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ABSTRACT 

The aerodynamic performance of centrifugal fans has been studied due to their wide application in
industrial and engineering fields such as ventilation, air circulation, and thermal management. This
paper investigates the performance characteristics of a backward-curved blade centrifugal fan at
approximately 1000, 2000, and 2700 rpm through experimental methods. The experimental
apparatus comprised a calibrated nozzle, diffuser, universal dynamometer, slide valve, and digital
pressure display for precise measurement of pressure rise, volumetric flow rate, electrical power,
and efficiency. By progressively altering the slide valve opening, pressure-difference versus flow rate
curves and efficiency versus flow rate curves were obtained. The results demonstrated typical
centrifugal fan characteristics: pressure rise initially increased then decreased with rising volumetric
flow rate, while efficiency peaked at medium-to-high flow rates. To validate hydrodynamic similarity,
dimensionless parameters including flow coefficient, pressure difference coefficient, and power
coefficient were calculated. Results demonstrate that the dimensionless pressure and power curves
at different rotational speeds largely coincide, confirming the principle of dynamic similarity.
However, significant deviations occur at low rotational speeds, primarily attributed to increased
friction losses, flow separation, and slip effects. This study confirms the applicability of dynamic
similarity in centrifugal fans and reveals the influence of Reynolds number and efficiency variations
under low-speed conditions, providing a reference for fan design optimization and performance
prediction. 
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1. INTRODUCTION 

1.1. Brief Background 

This experiment focuses on analyzing the characteristics of a centrifugal fan with backward facing 
blades at different rotational speeds. A centrifugal fan exerts energy on the air through the rotation of 
the impeller, pushing the air in a direction perpendicular to its axis. By measuring the inlet nozzle, 
before and after the fans pressure, flow rates and power consumptions, the dynamic similarity of the 
fan at different speeds can be investigated. 

Centrifugal fans are commonly used in ventilation and cooling systems because they can generate 
higher pressure rises than axial fans at relatively low flow rates. Their performance is usually 
described by characteristic curves that relate pressure, flow rate, and efficiency. 
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The principle of dynamic similarity is important for turbomachinery. When fans are geometrically 
similar and operate under the same nondimensional parameters, their performance trends can be 
compared directly. Verifying this principle in experiments provides useful insight for predicting and 
scaling fan behavior. 

1.2. Objectives 

The objectives of the experiment were to determine the characteristics of a centrifugal fan at three 
different rotational speeds. Investigating the effectiveness of dynamic similarity of the fan 
characteristics at three different fan speeds. 

2. METHODOLOGY 

2.1. Apparatus 

 

Figure 1. Apparatus used for the laboratory 

Figure 1 illustrates the main apparatus used during the Centrifugal Fan Module, which is as follows: 

(a) Calibrated inlet nozzle: Calibration nozzle installed at the inlet of the fan. The calibrated inlet 

nozzle is the entrance for air into the casing, ensures uniform airflow into the system, reducing 

turbulence. 

(b) Diffuser: The diffuser is behind the nozzle. It is used to stabilize the air flow, reduce turbulence 

at the fan inlet and ensure that the air enters the fan blade smoothly. 

(c) Fan: Centrifugal fans with backward inclined blades allow air to enter axially and exit radially. 

By adjusting the rotational speed of the fan, it is possible to investigate the variability of the fan 

characteristics at different rotational speeds. 

(d) Universal dynamometer: The Universal dynamometer links to the rotor of the fan, and controls 

the speed of the fan, adjusting it from 1000 to 3000 rpm. 
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(e) Variable slide valve: Slide valve used to adjust the air flow to the fan, which can be adjusted from 

0 % to 100 %. 

(f) Exhaust silencer: Reduce the noise generated by the operation of the fan to avoid affecting the 

health of the experimenters. 

(g) Digital pressure display: The display connects to multiple pressure sensors to show pressure data, 

allowing convenient reading and recording of pressure changes during the experiment. 

