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

IJNRD.ORG ISSN : 2456-4184 -

INTERNATIONAL JOURNAL OF NOVEL RESEARCH
‘ o AND DEVELOPMENT (IJNRD) | JNRD.ORG
RD Anlnternational Open Access, Peer-reviewed, Refereed Journal

Researe! h Through Innova tion

Optimization of a 1200mm Ceiling Fan: Blade
Angle Modification and Velocity Profile Analysis
Using CFD

1Kenneth Fernandes, 2Sairaj Sawant, *Omkar Parab,*Omkar Sinari, *Kaushik Shetye, ¢ Prof.Nikhil Berde.
Department of Mechanical Engineering Agnel Institute of Technology and Design Assago, Goa.

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.

Keywords— Ceiling fan design, Energy efficiency, Computational Fluid Dynamics (CFD), Design variables, physical testing, BEE
star ratings.

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 >40to <45

> Star >45t0 <50

3 Star >50to <55

4 Star >55t0<6.0

5 Star 260
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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 s

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 1S 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 0Omm (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 Al, 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.
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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.

IJ]NRD2406460 International Journal Of Novel Research And Development (www.ijnrd.org


http://www.ijrti.org/

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

Table 3.2: Test report of Test unit 1

Note: Please note above correction factor details for existing

For new

s, correction factor to be entered accordingly for ALA2,A3 and A4 semi di

Model Name Test Unit 1 Capacitor 0.00 MFD Test start Time 11:58
Sweep 1200.00 MM Wattage 32.00 Watt Test end Time 13:19
Voltage 230.00 Volts Speed 355.00 RPM
Fraguency 50.00 Hz Blade Angle 8.7,5 11.8 DEG
Blade Material / Profile S.B (ALU.)
Actual Air Actual Air Aerage
Measured Velocity Actual Air Measured Velocity | Actual Alr Actusl Al Multiplying | Total Air
Mean A1 Sem Diagonal (M / Sec) Air Velocity | (M/sec) Velocity A2 Semi Diagonal (M / Sec) Alr Velocity | (M/sec) Velocity Veloclty Factor Delivery
St.No Radius (M/sec) | (Correction | (M/min) (Mfsec) | (Correction | (M/min) (Mfmin) (cnmm)
(MM) Factor) Factor)
1 2 3 4 H [ 7 8 1 z 3 4 5 b 7 8
1 40 209 | 222 [ 237 | 204 | 235 | 243 | 232 [ 1M 228 2.28 13650 | 221 | 243 | 262 | 207 [ 278 | 214 | 184 | 265 234 234 140.55 138.53 1 280
