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ABSTRACT: Centrifugal fan is the increasing need of today’s HVAC industries and recommending the right type of 
blade depending on the application it is needed for is one of the most important job for an engineer. Also, a literature 
review of the reference paper has been provided. A comparative analysis between two blade types namely backward 
inclined and backward curved has been done. Results for the two vary and are most suited in their line of work. Results 
show that backward inclined blades utilize more power as more RPM is needed to drive the impeller and therefore 
display less efficiency as compared to backward curved blades. Moreover, how much average percent more or less 
power, RPM and efficiency has also been denoted. 
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Symbols  Meanings Symbols  Meanings 
Q                          Capacity A Area 
Ps                                       Static Pressure V                           Velocity 
T                           Temperature Pt                                         Total Pressure 
D                           Diameter N                            RPM 

I. INTRODUCTION 
 
The main objective of a centrifugal fan is to drive or deliver air through a duct setup and distribute it to a required area. 
Centrifugal fans are by far the most prevalent type of fan used in the HVACindustry today. The horsepower curves do 
not overload for centrifugal fans. These fans can handle large air volumes and static pressures that are moderately high. 
The differences in operation of a centrifugal fan with Backward curved and backward inclined vanes have been 
demonstrated. Our observation consists of the difference between backward curved and backward inclined blades of a 
centrifugal fan. The backward inclined blades must be operated at a much higher RPM than the Backward curved 
blades. The rotating impellers. Analysis of backward curved and backward inclined blades have been developed. In this 
analysis capacity and pressure have been varied. Observations have been made on how these variations vary velocity, 
RPM, power consumption and efficiency of centrifugal fan (Backward Curved and Backward Inclined Vanes). 
We can divide centrifugal fans into 4 categories namely: Backward incline/ Forward Curved, Backward Curved, Radial 
blade and Air foil. These four types of blades were developed to fit their own specific and exclusive applications. 
However, we are studying the comparative analysis between backward inclined and backward curved blades. 
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1.1 Classification: 
The various types of blades being employed in centrifugal fans are: 

 Backward inclined/ Forward Curved 
 Backward curved 
 Airfoil blade 
 Radial blade 

 
1.1.1 Backward inclined/ Forward Curved: They are employed to deliver medium to high airflow. A deep 

stall range is not demonstrated by these fans. These are cheaper than the backward curved blades in 
production. These are most suitable in medicinal industries, as the chemicals do not get deposited on the 
blades. They have a higher RPM, but a lower efficiency than those of the backward curved blades for the 
same capacity, static pressure and velocity. They have a weaker structural strength i.e.; they tend to 
vibrate more than the backward curved blades. 

 
Fig. 1.1.1: Backward Inclined Blades 

 
1.1.2 Backward curved: they are often heavier than those of backward inclined blades for the same capacity, 

static pressure and velocity. They are highly energy efficient and are an appropriate alternative to 
backward inclined blades.  In this paper comparison between two types of impellers are done namely the 
backward curved blades and the backward inclined blades. Both of these impellers are subjected to the 
same airflow volume, static pressure, inlet and outlet diameters of centrifugal fans and henceforth the 
same velocities. 

 
Fig. 1.1.2: Backward Curved blades 

 
1.1.3 Airfoil blade: Bernoulli’s principle stating that high speed flow is correlated with low pressure and low 

speed flow with high pressure, Airfoil works on the above stated basis. The airflow speed above the 
surface of a wing is increased with the help of airfoil, causing a decrease in air pressure. 

 
Fig. 1.1.3: Airfoil blades 
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1.1.4 Radial blade: They acquire the strongest physical design among all other types of fans and are mostly used to 
process materials. Hence, they can achieve topmost pressure of practically any industrial fan arrangement. The radial 
blade centrifugal fan also has the power to self-cleanse itself. 