2.2. Experimental Method 

(a) Preliminary Setup: Record the environmental parameters such as ambient temperature and 

atmospheric pressure before starting the experiment. Calibrate the digital pressure indicator for 

accurate readings. Check the equipment connections to ensure that the pressure tube is properly 

connected, and the backwards impeller is properly installed in the casing. During the experiment, 

keep away from the fan and wear ear defender. 

(b) Procedure: Initially, close the sliding valve completely, set the fan to its highest speed and adjust 

it to 2700 ± 50 rpm after the air speed has stabilized. Then record the pressure data (∆𝑝ଵ, 𝑝ଶ, 𝑝ଷሻ, 

rotational speed (rpm) and electrical power consumption (W) after the air speed has stabilized 

again. Then adjust the sliding valve and increase the opening of the sliding valve gradually by 10% 

each time until it is fully open. Record data after each adjustment until the fan was stabilized. 

Adjust the fan speed to 2000 ± 50 rpm and 1000 ± 50 rpm, repeat the above steps and record the 

data accordingly. 

(c) Recording measurements: Fill in the table with the measured data and calculate the key parameters. 

3. BASIC RESULTS 

Table 1. Basic data from Test 1 
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Table 2. Basic data from Test 2 

 

Table 3. Basic data from Test 3 

  

4. FAN CHARACTERISTICS AT THE THREE FAN SPEEDS 

4.1. Results in Tabular  
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Table 4. Results from Test 1 

 

Table 5. Results from Test 2 

 

Table 6. Results from Test 3 
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4.2. Fan Characteristics in Graphs 

 

Figure 2. ∆𝑝௙௔௡ against 𝑄௩ for the three tests 

From the figure, it can be seen that the experimental results are approximately as expected, which 
means that the characteristic curves of the wind turbine have similar shapes at different rotational 
speeds, confirming the theory of dynamic similarity. As 𝑄௩ increases, the ∆𝑝௙௔௡ of the fan first 
increases to peak, and then decreases, which is a typical characteristic curve of a centrifugal fan. 
However, there are some differences in the graph, which may be caused by experimental equipment, 
environmental factors or operating errors. 

 

Figure 3. 𝑃௨௦௘ against 𝑄௩ for the three tests 

 

It can be concluded from the figure that the experimental results are generally agreed with the 
prediction. 𝑃௨௦௘ increases with the increase of 𝑄௩, which demonstrates a near-linear growth trend. 
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At the same 𝑄௩, the higher the rotational speed, the larger the 𝑃௨௦௘, which is in accordance with the 
characteristics of the fan [1]. Although the data are basically in accordance with the theory, there are 
some errors caused by measurement, energy loss, environmental factors. 

 

Figure 4. 𝜂௢௩ against 𝑄௩ for the three tests 

 

As can be seen in Figure 4, the experimental data are generally consistent with the theoretical 
predictions. The efficiency of the fan 𝜂𝑜𝑣 rises with the increase of the volume flow rate 𝑄𝑣, and 
finally tends to stabilize gradually. At medium to high rotational speeds, the fan usually reaches its 
maximum efficiency at higher flow rates, while at low rotational speeds, the fan has its maximum 
efficiency at low flow rates. The maximum efficiency of the fan is higher at higher speeds while it is 
lower at lower speeds, which is consistent with the operating theory of the fan. The trend of the 
efficiency curves at different speeds is similar, which is in accordance with the characteristics of the 
fan. There are some errors in the data which may be caused by measurement errors, idealization of 
experimental assumptions, environmental factors. 