2 120 284 | 258 | 252 | 254 | 255 | 248 | 275 | 247 260 2,60 15578 | 233 | 318 | 272 | 296 | 297 | 283 | 307 | 25 283 283 169.65 162.71 3 986
3 200 302 | 269 [ 316 | 271 | 263 | 262 | 267 | 283 219 219 16748 | 273 | 312 | 283 | 256 | 258 | 283 | 307 | 273 281 281 168.38 167.93 5 16.96
4 280 307 | 308 [ 288 | 321 | 311 [324 [320 (311 311 311 186,75 [ 312 | 303 | 299 | 336 [ 316 | 286 | 316 | 30 EBSI 311 186.60 186.68 7 2640
5 360 276 | 316 [ 321 | 315 | 325 [ 332 [ 330 [319 317 317 19005 | 252 | 305 | 317 | 300 | 285 | 286 | 316 | 290 299 299 179.33 184.69 5 3358
[] 440 258 | 270 | 264 | 283 | 2594 | 298 | 28 | 282 286 286 17138 | 239 | 240 | 237 | 241 | 236 | 215 | 232 | 216 232 232 139.20 155.29 11 3450
7 520 201 | 204 | 217 | 213 | 245 | 222 | 244 | 261 226 2.26 13553 | 125 | 185 | 169 | 194 [ 172 | 153 | 162 | 175 167 167 100.13 117.83 13 3054
8 600 134 | 149 | 141 | 156 [ 128 | 126 | 125 | 140 137 137 8243 [ 108 | 081 | 118 | 073 [ 054 | 086 | 088 | 088 0.92 0.92 55.20 68.81 15 2085
El 680 055 | 087 | 0.87 | 046 | 059 | 057 | 067 | 0.63 (.65 0.65 3508 [084 | 063 | 059 [038 | 028 | 058 | 057 | 081 0.59 .59 35.10 37.09 17 1274
10 760 000 | 000 | 000|023 | 000|000 (022|022 0.08 0.08 5.03 000 | 000 | 023 | 000 | 0.22 | 000 | 036 | 0.2 0.13 0.13 1.65 6.34 1% 0.00
1 840 0.00 | 000 000 |000 | 000|000 (000 (000 0.00 0.00 0.00 000 | 0.00 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00 0.00 0.00 21 0.00
12 520 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 0.00 0.00 0.00 000 | 0.0 | 0.00 | 000 | .00 | 000 | O.OD | C.O0 0.00 0.00 0.00 0.00 3 0.00
13 1000 | 0.00 | 000 | 0.00 | 000 | 000 | 000|000 |0.00 0.00 0.00 0.00 000 | 0.00 | 0.00 | 0.00 | .00 | 0.00 | 00D | 0.00 0.00 0.00 0.00 0.00 25 0.00
14 1080 | 000 | 000 | 0.00 | 0.00 | 000 | 000 | 000 |0.00 0.00 0.00 0.00 000 | 0.00 | 0.00 | 0.00 | .00 | 0.00 | 00D | 0.00 0.00 0.00 0.00 0.00 27 0.00
15 1160 | 000 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 000 | 0.00 0.00 0.00 0.00 000 | 0.00 | 0.00 | 0.00 | 000 | 0.00 | 00D | 0.00 0.00 0.00 0.00 0.00 29 0.00
16 1240 | 000 | 000 | 000 | 000 | QOO0 | 000 | 000 | 000 0.00 0.00 0.00 000 | 0.0 | 0.00 | 000 | .00 | 000 | O.OD | C.O0 0.00 0.00 0.00 0.00 i 0.00
188.62
Alr Delivery : 18260 CMM
Peak Velocity : 187 M/Min Correction Factor Correction Factor
Service Value : 589 CMM/W Air Velacity Range For Anemometer-1 Alr Velacity Range For Anemometer-2
MF AF MF AF
0<1mfs 1 0 0<1m/s 1 0
>1< 3mfs 1 0 >1< Imfs 1 0
=325m/s 1 0 >3£5mfs 1 0

