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Abstract : This study focuses on optimizing the design of a ceiling fan to improve air circulation and energy efficiency. It utilizes 

SolidWorks CAD software, physical testing and Computational Fluid Dynamics (CFD) to explore design variables like angle of 

attack and rake angle. Through systematic testing and validation at LIT AIR PVT LTD, it evaluates performance metrics such as 

volume and mass flow rates, RPM, torque, and energy efficiency. The goal is to enhance flow field variables and achieve BEE star 

ratings, ensuring compliance with energy efficiency standards. The study results in optimized blade configurations that enhance 

both energy efficiency and air delivery performance of the fan. 
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1.1INTRODUCTION 

The global rise in energy demand, increasing by 1.7% annually, poses significant challenges, particularly in developing countries 

such as India. These regions heavily depend on imported non-renewable energy sources like petroleum, natural gas, and coal. In 

India, subtropical climates experience scorching summer temperatures reaching up to 52°C, accompanied by heatwaves and 

minimal rainfall. 

 

Ceiling fans are essential for achieving thermal comfort in these conditions, offering a cost-effective alternative to air conditioning 

systems (ACS). Despite their lower energy consumption compared to ACS, the demand for cooling solutions has led to a 25% 

increase in energy consumption over the past four years. Without intervention, projections suggest energy demand could surge by 

up to 85% by 2025. 

 

In India, the Bureau of Energy Efficiency (BEE) regulates ceiling fan efficiency based on energy consumption and Service Value 

(SV), which measures air delivery per watt. For a ceiling fan to be classified as efficient, it must achieve an SV above 4. A 5-star 

rating, indicating highly efficient performance, requires an SV exceeding 6. These criteria aim to promote energy conservation and 

reduce reliance on fossil fuels, crucial steps in addressing the escalating energy demands in subtropical regions. 

Table 1.1: BEE STAR rating according to the Service Value. 

Star Rating Index Calculation for Ceiling Fans 

Star Rating   Service Value for Ceiling Fans 

1 Star ≥ 4.0 to < 4.5 

2 Star ≥ 4.5 to < 5.0 

3 Star ≥ 5.0 to < 5.5 

4 Star ≥ 5.5 to < 6.0 

5 Star ≥ 6.0 
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2.1 Experimentation  
 Experiments are a systematic method used to plan, execute, analyse, and interpret tests or trials. Their aim is to obtain 

valid and reliable results while minimizing the number of trials needed. This method is widely used in engineering, manufacturing, 

quality control, and scientific research. It plays a crucial role in optimizing processes, improving product quality, and understanding 

the relationship between input variables and output responses in various domains. 

 

2.2 Trial and error method  

            Trial and error is an iterative problem-solving approach involving testing multiple solutions until finding the effective one. 

It's valuable in uncertain or complex situations, allowing for learning from mistakes and incremental progress towards achieving 

goals. 

This research focuses on the optimization of the 1200mm ceiling fan without changing its key factors like RPM, power in watts, 

thickness, length of the blade etc and in turn reducing the power consumption so as to find a perfect product market fit for the same. 

Hence various research papers were referred and studied and some key factors along with degree or levels to which they can be 

changed or manipulated were identified to help us attain the objective. 

These factors include:Rake Angle, Twist Angle, Material Selection , Side Bend Angle,Centre bend Angle. 

The best among these factors were directly implemented and kept constant to reduce the trials as much as possible and the rest of 

the factors were then taken as a set of combinations to be varied. Key variables include blade design (shape, material), motor speed 

(RPM), and blade pitch (angle of attack). A table 2.1 of the factors and levels for their different probable combination is mentioned 

below 

Combinations 

Table 2.1: Levels of angle 

FACTORS LEVELS 

1 2 3 

TWIST ANGLE 8.5 8.7 9 

RAKE ANGLE 4 5 - 

           There are 2 rake angle values and 3 twist angle values as mentioned in the table no.2.1 Multiplying the factors and their 

levels (2x3), a total of 6 combinations are obtained. Implying that 6 test results to be obtained from the optimization testing.  

           These factors and levels along with other key factors discussed above are taken in combinations and implemented in the test 

blade set available, consisting of 3 aluminum blades one by one. These blades are fixed to an already available hub containing a 

stator-motor. These physical models are tested in the test setup called an Air Delivery room  and the observations are made, various 

calculations are conducted and the results for the same are tabulated. These combinations were implemented and observed for their 

impact on energy efficiency, airflow patterns and air delivery.  

          The trials are concluded successfully once the objective is met i.e. obtaining an Air delivery above 218 CMM. Further the 

result of the best test unit combination is run  using computational fluid dynamics (CFD) method in Ansys software to understand 

the flow field parameters. This will further ensure effectiveness and reliability of the results in improving ceiling fan performance. 

Implementation of these findings in ceiling fan design and manufacturing processes aims to achieve enhanced performance, 

promoting energy-efficient solutions for indoor environments. 

