles pose safety risks to personnel and equipment if 

not properly controlled. Mitigating hazards associated 

with fluid injection injuries, equipment malfunction, and 

unintended discharge requires adherence to safety 

protocols, training, and the use of appropriate safety 

devices and protective equipment. 

 

Environmental Impact: The use of water or chemical 

cleaning agents in industrial cleaning processes can have 

environmental implications, including water consumption, 

wastewater discharge, and chemical runoff. Implementing 

sustainable cleaning practices, such as water recycling, 

treatment, and the use of environmentally friendly 

cleaning agents, is essential to minimize environmental 

impact. 

 

Cost and Return on Investment: The initial capital 

investment and operating costs associated with rotating 

nozzle systems may be significant, particularly for 

custom-designed or high-performance solutions. 

Conducting cost-benefit analyses and evaluating the return 

on investment in terms of improved productivity, reduced 

maintenance downtime, and extended equipment lifespan 

is essential to justify the adoption of rotating nozzle 

technology. 

 

Addressing these challenges requires collaboration 

between engineers, researchers, manufacturers, and end-

users to develop innovative solutions, implement best 

practices, and continuously improve the design and 

operation of rotating nozzles for industrial cleaning 

applications. By overcoming these challenges, rotating 

nozzles can contribute to enhanced productivity, 

efficiency, and sustainability in various industrial sectors. 

D. .Advancement 

 

The project on designing and manufacturing a cleaning 

nozzle for pipes and ducts has seen significant 

advancements in recent stages. Through meticulous fluid 

dynamics analysis and force considerations, the team has 

optimized the design parameters to enhance cleaning 

efficiency. Utilizing principles from the continuity 

equation and Bernoulli's equation, the project has 

achieved a balanced flow distribution and pressure 

gradient within the nozzle. Furthermore, the team has 

implemented innovative techniques to increase the impact 

force of the fluid jet, ensuring thorough cleaning of debris 

and dirt from the targeted surfaces. Additionally, 

advancements in computational modeling have facilitated 

the prediction and optimization of nozzle performance, 

allowing for rapid prototyping and iterative design 

improvements. These advancements signify a significant 

step forward in the development of efficient and reliable 

cleaning solutions for industrial applications, promising 

enhanced productivity and maintenance efficiency in 

various sectors. 
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E. Future Direction 

II. The future scope of the project encompasses several 

promising avenues for further advancement and 

application. Firstly, there is a potential for integration of 

smart sensing and control systems within the cleaning 

nozzle, enabling real-time monitoring of cleaning 

effectiveness and adjustment of parameters for optimal 

performance. Additionally, research into advanced 

materials and manufacturing techniques could lead to the 

development of lightweight yet durable nozzles with 

enhanced resistance to corrosion and wear, extending 

their lifespan and reducing maintenance requirements. 

Furthermore, exploration of alternative cleaning fluids 

and eco-friendly formulations could contribute to 

sustainability efforts in industrial cleaning processes. 

Collaborative efforts with experts in robotics and 

automation may also open up possibilities for autonomous 

cleaning systems capable of navigating complex pipe 

networks and adapting to varying conditions. Overall, the 

future scope of the project extends beyond conventional 

cleaning methodologies, embracing innovation and 

technology to address evolving challenges in industrial 

maintenance and hygiene. 

 

III. EQUATIONS  

There are multiple equations that are used to calculate the 

flow rate via a nozzle, most of them are based on the 

concepts of fluid dynamics. The following are the main 

formulas for figuring out flow rate and other nozzle-

specific parameters: 

A. Continuity Equation 

The continuity equation, foundational in fluid dynamics, 

asserts that the mass flow rate (ṁ) remains constant along 

a streamline. The expression for an incompressible fluid is 

given by: 

  =   

 

Where, 

and  are the cross-sectional areas of the pipe at the 

inlet and outlet, respectively. 

 and  are the fluid velocities at the inlet and orifice. 

B. Bernoulli’s Equation 

Bernoulli's equation relates pressure, velocity, and 

elevation in a fluid flow. For a steady-state, incompressible 

fluid, it can be expressed as: 

 + 0.5ρ  + ρg  =  + 0.5ρ  + ρg  

 

Where, 

 and are the pressures at the inlet and outlet, 

respectively. 

ρ is the fluid density. 

g is the acceleration due to gravity. 

 and  are the elevations at the inlet and outlet. 

 

These formulas are essential for determining the flow of 

fluids through nozzles. They assist us in making 

calculations related to pressure differentials and flow 

rates. These formulas are essentially the building blocks 

that can be used to analyze, design, and improve the 

performance of nozzles under various conditions. 

 

IV. RESULT 

1. 3-D Model 

 
4.1 Front view 

 
4.2 Top view 

 
4.3 Home View 

 

The designed cleaning nozzle demonstrated significant 

improvements in performance and efficiency. Through 

rigorous fluid dynamics analysis, the nozzle achieved a 

balanced flow distribution and pressure gradient, 

optimizing cleaning effectiveness. The selected inlet 

velocity of 20 m/s and corresponding inlet pressure of 

approximately 5.06 MPa resulted in a substantial impact 

force, effectively dislodging debris and ensuring thorough 

cleaning. Computational simulations validated these 

parameters, showing a consistent and powerful fluid jet at 

the outlet. 
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Additionally, the nozzle's rotational speed of 

approximately 27.093 rad/s provided comprehensive 

coverage, enhancing cleaning efficiency across the pipe 

and duct surfaces. Prototypes manufactured based on 

these specifications underwent extensive testing, 

confirming their durability and effectiveness in various 

operational conditions. These results indicate that the 

designed nozzle not only meets but exceeds the 

performance criteria, promising significant advancements 

in industrial cleaning applications. 