As aresult, 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

9

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

Note: Please note above correction factor detalls for existing

Far new

s, correction factor to be entered accordingly for AL and A2 sem di

iviodel Name Test Unit 2 Capacitor 0.00 MFD Test start Time
Sweep 1200.00 MM Wattage 30.00 Watt Test end Time
Voltage 230.00 Volts Speed 32000 RPM
Freguency 50.00 Hz Blade Angle 95118 DEG
Blade Material / Profile 5.8 (ALU.)
Actual Air Actual Air Average
Measured Velocity Actual Air Measured Velocity Actual Alr Actual Alr Multiplying | Tatal Air
Mean A1 Semi Diaganal (M [ Sec) Alr Velocity |~ (M/sec) Velocity A2 Semi Diagonal (M / Sec) Air Velocity | (M/sec) Velocity Veloclty Factor Delivery
5r.No Radius (M/sec) | (Correction | (M/min) (M/fsec) | (Correction | (M/min) (Mfmin) (chm)
(M) Factor) Factor)
1 2 3 4 5 [ 7 8 1 2z 3 4 5 [ 7 8
1 40 155 [ 136 [ 198 | 210 | 164 [ 184 | 205 | 206 187 187 11235 | 201 | 236 | 207 | 242 | 237 | 230 | 217 | 235 126 2.26 135.38 123.86 1 250
2 120 179 | 243 257 | 214 | 222 | 200 | 202 | 257 223 223 13358 | 257 | 254 | 236 | 264 | 247 | 252 | 257 | 258 153 253 151.88 142.73 3 865
3 200 264 | 274 | 257 | 257 | 264 | 265 | 262 | 274 265 265 15878 | 274 | 298 | 285 | 288 | 271 | 280 | 306 | 3.08 290 250 174.00 166.39 5 16.81
4 280 289 | 274 [272 | 313 | 275 [ 308 | 254 | 114 287 287 17243 | 314 | 315 | 317 | 335 | 312 | 317 | 222 | 305 .02 3.02 181.28 176.85 7 2501
5 360 300 [ 310 [315 ) 289 | 294 [279 | 312 | 303 3.00 3.00 180.15 | 2.85 | 290 | 299 | 3.00 | 286 | 299 | 282 | 299 193 2.93 17550 177.83 9 3233
[ 440 257 | 270 | 240 | 248 | 276 | 280 | 275 | 278 263 263 15788 | 229 | 258 | 227 | 219 | 220 | 240 | 200 | 211 126 2.26 135.30 146.59 1 3257
7 520 218 | 180 [ 212 | 213 | 203 (196 | 186 | 233 206 205 12308 | 157 | 158 | 179 | 156 | 1.35 | 147 | 169 | 147 156 1.56 93.60 108.34 13 2845
8 500 126 | 107 [103 | 102 | 128 [110 | 087 | 153 116 116 6945 | 101 (098 | 112 | 1.03 | 1.36 | 085 | 105 | 119 1.09 1.09 65.18 67.31 15 2040
El 680 0.75 | 077 [080 | 105 | 087 [ 087 | 076 | 1.08 0.87 0.87 5213 | 067 | 086 | 0.67 | 067 | 0.84 | DBR | 0.72 | 0,66 0.72 0.72 43.28 47.70 17 16.38
10 760 033 [ 055 [045 | 028 | 035 [ 035 | 039 | 0.62 0.42 042 2450 | 0.28 [ 036 | 010 | 012 [ 025 | 0.26 | 030 | 0.16 0.23 0.23 13.73 19.31 19 741
1 B40 0.00 | 000 000 | 000 | 000 000 | 000|000 0.00 0.00 0.00 0.00 | 0.00 | 000 | 0.O0 | 0.00 | 00O | 0.00 | .00 0.00 0.00 0.00 0.00 21 0.00
12 920 0.00 | 000 000 | 000 | 000 [000 | 000|000 0.00 0.00 0.00 0.00 | 0.00 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | .00 0.00 0.00 0.00 0.00 FE! 0.00
13 1000 0.00 | 000 (000 | 000 | 000 [000 | 000 | 0.00 0.00 0.00 0.00 0.00 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00 0.00 0.00 25 0.00
14 1080 0.00 | 000 [000 | 000 | 000 [000 | 000 | 0.00 0.00 0.00 0.00 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00 0.00 0.00 27 0.00
15 1160 0.00 | 000 [000 | 000|000 (000 |000]000 0.00 0.00 0.00 0.00 | 0.00 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00 0.00 0.00 29 0.00
16 1240 0.00 | 000 000 | 000 | 000 000 | 000|000 0.00 0.00 0.00 0.00 | 0.00 | 000 | 0.O0 | 0.00 | 00O | 0.00 | .00 0.00 0.00 0.00 0.00 Eil 0.00
190.50
Alr Delivery : 19050  CMM
Peak Velocity : 178 M/ Min Correction Factor Correction Factor
Service Value : 635 CMM/W Alr Velocity Range For Anemometer-1 Alr Velocity Range For Anemometer-2
MF AF MF AF
0<imfs 1 0 0<imfs 1 0
1< 3imfs 1 0 1< 3mfs 1 0
>3<5mfs 1 0 >3<5mfs 1 0