 

 

3.1 Physical testing 

3.1.1Setup of Testing Chamber 

   The testing chamber, built to IS 374 (2019) specifications, measures 4.5m x 4.5m with a 3m high ceiling. It is meticulously 

prepared to ensure unimpeded airflow and appropriate ventilation, critical for maintaining consistent testing conditions. A cylinder, 

slightly larger than the fan's blade span, is securely positioned at the chamber's centre. This setup facilitates accurate evaluation of 

airflow patterns and distribution, essential for assessing and optimizing ceiling fan performance in controlled experimental settings. 

 
3.1.2 Setting of the blade angles 

              The test blades of the ceiling fan were first mounted on a blade stand to the set angles of the ceiling fan. They mounted on 

a stand and held tightly with the help of a locking nut. The angles are measured with the help of the measuring instruments like 

Bevel Protractor, Vernier height gauge. and then twisted to required angles using a bending tool.  
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3.1.3 Fan Installation 

             Install the ceiling fan in accordance with the industries instructions within the testing chamber. Verify secure mounting and 

proper assembly of all components to ensure accurate testing conditions and reliable evaluation of performance metrics such as 

airflow dynamics and noise levels 

 

3.1.4 Instrumentation Setup 
             Position airflow velocity sensors at the bottom of the cylinder. Begin by placing sensors at 0mm (directly beneath the centre 

of the ceiling fan), followed by intervals of 40mm and subsequent 80mm radial distances from the cylinder's centre. Ensure 

calibration of all airflow velocity sensors to maintain precision and consistency in measuring airflow dynamics across different 

points within the testing chamber. 

 

3.1.5 Data Collection 

  Record airflow velocity readings from each sensor along axes A1, A2, A3, and A4 at the highest speed setting of the 

ceiling fan. Take multiple readings (approximately 8 readings) at each position setting to ensure precise measurement and 

consistency in capturing airflow velocities across different radial distances from the centre of the cylinder within the testing 

chamber. 

 

3.1.6 Calculation of Average Velocity 

  Calculate the average airflow velocity for the highest speed setting by averaging the velocity readings from all sensors. 

            

3.1.7 Calculation of Total Airflow (CMM) 

  Calculate the area covered by the sensors within the cylinder. Multiply the average airflow velocity by this area to 

determine the total airflow or Air Delivery (AD) in cubic meters per minute (CMM) for each angle setting of the ceiling fan 

              

3.1.8 Analysis 

  Analyse the collected data using Trial and Error methods to assess the ceiling fan's performance across various 

combinations of settings. Compare airflow patterns and calculate total Air Delivery (AD) in cubic meters per minute (CMM) at 

different blade angle settings. Identify any anomalies or deviations from expected performance to refine understanding and optimize 

fan efficiency and effectiveness. 

 

             

3.1.9 Calculation of service value (SV) 

  Analyse the collected data using Trial and Error methods to assess the ceiling fan's performance across various 

combinations of settings. Compare airflow patterns and calculate total Air Delivery (AD) in cubic meters per minute (CMM) at 

different blade angle settings. Identify any anomalies or deviations from expected performance to refine understanding and optimize 

fan efficiency and effectiveness. 

             

3.1.10 Reporting 

  The test procedures, collected data and analysis report were compiled into a comprehensive report. This test report includes 

all the observations that were made, deviations or conclusions that were drawn during the testing process ensuring the results strictly 

adheres to the guidelines mentioned in IS 374(2019) 

              

3.1.11 Verification and Documentation 

  Ensure the fan complies with applicable regulatory standards and adheres to industry specifications for Air Delivery (AD). 

Document the complete testing procedure, results, and pertinent details for future reference, quality control, and certification 

purposes. This comprehensive documentation supports verification of performance metrics and ensures consistency in meeting 

established standards and specifications. 
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   Fig 3.1: Fan fixing region of AD room 

 

 

Fig 3.2: Setup of Air Delivery Room along A1, A2 plane. 
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Fig 3.3: Setup of Air Delivery Room along A3, A4 plane. 

 

        Fig 3.4: Dimension of Air Delivery Room (25) 

3.3 Observations and Tabulations  

          

3.3.1 Combination 1 
Table 3.1: Combination 1   

Test Unit TWIST ANGLE RAKE ANGLE 

1 8.7 5 

Here, in this combination the twist angle given is 8.7 degrees and the rake angle set is to 5 degrees. 
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Table 3.2: Test report of Test unit 1 

 

 As a result, an Air delivery of 188CMM was obtained. This brings the SV to 5.89 and gives the fan a star rating of 4. 

 

 

3.3.2 Combination 2 

Table no 3.3: Combination 2 

Test Unit TWIST ANGLE RAKE ANGLE 

2 9 5 

Here, in this combination the twist angle given is 9 degrees and the rake angle set is to 5 degrees. 
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Table 3.4: Test report of Test unit 2    

 

As a result, an Air delivery of 190CMM was obtained. This brings the SV to 6.35 and gives the fan a star rating of 5. 