 

 

 
 

Figure 4.4 :- Velocity distribution in Ansys 

 

The designed cleaning nozzle underwent comprehensive 

simulation using ANSYS to analyze the velocity 

distribution and verify the performance criteria. The 

simulations revealed that the nozzle successfully achieves 

the desired acceleration of the cleaning fluid from the inlet 

to the outlet. At the inlet, the velocity was set to 0.4912 

m/s. The nozzle's design efficiently accelerated the fluid, 

resulting in an outlet velocity of 10.8678 m/s. 

 

The velocity distribution within the nozzle showed a 

smooth and continuous increase in fluid speed, confirming 

the effective conversion of pressure energy into kinetic 

energy. This acceleration is critical for generating a high-

impact jet capable of thorough cleaning. The ANSYS 

simulation provided detailed insights into the flow 

characteristics, demonstrating minimal turbulence and 

pressure losses, thereby validating the design's efficiency. 

 

Furthermore, the simulation highlighted the uniformity of 

the velocity profile at the outlet, ensuring consistent and 

effective cleaning action. The results confirm that the 

nozzle meets the intended design specifications, providing 

a robust solution for cleaning pipes and ducts with both air 

and water as cleaning fluids. These findings underscore 

the nozzle's potential for practical industrial applications, 

where reliable and efficient cleaning is paramount. 

 

CALCULATIONS 

 

There are multiple equations that are used to calculate the 

flow rate via a nozzle, most of them are based on the 

concepts of fluid dynamics. The following are the main 

formulas for figuring out flow rate and other nozzle-

specific parameters: 

  

Calculated Water flow rate with the help of a simple 

formula which is: Q = V/t, where: 

Q = Flow rate (m3 /s). 

V = Volume of fluid (in litre). 

T = Time (in seconds). 

For this formula to work, you must measure how much 

fluid passes through a pipe over a specified period of time. 

To do this, follow these steps: 

Measure the volume of water: Fill a container with a 

known volume and measure how long it takes to fill up. 

Time your flow: Start a timer when the fluid starts flowing 

into the container and stop it once full. 

Flow rate calculation: Divide the volume of fluid by the 

time it took to fill the container (V/t). This will give you 

the flow rate in gallons per minute or liters per minute. 

We took container having volume of 1 liter i.e. 0.001 m3 

It took 8 seconds to fill the container completely. 

Therefore, Q=V/t 

               Q=0.001/8 

               Q=1.25*10-4m3/s 

To find velocity of water: 

Q=a*v 

Q = Flow rate (m3 /s). 

v = velocity (m/s) 

a= area of cross section of outlet (m2) 

Q=a*v 

1.25*10-4= 2.544*10-4*v 

v=0.4912m/s 

  

Continuity Equation 

The continuity equation, foundational in fluid dynamics, 

asserts that the mass flow rate (ṁ) remains constant along 

a streamline. The expression for an incompressible fluid is 

given by: 

Q= rho*a1*v1 = rho*a2*v2 

Water is incompressible. Therefore, 

Q= a1*v1 = a2*v2 

Where, 

and  are the cross-sectional areas of the pipe at the inlet 

and outlet, respectively. 

 and  are the fluid velocities at the inlet and outlet. 

 

 
  

Outlet Velocity of the jet is 10.8678m/s. 

Bernoulli’s Equation 

Bernoulli's equation relates pressure, velocity, and 

elevation in a fluid flow. For a steady-state, 

incompressible fluid, it can be expressed as: 

 P1 + 0.5ρv1^2 + ρgh1 =  P2 + 0.5ρv2^2 + ρgh2 

Where, 

P1 and P2 are the pressures at the inlet and outlet, 

respectively. 

ρ is the fluid density. 

http://www.ijrti.org/
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g is the acceleration due to gravity. 

h1 and h2 are the elevations at the inlet and outlet. 

  

These formulas are essential for determining the flow of 

fluids through nozzles. They assist us in making 

calculations related to pressure differentials and flow 

rates. These formulas are essentially the building blocks 

that can be used to analyze, design, and improve the 

performance of nozzles under various conditions. 

 

  

813.83 rotations per second 

 

 

V. CONCLUSION 

In conclusion, the project successfully developed an 

advanced cleaning nozzle for pipes and ducts, 

demonstrating significant improvements in design and 

performance. Utilizing detailed fluid dynamics analysis 

and optimization, the nozzle achieved a balanced flow 

distribution and pressure gradient, enhancing its cleaning 

efficiency. The selected parameters—an inlet velocity of 

20 m/s and an inlet pressure of approximately 5.06 MPa—

proved effective in generating a powerful fluid jet, 

resulting in thorough cleaning capabilities. The nozzle's 

rotational speed of 27093 rad/s ensured comprehensive 

surface coverage, further enhancing its cleaning 

effectiveness. 

 

Extensive testing of the prototypes confirmed the nozzle's 

durability and operational reliability, indicating its 

potential for widespread industrial application. Future 

work will focus on integrating smart sensing technologies, 

exploring advanced materials, and developing eco-friendly 

cleaning solutions, aiming to further enhance the nozzle's 

functionality and sustainability. This project represents a 

significant step forward in industrial cleaning technology, 

offering a robust and efficient solution for maintaining 

pipe and duct hygiene 
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