As aresult, 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

Model Name Test Unit 3 Capacitor 0.00 MFD Test start Time
Sweep 1200.00 MM Wattage 202 Watt Test end Time
Voltage 230.00 Volis Speed 370.00 RPM
Fraquency 50.00 Hz Blade Angle 8714118 DEG
Blade Material / Profile SB(ALU)
Actual Air Actual Alr Average
Measured | Velocity | Actual Al Measured | Velocity | Actual Alr Actual A Multiplying | Total Alr
Mean A1 Semi Diagonal (M / Sec) AlrVelocity | (M/sec) | Velocity A2 Semi Diagonal (M / Sec) Air Velacity | (M/sec) | Velocity Velodity Fattor | Delivery
stNo | Radius (M/sec) | (Correction | (M/min) (M/sec) | (Correction | [M/min) Mimin (cham)
(M) Factor) Factor]
1 2 3 4 5 6 7 8 1 2 3 4 H ] 7 8
1 40 227 [ 235 [ 236 | 217 | 234 | 236 | 252 | 1M 24 234 14033 | 227 | 248 [ 258 | 227 | 243 | 241 | 263 | 208 239 23 14363 141.98 1 287
2 120 | 236 | 269 [ 275 | 233 [ 234 | 205 | 242 | 129 240 240 14423 | 202 | 245 [ 277 | 247 | 252 | 237 | 170 | 263 260 260 156.23 150.23 3 810
3 00 | 268 |304 | 286 | 244 310 | 286 | 201 | 340 201 291 17468 | 313 | 307 [ 293 | 276 | 3.07 | 266 | 205 | 252 289 289 17318 1139 5 1757
4 310 [ 315 [ 296 | 325 | 266 | 329 | 319 | 1w 307 307 18405 | 304 | 296 [ 282 | 29 | 312 | 315 | 252 |14 2596 2% 17783 180.54 7 2558
H 360 | 250 | 307 [ 317 | 300 [300 | 301319 |14 0 307 18435 | 286 | 296 [ 296 | 268 | 296 | 316 | 280 | 265 288 288 17273 178.54 9 3246
6 440 | 226 | 260 | 261 | 257 | 229 | 238|205 |1 253 253 15173 | 220 | 233 [ 238 | 253 | 242 | 232 | 242 | 2¥4 237 237 142.05 146.89 1 264
1 520 186 | 183 | 196 | 187 [ 205 | 178 | 205 | 207 1.93 193 11603 | 185 | 160 | 200 | 170 [ LB8 | 177 | 162 | 184 180 130 107.70 1118 13 2938
8 600 | 131 | 122 | 132 | 118 | 125|135 | 128 | 138 L. 129 7725 [ 082 | 106 | 104 | 135 | 086 | 111 | 121 | 086 105 105 6308 70.16 15 2126
9 680 | 086 | 065 | 078 | 078 | 078 | 087 | 092 | 062 0.80 080 4770 | 070 | 054 | 066 | 041 | 060 | 048 | 046 | 012 057 0.57 UR 40.99 17 14.08
10 760 | 053 | 022|021 | 022 [010 | 036 | 021 | 030 0.27 027 1613 [ 035 | 033 | 020 | 036 | 031 | 040 | 037 | 041 034 0.34 2048 18.30 19 102
11 840 | 000 | 000 | 000 | 000 | 000 | 000 | 0.00 | 0.00 0.00 0.00 000 (000|000 | 000|000 | 000 | 000|000 | 000 0.00 0.00 0.00 0.00 2 0.00
12 920 | 000 | 000 | 000|000 |000 | 000|000 | 000 0.00 0.00 000 (000|000 | 000|000 000 | 000|000 | 000 0.00 0.00 0.00 0.00 bi 0.00
13 1000 | 000 | 000 | 000 | 000 | 0.00 | 000 | 000 | 0.00 0.00 0.00 000 [000 | 000|000 | 000|000 | 000|000 | 000 0.00 0.00 0.00 0.00 % 0.00
14 1080 | 0.00 | 000 | 000 | 0.00 | 0.00 | 000 | 000 | 000 0.00 0.00 000 [000 | 000|000 000|000 | 000|000 000 0.00 0.00 0.00 0.00 27 0.00
15 1160 | 0.00 | 000 | 000 | 0.00 | 0.00 | 000 | 000 | 000 0.00 0.00 000 |000 | 000|000 | 000|000 | 000|000 | 000 0.00 0.00 0.00 0.00 il 0.00
16 1240 | 000 | 000 | 000 | 0.00 | 0.00 | 0.00 | 000 | 0.00 0.00 0.00 000 (000|000 | 000|000 | 000 | 000|000 | 000 0.00 0.00 0.00 0.00 i 0.00
191.95
Alr Delivery : 19185 CMM
Peak Velocity : B M/Min Correction Factor Correctlon Factor
Service Value: 656  CMM/W Air Velocity Range For Anemometer-1 Air Velocity Range For Anemometer-2
MF AF ME AF
0<imfs 1 0 Neimfs 1 0
21 Imfs 1 0 21¢ 3mfs 1 0
2355mfs 1 0 s3g5mfs 1 0

Note: Please note ahove correction factor detalls for existing anemometers, For new anemometers, correction factor to be entered accordingly for AL and A2 semi diagonals.