5. INVESTIGATION OF DYNAMIC SIMILARITY 

5.1. Nondimensional Parameters 

 

Figure 5. 
∆௣೑ೌ೙

ఘஐమௗమ against 
ொೡ

ஐௗయ for the three tests 
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Figure 5. demonstrates the relationship between the nondimensional parameter 
∆௣೑ೌ೙

ఘஐమௗమ  and 
ொೡ

ஐௗయ. The 

nondimensional pressure difference increases with increasing flow coefficient and reaches a 
maximum at 50% or 60% and then begins to decrease. The main trend is in accordance with the fluid 
theory, which means at lower flow rates, the fan is mainly affected by resistance and the differential 
pressure rises, while at higher flow rates, the kinetic energy of the fluid dominates and the differential 
pressure tends to stabilize. From the figure, it can be seen that Test 3 has larger fluctuations in the 
high flow rate area, which may be due to the experimental instrument error, and environmental factors. 

 

 

Figure 6. 
௉ೠೞ೐

ఘஐయௗఱ against 
ொೡ

ஐௗయ for the three tests 

 

As can be seen in Figure 6, the curves of the nondimensional parameters 
௉ೠೞ೐

ఘஐయௗఱ and flow coefficient 
ொೡ

ஐௗయ show a basically linear increasing trend. It indicates that as the nondimensional flow coefficient 

increases, the nondimensional power increases accordingly, which is in line with the basic law of 
fluid dynamics. The curves of the three experiments show a high degree of overlap, indicating small 
errors.  

 

Figure 7. 𝜂௢௩ against 
ொೡ

ஐௗయ for the three tests 
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Figure 7 shows the relationship between the nondimensional parameter overall efficiency 𝜂௢௩ and 

nondimensional flow rate 
ொೡ

ஐௗయ. 𝜂௢௩ increases rapidly as 
ொೡ

ஐௗయ increases, and then stabilizes, which is 

typical fan efficiency curve and meets expectations. The data for Test 3 show a large error, which 
may be caused by experimental equipment errors or environmental factors. 

5.2. Example Calculation of Nondimensional Parameters 

In the example calculation, in order to show the calculation process more clearly and directly, the 
data from Test 1 with 10% slide valve opening was used to demonstrate. 

First, the density of air needs to be calculated using:  

𝜌 ൌ ௣ర

ோ்ೌ
ൌ ଵ଴ଶ଻଴଴௉௔

ଶ଼଻௃/௞௚௄ൈሺଶ଻ଷ.ଵହାଶଵ.ଽሻ௄
ൌ 1.2128𝑘𝑔/𝑚ଷ             (1) 

Where 𝑝ସ is the measured atmosphere pressure, R denotes the specific gas constant for dry air (R=287 
J/kgK), 𝑇௔ is the ambient air temperature. 

In this experiment, the nondimensional pressure parameters can be calculated as followed:  
∆௣೑ೌ೙

ఘஐమௗమ ൌൌ ଻଺଻ ௉௔

ଵ.ଶଵଶ଼௞௚/௠యൈሺଶ଼ଷ.ହ଼௥௔ௗ௦ ௦⁄ ሻమൈሺ଴.ଶହଶ௠ሻమ ൌ 0.123837               (2) 

To describe the characteristics of a pump, the nondimensional power parameter needs to be calculated:  
௉ೠೞ೐

ఘஐయௗఱ ൌ ଷଵ.ଽ଺ௐ

ଵ.ଶଵଶ଼௞௚/௠యൈሺଶ଼ଷ.ହ଼௥௔ௗ௦ ௦⁄ ሻయൈሺ଴.ଶହଶ௠ሻఱ ൌ 0.001137                (3) 

The nondimensional flow parameter calculation can be calculated as follows: 

ொೡ

ஐௗయ ൌ ଴.ସଵ଺଻௠య/௦

ଶ଼ଷ.ହ଼௥௔ௗ௦ ௦⁄ ൈሺ଴.ଶହଶ௠ሻయ ൌ 0.009183                     (4) 

 

5.3. Discussion 

(a) Among these three figures, the first one 
∆௣೑ೌ೙

ఘஐమௗమ against 
ொೡ

ஐௗయ and second one 
௉ೠೞ೐

ఘஐయௗఱ against 
ொೡ

ஐௗయ 

for the three tests display dynamic similarity. For geometrically similar fans, the flow phenomena 
and physical properties should be similar with the same nondimensional parameters. From Figure 5, 
it can be seen that the experimental data at different speeds display the dynamic similarity 

characteristic. The nondimensional pressure increase (
∆௣೑ೌ೙

ఘஐమௗమሻ follows a similar trend in the three tests. 