 
Fig. 1.1.4: Radial blades 

 

II. LITERATURE REVIEW 
 

Sharad Chaudhary[3] and Santosh Kansal[3] have mentioned how the fan is to be modelled with respect to its specifications. Then 
doing a performance analysis of the fan using CFD TOOL Autodesk CFD 2013and later a theoretical analysis on very same stream 
was done as well. These requirements were fulfilled to get a better understanding of the performance characteristics under different 
traits to enhance the design of the fan. 
 
P. NavinKumar[2] and S. SahayaRubinson[2]mentioned the endeavour that has been created to optimise the thickness of the blade. 
Also, detailed study has been shown how 10 blades of 8mm thickness replaces 12 blades of 9 mm thickness. It has also been 
demonstrated that how to minimize the weight of radial blade fan keeping in mind the allowable stress, the operating limitations and 
design parameters. 

III. TEST PROCEDURE 
 
3.1 The air is assumed a density of 1.2kg/m3. 
3.2 Volume flow rate: the quantity of fluid flowing the duct of given cross sectional area per unit time. 
3.3 Static pressure:Fluid which is at rest exerts certain pressure, known as fluid static pressure. Here, fluid is air. 
3.4 Operational temperature: this is the temperature at which the fan is meant to work at. Here it is 20ºC.  
3.5 We are supplied with three parameters namely: the capacity required, static pressure and the operating temperature. We 

have some standard inlet diameters which best serves the requirement in concepts of highest efficiency. The area, velocity 
and total pressure are calculated by simple analytical calculations. 

3.6 With the help of performance graphs produced based on experiments the RPM of the impeller is chosen, which further 
helps in achieving the power consumption of the fan. 

3.7 The system impedance curve is overlaid with the performance data of air of the particular fan. The main objective of a 
cooling fan is to transfer the undesirable heat to the surrounding with moving appropriate amount of air. The inlet angle of 
backward curved blades is 34.4º and for backward inclined blades is 5º. 

3.8 The fan has to abide to certain laws while working like speed, power and pressure. A change in pressure rise and necessary 
power to operate the fan is observed when there is a change of speed (rpm). During the selection of fans, ample safety 
margin is considered as well. The fan and impeller types are chosen once the system flow and pressure needs are 
established. 

IV. EXPERIMENTAL RESULTS 
 

4.1 Backward Inclined blades: Calculations demonstrates that centrifugal fans, employing these types of blades require higher RPM 
and higher power to be driven. And as a result, produce less efficiency. 
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TABLE 4.1: BACKWARD INCLINED BLADES CALCULATIONS 
Q Ps T D A V Pt N Power Efficiency 
3 m3/s 200 

mmwg 
20º C 0.05m 0.1963 

m2 
15.28 
m/s 

215 
mmwg 

1400 
RPM 

8 KW 75% 

3 m3/s 300 
mmwg 

20ºC 0.05m 0.1963 
m2 

15.28 
m/s 

315 
mmwg 

1625 
RPM 

11 KW 81.81% 

3 m3/s 400 
mmwg 

20ºC 0.05m 0.1963 
m2 

15.28 
m/s 

415 
mmwg 

1850 
RPM 

16 KW 75% 

5 m3/s 200 
mmwg 

20ºC 0.05m 0.1963 
m2 

25.47 
m/s 

241 
mmwg 

1630 
RPM 

17 KW 58.82% 

5 m3/s 300 
mmwg 

20ºC 0.05m 0.1963 
m2 

25.47 
m/s 

341 
mmwg 

1850 
RPM 

22.5 KW 66.67% 

5 m3/s 400 
mmwg 

20ºC 0.05m 0.1963 
m2 

25.47 
m/s 

441 
mmwg 

2050 
RPM 

27.5 KW 68.96% 

7 m3/s 200 
mmwg 

20ºC 0.05m 0.1963 
m2 

35.66 
m/s 

280 
mmwg 

1900 
RPM 

29 KW 51% 

7 m3/s 300 
mmwg 

20ºC 0.05m 0.1963 
m2 

35.66 
m/s 

380 
mmwg 

2120 
RPM 

37.5 KW 56% 

7 m3/s 400 
mmwg 

20ºC 0.05m 0.1963 
m2 

35.66 
m/s 

480 
mmwg 

2290 
RPM 

46.8 KW 59.82% 

 
4.2 Backward Curved blades: Calculations demonstrates that centrifugal fans, employing these types of blades require 

lower RPM and lower power to be driven. And as a result, produce more efficiency. 