As aresult, 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.

IJ]NRD2406460 International Journal Of Novel Research And Development (www.ijnrd.org


http://www.ijrti.org/

© 2024 IJNRD | Volume 9, Issue 6 June 2024| ISSN: 2456-4184 | INRD.ORG
Table 3.8: Test report of Test unit 4

Model Name Test Unit 4 Capacitor 0.00 MFD Test start Time
Sweep 120000 MM Wattage 2898 Wat Test end Time
Voltage 230,00 Volts Speed 330.00 RPM
Frequency 50.00 Hz Blade Angle 94,118 DEG
Blade Material { Profile S.B(ALU)
Actual Air Actual Alr herage
Measured | Velocity | Actual Alr Measured | Velocity | Actual Alr Actal A Multiplying | Total Air
Mean A1 Sem Diagonal (M / Sec) AirVelocity | (Mfsec) | Velacity A2 Semi Diagonal (M / Sec) Alr Velocity | (M/sec) | Velacity Veldly Factor | Delivery
o | Radius (M/sec) | (Correction | (M/min) (Mfsec) | (Corraction | (M/min) (Mo (Cham)
(MM Factor] Factor)
1|2 3| 4|5 |6 |78 123|465 6718
1 40 | 163 [ 178 | 135 | 157 | 1% [172 | 212 |213 180 180 10770 | 199 | 210 [ 197 | 229 |19 |22 |13 |18 13 PAE] 12158 | 11 1 138
1 10 | 202 | 202 |18 [206 | 211 | 224 |23 | 220 212 112 12658 | 238 | 208 [ L73 | 217 | 250 | 217 | 182 | 268 17 17 12958 | 12848 3 L]
i 00 | 230 (232240 | 248 | 239|243 |27 |28 | 2% 137 220 | 266 | 278 | 256 | 218 [ 250 | 272 (250|282 | 1% 159 15540 | 1840 § 150
4 B0 | 233 261|208 | 205 | 238 |28 [ 280 |21 | 248 149 000 | 287 | 306 | 304 | 275 [ 297 | 300 (175 |2% | 198 19 1550 | 16030 ] 0%
§ 360 | 278 293|289 |77 |28 | 288 307|284 | 27 187 205 | 283 | 253 [ 278 | 271 [ 287 |20 (217|276 | MM 1 16313 | 16059 9 3047
b 40 | 239 | 253 | 231 |57 | 240 | 254 [273 |25 | 250 150 15023 | 200 | 194 | 184 | 192 [ 185 | 233 (176|193 | 195 1% 10693 | 1315 1 068
7 50 | 179 | 191 | 167 [154 (222 | 172|219 [ 181 191 181 11438 | 122 | 147 [ 144 | 160 | 123 | 140 | 150 | 122 139 139 £110 987 ik} 59
i 600 | 164 | 119 [ 105|130 | 123|144 140 |10 131 131 J838 | 055 | 079 | 077 | 085 | 084 | 071 | 073 | 070 0 074 44.55 61.46 15 1862
k] 680 | 109 | 0BG [ 077 | 075 | 085 | 076 [0S0 |0M 0.80 080 4785 | 077 | 079 | 043 [ 049 | 062 | 0.5 | 047 | 043 053 053 1188 10.86 17 1369
10 760 | 036 | 023|045 [039 031 | 031|033 |03 0.35 035 2078 | 023|020 | 025 010 | 041 | 050 | 021 | 025 0.7 0.7 1613 1845 18 108
i B40 | 000 | 000 {000 | 0.00 | 000 | 000|000 |000 0.00 0.00 000 | 000|000 (000000 (000|000 (000]000 0.00 000 0.00 0.00 pal 0.00
12 920 | 000 | 000 {000 | 000 |000 000 (000|000 0.00 0.00 000 |000 | 000 (000000 (000|000 (000]000 000 000 0.00 0.00 ! 0.00
13 | 1000 | 000 | 000 000 | 0.00 | 000 |000 | 000|000 | 000 000 000 | 000 | 000|000 |000|000 | 000000000 | 000 000 0.00 0.00 5 000
14 | 1080 | 000 | 000 000 | 0.00 | 000 000|000 |000 | 000 000 000 | 000 | 000|000 |000|000 | 000000000 | 000 000 0.00 0.00 ] 000
15 | 1160 | 000 | 000 |000 | 0.00 | 000 000 | 000|000 | 000 000 000 | 000 | 000|000 | 000|000 | 000000000 | 000 000 0.00 0.00 i 000
16 | 1240 | 000 | 000 |000 | 000|000 000|000 |000 | 000 0.00 000 | 000|000 | 000 (000|000 | 000|000 |000( 000 000 0.00 0.00 i1 000
17361
Alr Dellivery : 136 CMM
Peak Velocty : 168 M/Min Correction Factor Correction Factor
ServiceValue: 599 CMM/W Alr Velocity Range Far Anemometer-1 Alr Velocity Range For Anemometer-2
MF AF MF AF
0<imfs 1 0 0gimfs 1 0
31¢ Imfs 1 0 A4 3mfs 1 0
»3<5mfs 1 0 »3¢5mfs 1 0