Despite small differences in the low flow rate area, the high degree of similarity between the curves 
overall indicates the characteristics of dynamic similarity. As seen in Figure 6, the data for the three 
tests basically overlap in the dimensionless coordinates, displaying dynamic similarity. It indicates 
that the energy conversion relationship of the fan remains the same in the same dimensionless 
coordinates.  

(b) As can be seen in the third graph, the curve of Test 3 deviates significantly from the data of Test 
1 and Test 2 and does not conform to dynamic similarity. The possible reason for this is the increase 
in mechanical and friction losses at low rotational speeds, which leads to a significant decrease in 
overall efficiency ሺ𝜂௢௩ ሻand does not correspond to the dynamic similarity of the fluid. It is also 
possible that at low speeds the airflow over the fan blades may separate, resulting in an increase in 
vortices, which may in turn reduce the overall efficiency of the fan. Moreover, the slip effect causes 
the actual fluid exit angle to deviate from the theoretical value. As can be seen in Figure 5, the real 
characteristic has a significant difference from the result calculated using Euler theory. The slip effect 
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is more obvious at low speeds, causing the Test3 overall efficiency decrease and breaking the 
dynamic similarity [3]. 

 

Figure 8. The pressure characteristics of real pumps [2] 

 

(c) From the figures which display dynamic similarity, it can be concluded that high Reynolds 
numbers have less effect on fan characteristics. The Reynolds number represents the ratio between 
the kinetic energy of the flow and the fluid friction. A high Reynolds number indicates that inertial 
forces dominate the flow, which is mainly acted by instability, with less viscous influence. In this 
experiment, the nondimensional curves of power and pressure at different rotational speeds show an 
overlapping trend, which indicates that dynamic similarity is maintained under such conditions. It 
suggests that the fan performance does not change significantly with changes in the Reynolds number 
if the Reynolds number is high enough. A sample calculation of Test 1, 10% opening is as follows: 

𝑅𝑒 ൌ ఘஐௗమ

ఓ
ൌ ଵ.ଶଵଶ଼௞௚/௠యൈଶ଼ଷ.ହ଼௥௔ௗ௦ ௦⁄ ൈሺ଴.ଶହଶ௠ሻమ

ଵ.଼ଷହൈଵ଴షఱ௞௚/௠௦
ൌ 1190232           (5) 

Where 𝜌 is the calculated air density (𝑘𝑔/𝑚ଷ), Ω is the rotational speed (rads/s), 𝑑 is the diameter 
of the rotor (m), and 𝜇 is the dynamic viscosity of the air at room air temperature (𝑘𝑔/𝑚𝑠ሻ [4]. 

From the sample calculation, it can be seen the Re number is very large. At high Reynolds numbers, 
the airflow over the fan blades remains turbulent, which reduces the impact of viscous effects on fan 
performance.  

6. CONCLUSION 

This experiment analyzed the characteristics of a centrifugal fan with backward inclined blades at 
different speeds. By measuring the pressure difference, volume flow rate, and efficiency, the 
performance curves of the fan were plotted. By calculating the nondimensional parameters, the 
concept of fluid dynamic similarity was verified. The curves of the nondimensional parameters power 
and pressure difference show the same behavior at different speeds, which confirms the dynamic 
similarity of the fluid. The experimental results indicated that the performance characteristics of the 
fan follow dynamic similarity at different rotational speeds, verifying the basic principles of fluid 
mechanics. However, some errors still exist due to experimental uncertainties, equipment limitations, 
and environmental factors. 
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