TABLE 4.2: BACKWARD CURVED BLADES CALCULATIONS 
Q Ps T D A V Pt N Power Efficiency 
3 m3/s 200 

mmwg 
20º C 0.05m 0.1963 

m2 
15.28 
m/s 

215 
mmwg 

1070 
RPM 

5.2 KW 82.19% 

3 m3/s 300 
mmwg 

20ºC 0.05m 0.1963 
m2 

15.28 
m/s 

315 
mmwg 

1300 
RPM 

10.8 KW 83.3% 

3 m3/s 400 
mmwg 

20ºC 0.05m 0.1963 
m2 

15.28 
m/s 

415 
mmwg 

1480 
RPM 

15 KW 80% 

5 m3/s 200 
mmwg 

20ºC 0.05m 0.1963 
m2 

25.47 
m/s 

241 
mmwg 

1300 
RPM 

13.3 KW 75.18% 

5 m3/s 300 
mmwg 

20ºC 0.05m 0.1963 
m2 

25.47 
m/s 

341 
mmwg 

1480 
RPM 

20 KW 75% 

5 m3/s 400 
mmwg 

20ºC 0.05m 0.1963 
m2 

25.47 
m/s 

441 
mmwg 

1640 
RPM 

26 KW 76.9% 

7 m3/s 200 
mmwg 

20ºC 0.05m 0.1963 
m2 

35.66 
m/s 

280 
mmwg 

1580 
RPM 

23.5 KW 59.57% 

7 m3/s 300 
mmwg 

20ºC 0.05m 0.1963 
m2 

35.66 
m/s 

380 
mmwg 

1710 
RPM 

32 KW 65.63% 

7 m3/s 400 
mmwg 

20ºC 0.05m 0.1963 
m2 

35.66 
m/s 

480 
mmwg 

1850 
RPM 

40 KW 70% 

 
We have implemented an automatic text detection technique from an image for Inpainting. Our algorithm successfully detects 

the text region from the image which consists of mixed text-picture-graphic regions. We have applied our algorithm on many images 
and found that it successfully detects the text region. 
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V. CONCLUSION  
 

5.1 It can be safely concluded that backward curved blades operate at a lower RPM and Power. Henceforth producing an efficiency 
that is higher than that of backward inclined blades (without varying other parameters).  

5.2 Backward curved blades have a smoother working as compared to backward inclined blades because backward inclined blades 
mostly deal with corrosive or dusty airstreams whereas, backward curved blades are employed in Air handling units, back filter 
applications and conveying units. 

5.3 Backward Curved Blades Centrifugal fan have 13.43% higher efficiency on an average as compared to backward       inclined 
blades Centrifugal fan. 

5.4 Backward inclined blades Centrifugal fan utilise on an average 18.36% more power as compared to Backward   Curved Blades 
Centrifugal fan. 

5.5 Backward inclined blades Centrifugal fan operate on an average 24.91% more RPM as compared to Backward Curved Blades 
Centrifugal fan. 

 
               Graph of backward inclined blade                             Graph of backward curved blade 

These Graphs can henceforth be applied for designing and producing a working and highly efficient centrifugal fan, 
with given constraints like capacity, static pressure and temperature. For RPM range of 1000-2000 of backward curved 
blades and for RPM range of 1000-2300 of backward curved blades, power and efficiency can be calculated. 

VI. FUTURE SCOPE 
 
These centrifugal fans are designed to operate at air density. But further more work can be done and centrifugal fans 

can be designed that work with fluids that have higher density and more viscous flow. The blades can also be modified 
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to suit the altitudes of different locations. Moreover, the conditions affecting the smooth working of these centrifugal 
fans can be observed and with respect to that needful steps can be undertaken for smooth functioning of those.   
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