Nate: Please note above correction factor detalls for existing anemometers. For new anemometers, correction factor to be entered accordingly for ALAZ,A3 and Ad semi diagonals.

As aresult, 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

8.5

4

Here, in this combination the twist angle given is 8.5 degrees and the rake angle set is to 4 degrees.

IJ]NRD2406460

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



http://www.ijrti.org/

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

Table 3.10: Test report of Test unit 5

Mode! Name Test Unit 6 Capacitor 0.00 MFD |'leslstart Time
Sweep 1200.00 MM Wattage o Watt |'leslend Time
Voltage 230.00 Volts Speed 340,00 RPM
Frequency 50.00 Hz Blade Angle 874,118 DEG
Blade Material | Profile 5.8 (ALL)
Actual Alr Actual Alr
Measured | Velodty | Actual Alr Measured | Veloclty | Actual Alr muf‘; Multiplylng | Total Ale
Mean AL Semi Diagonal (M / Sec) AlrVelodty | (Mfsec) | Velodlty A2 Semi Diagonal (M / Sec) Alrvelocty | (M/sec) | Veloclty “:::':dzr Factor | Dellvery
5 Na Radius (Mfsec) | (Correction | (Mfmin) (Mfsec) | (Correction | (M/min) (W/min) [CMM)
(mm) Factor) Factor)
1 2 3 | 5 ] 7 8 1 2 3 ] 5 ] 7 8
1 L] 215 | 246 | 238 | 210 | 215 | 210 | 209 | 200 118 118 13073 (209 [ 215 | 215 | 200 | 246 | 238 | 210 | 210 218 218 130.73 130.73 1 164
2 120 115 | 258 | 280 |22 | 238 | 230 |13 | 137 239 139 14340 [ 232 [ 228 | 235 | 237 | 258 | 260 | 230 | 122 .39 .39 143.40 143.40 3 8.69
3 200 250 | 296 | 285 | 230 | 304 | 2R4 | 287 | LW 15 175 16523 [ 287 (304 | 250 | 267 | 296 | 285 | 284 | 230 215 215 165.23 165.23 5 16.69
4 280 316 | 315 | 300 | 307 | 255 | 320 | 327 | 198 £ 106 18360 (327 | 255 | 316 298 | 315 | 300 (320 | 317 306 306 183.60 1B3.60 7 2556
5 360 207 | 310 [ 312 | 315 | 300 | 309 318 |1l i1 110 18615 [ 318 [ 310 | 297 (311 [ 310 312 | 309 | 315 10 10 186.15 186.15 9 3384
[ 40 237 | 180 | 257 | 250 | 220 | 247 | 1B9 | 149 148 143 14880 (269 | 220 | 232 249 | 260 | 257 | 247 | 2150 148 148 143.80 148.80 1 3306