 

 3.3.3 Combination 3 

Table 3.5: Combination 3   

Test Unit TWIST ANGLE RAKE ANGLE 

3    8.7 4 

Here, in this combination the twist angle given is 8.7 degrees and the rake angle set is to 4 degrees. 
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Table 3.6: Test report of Test unit 3 

 

 As a result, an Air delivery of 191CMM was obtained. This brings the SV to 6.56 and gives the fan a star rating of 5. 

 

3.3.4  Combination 4 

Table 3.7: Combination 4   

Test Unit TWIST ANGLE RAKE ANGLE 

4   9 4 

Here, in this combination the twist angle given is 9 degrees and the rake angle set is to 4 degrees. 

 

 

 

 

 

 

http://www.ijrti.org/


                                                          © 2024 IJNRD | Volume 9, Issue 6 June 2024| ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2406460 International Journal Of Novel Research And Development (www.ijnrd.org) 
 

 

e655 
c655 

Table 3.8: Test report of Test unit 4 

 

 As a result, an Air delivery of 171 CMM was obtained. This brings the SV to 5.99 and gives the fan a star rating of 4. 

 

  

3.3.5 Combination 5 

Table 3.9: Combination 5 

Test Unit TWIST ANGLE RAKE ANGLE 

5    8.5 4 

Here, in this combination the twist angle given is 8.5 degrees and the rake angle set is to 4 degrees. 
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Table 3.10: Test report of Test unit 5 

 

 As a result, an Air delivery of 191.5 CMM was obtained. This brings the SV to 5.23 and gives the fan a star rating of 4. 

  

3.3.6 Combination 6 

Table 3.11: Combination 6  

Test Unit TWIST ANGLE RAKE ANGLE 

5    8.5 5 

Here, in this combination the twist angle given is 8.5 degrees and the rake angle set is to 5 degrees. 
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Table 3.12: Test report of Test unit 6 

 

 As a result, an Air delivery of 222.20 CMM was obtained. This brings the SV to 7.56 and gives the fan a star rating of 6. 

A compiled result of all these factors and their levels are depicted in the graph (fig3.5). The graph (fig3.5) of air delivery V/s the 

Twist angles is shown in the graph. It clearly explains how the air delivery varies when the twist angle of a particular fan is varied 

keeping the rake angle constant. 
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Fig 3.5: Air delivery V/s the Twist angles graph 

4.1Computational Fluid Dynamics (CFD) Simulation  

 To simulate the performance and understand the results obtained through Experimentation With the velocity profile and 

streamline pattern of a ceiling fan using Computational Fluid Dynamics (CFD) in ANSYS Fluent, the fan design is initially created 

in SolidWorks and then imported into ANSYS. The Fluid Flow (Fluent) analysis system is selected for the simulation. A circular 

enclosure is constructed around the fan to model the airflow volume, treating the fan as a stationary obstruction rather than modeling 

its continuous rotation. Meshing is applied to the entire assembly and enclosure, with. Key input parameters, including rotational 

speed (rpm), material properties, and the rotation axis, are set before running the simulation. The velocity profile and other results 

are recorded to analyse the airflow dynamics around the fan. 

 

4.1.1 Meshing  

 In this study, the mesh was generated using ANSYS 2021 R2 version. Meshing involves dividing a complex geometry 

into smaller elements (such as triangles or quadrilaterals in 2D, and tetrahedrons or hexahedrons in 3D) to enable numerical analysis. 

The room shown in Fig 4.1 is divided into a finite number of control volumes and grid points. The mesh near the fan is fine and 

detailed, with an element size of 3.7094m used for the room. 

 

Fig 4.1: meshing 
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4.1.2 Simulation 

 Computational fluid dynamics (CFD) has been widely and effectively applied in numerous complex applications. In this 

context, Fluent is utilized for conducting fluid-based simulations. The airflow generated by a roof fan is highly turbulent. Air flow 

is depicted with the help of streamlines. 

 

  Fig 8.2: CFD Simulation   
 In the fig 8.2, the velocity profile is depicted. The areas marked in red indicate maximum velocity, while those in blue 

indicate minimum velocity. This reveals that the centre of the fan exhibits the lowest velocity, whereas the periphery shows the 

highest velocity.  

The velocity of the streamlines ranges from 0.0 m/s to 2.83 m/s, highlighting the dynamic nature of the airflow. The highest value 

of the velocity obtained is 2.83m/s. A clear flow pattern of the streamlines is seen in the room which helps us to understand the 

flow of the air at various locations for our best combination fan selected from physical testing. 

  

 

5.1 Conclusion 

 The aim of the project was to design an optimized model of ceiling fan that will reduce the power consumption or give a 

higher air delivery so as to obtain a higher service value. Various research papers were referred to and studied thoroughly to 

understand the working and the various factors which would help in increasing the performance of the ceiling fan. 

Various blade angle combinations to determine their impact on efficiency were explored. Optimization testing identified optimal 

blade angles for improved air delivery and reduced power consumption, supported by rigorous mathematical analysis. 

SolidWorks software was used to create ceiling fan model for validation, followed by Computational Fluid Dynamics (CFD) 

simulations to analyse airflow dynamics and velocity profiles. 

This integrated approach ensured our design enhancements were validated, optimized and successful for real-world application. 
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