7 520 1E1 [ 187 [ 191 | 170 | 200 | 189 | L79 | L&D 185 185 11078 | 179 | 200 | LBl | 180 | 187 | 191 | 189 | 170 185 185 110.78 110.78 13 1m
8 600 137 | 130 | 137 [ 126 | 119 | 139 [ 132 | LM 131 131 JE3D | 132 | 119 | 137 | 124 | 130 [ 137 | 139 | 126 131 131 7830 78.30 15 FENY]
k] 680 (.87 | 050 | 068 | 072 | 058 | 065 | 050 | 057 063 0.63 3803 | 050 | 058 | OB7 | 057 | 050 | D68 |06 [ 0.2 0.63 0.63 3803 38.03 17 13.06
10 760 055 | 026 | 0.30 | 022 | 020 | 026 | 033 | 023 029 029 1763 | 033 [ 020 | 0355 (023 (026 (030 |02 |02 0.29 0.29 17.63 1763 19 b.76
1 840 000 | 000 | 000 | 000 | 000|000 000|000 000 0.00 0.00 0.00 | 000 | 000 | 000 | 00D | 00D (000 (000 0.00 0.00 0.00 0.00 1 0.00
12 920 0.00 | 000 | 000 | 000 | 000 | 000 | 000 | 000 .00 0.00 0.00 0.00 | 000 | 000 | 000 | 0.0D | 00D | 000 | 0.00 0.00 0.00 0.00 0.00 3 0.00
13 1000 | 0.00 | 000 | 000 000 (000 000 |0DO | 000 0.00 0.00 0.00 000 | 000 | 000 | 000 | 000|000 |000 (000 0.00 0.00 0.00 0.00 25 0.00
1 1080 | 000 | 00D | 000 (000 (000 | 000 | 00O | 0.00 000 0.00 0.00 0.00 | 000 | 000 | 000 | 00D | 00D | 000 (000 0.00 0.00 0.00 0.00 17 0.00
15 1160 | 000 (000 | 0.00 | QOO (00O | 000 | QDO | 0.00 0.00 0.00 0.00 0.00 | 000 | 000 | 000 | 000 (000 | 000 | 000 0.00 0.00 0.00 0.00 2 0.00
16 1240 | 000 | 00D | 000 {000 {000 | 000 | 000 | 000 0.00 0.00 0.00 0.00 | 000 | 000 | 000 | 00D | 000 {000 | 0.00 0.00 0.00 0.00 0.00 il 0.00
193.52
Al Delivery : 185 (MM
Peak Velocity : 185 M/Min Correction Factor Correction Factor
Service Value : 5.3 (MM/W Air Velocity Range Fior Anemometer-1 Alr Veloclty Range For Anemometer-2
MF AF MF AF
0<1mfs 1 ] 0<1mfs 1 1]
14 3mfs 1 1] 214 Imfs 1 1]
»355mfs 1 0 »355mfs 1 1]
Mate: Please note above correction factor detalls for existing anemometers. For new anemometers, correction factor to be entered accordingly for AL and A2 semi diagonals.
Result :-
Prepared By :- Checked By :-

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

Model Name Test Unit & Capacitor 0.00 MFD Test start Time
Sweep 1200.00 MM Wattage 29.39 Wat Test end Time
Voltage 230.00 \Volts Speed 350.00 RPM
Frequency 50.03 Hz Blade Angle 8.5,511.8 DEG
Blade Material { Profile 5.B (ALU.)
Actual Air Actual Air Average
Measured Velocity Actual Air Measured Velocity Actual Air Actual Alf Multiplying | Total Air
Mean Al Semi Diagonal (M / Sec) Alr Velocity | (M/sec) Velacity A2 Semi Diagonal (M / Sec) Alr Velocity | (M/sec) Velocity | ocity Factor Delivery
$r.Mo Radius (Mfsec) | (Correction | (M/min) (M/fsec) | (Correction | (M/min) (M/min) (cMm)
(M) Factor) Factar)
1 2 3 4 H [ 7 B 1 2 3 4 5 6 7 L]
1 40 242 | 262 | 250 | 258 | 265 | 240 | 262 | 242 253 253 15158 | 281 | 236 | 274 | 272 | 262 [ 270 | 270 | 272 247 267 160.28 155.93 i 315
2 120 288 | 257 | 278 [ 288 | 283 | 293 | 286 |228% 182 28 16911 | 287 | 288 | 289 | 298 | 293 [ 300 | 298 | 3.03 295 295 176.70 17291 3 1048
E] 200 310 | 311 | 324 | 303 | 309 | 324 [ 320 | 324 116 316 18938 | 304 | 322 | 322 | 318 | 333 [ 325 | 320 | 315 3110 10 191.43 190.65 5 1926
4 280 337 | 335 | 341 [ 336 | 348 | 338 (344 | 330 339 339 20318 | 332 | 341 | 334 | 336 | 328 | 342 | 338 | 337 336 3.36 201.60 202.38 7 28.62
5 360 313 | 321 | 327 [ 314 | 328 | 313 [ 326 | 315 320 320 19178 | 312 | 328 | 317 | 320 | 320 | 320 | 33 | 316 320 3.20 181.70 191.74 9 34.86
[ 440 247 | 267 | 273 | 280 | 265 | 271 | 262 | 270 264 264 15863 | 253 | 230 | 250 | 265 | 247 | 273 | 152 | 258 254 254 152.10 155.36 11 3452
7 520 219 | 206 | 208 | 201 | 196 | 200 | 209 | 1.96 205 205 12270 | L8B3 | 19 | 181 | 199 | 198 | 187 | 188 | 194 191 191 114.45 118.58 13 3114
8 600 130 | 133 | 134 | 166 | 144 | 144 [ 152 | 141 143 143 85.80 | 120 | 147 | 144 | 124 | 126 | 110 | 113 | 118 125 1.25 75.15 B0.48 15 24.38
9 680 096 | 110 | 105 [ 082 | 106 | 105 [ 1.02 | 1.03 102 102 6143 | 074 | 068 | 063 | 081 | 063 | 084 | 050 | 0.65 0.74 0.74 44.10 52.76 17 1812
10 760 044 | 040 | 036 [ 038 | 050 | 062 | 065 | 046 0.48 048 2858 | 042 | 041 | 057 | 053 | 041 | 043 | 054 | 041 0.47 0.47 2790 28.4 18 10.84
1 840 022 | 022 | 036 | 032 | 027 | 022 027 | 030 0.27 027 1635 | 026 | 032 | 027 | 030 | 022 | 025 | 0.20 | 0.30 0.27 0.27 15.90 16.13 2 6.84
12 920 000 | 000 | 000 | 000 | 000|000 (000|000 0.00 0.00 000 | 000 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00 0.00 0.00 23 0.00
13 1000 | 0.00 | 000 | 000 | 000 | 000 | 000 000 |0.00 0.00 0.00 000 | 000 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00 0.00 0.00 25 0.00
14 1080 | 0.00 | 000 | 0.00 | 000 | 000 | 000 000 |0.00 0.00 0.00 000 | 000 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00 0.00 0.00 27 0.00
15 1160 | 000 | 0O0 | 0.00 | 0.00 | 0.00 | 000 | 0.00 | 0.00 0.00 0.00 000 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00 0.00 0.00 pi] 0.00
16 1240 | 000 | 000 | 000 | 000 | 000 | 000 | 000 |0.00 0.00 0.00 000 | 000 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00 0.00 0.00 Ell 0.00
2220
Alr Delivery : 220 CMM
Peak Velocity : 202 M / Min Correction Factor Correction Factor
Service Value : 756 CMM/W Air Velocity Range For Anemometer-1 Air Velocity Range For Anemometer-2
MF AF MF AF
0<imfs 1 0 0<1mfs 1 0
212 Im/s 1 0 =12 3m/fs 1 0
>3s5mfs 1 0 >3<5mfs 1 0
INote: Please note above correction factor detalls for existing s. For new s, correction factor to be entered accordingly for Al and A2 semi di I

Result :-

As aresult, 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.

(R IR = E
T

i

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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