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   Abstract 
 

Fans are widely used in the industry, and they have a potential in energy efficiency studies. The aim 

of this paper is to introduce the fan systems and the energy efficiency studies on fan systems. The 

parameters like flow rate, active power, fluid power and pressure difference were explained and 

used in the investigations together with the experimental data obtained in the energy audits. The 

effects of air temperature, velocity, and frequency parameters on fan efficiency were studied. The 

results showed that the temperature increment negatively affects the fan efficiency, and 1 m/s 

increase in the air velocity reduces the system efficiency by % 1,088. Finally, according to 

achievements of this paper, reducing the frequency with Variable Speed Drive means less fan power 

and Variable Speed Drive provides energy-savings but not energy efficiency. 

 
 

 

 

1. Introduction* 

 

Today in developed countries, there is a tendency to 

reduce greenhouse gas emissions due to global warming 

and other environmental problems. For this goal, a global 

energy policy is determined that indicates a preference for 

renewable energy sources over fossil fuels such as solar, 

wind and so on [1, 2]. However, renewable energy systems 

are low efficient and expensive compared to conventional 

systems [3]. At this point, energy efficiency appears to be a 

desirable alternative as it is accepted “the cheapest 

renewable energy source”. In Energy Efficiency Law No: 

5627 in Turkey, energy efficiency is defined as efficient 

use of energy, prevention of waste, reducing the burden of 

energy costs on the economy, and increasing efficiency to 

protect the environment while using energy resources [4]. 

Energy efficiency is extremely important also in reducing 

dependency on imported energy [5, 6, 7].  

                                                           
* Corresponding Author: selmancagman@gmail.com 

 

The energy efficiency potential of Turkey is stated as 

15%, approximately 33 million Tons of Oil Equivalent 

(TOE), against 222 million TOE primary energy demand 

for 2020 in a report conducted by the General Directorate 

of Renewable Energy (YEGM) [8]. The breakdown of 

energy saving potential of Turkey is 30% in residences [9], 

20% in industry, and 15% in transportation [10]. 40% of 

Turkey’s total industrial electricity consumption is 

diversed like: 22% fan, 29% pump, 7% compressor and 

42% other utilities [11]. 

Approximately 65-70% of the electrical energy is 

consumed by electric motors in the industry, where 20% of 

this energy is consumed by the fans [11]. According to the 

data provided by the Ministry of Energy and Natural 

Resources (MENR), there are some ways to avoid this 

excessive energy consumption by fans. There is an energy 

saving potential of 2-8% through preventing losses and 

leakages in fans, 70% by using high-efficiency fans, and 

50% in Variable Speed Drive (VSD) application [12].  

The ratio of the energy efficiency potential of fan 

motors in the total energy efficiency potential in the 
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industry is 2,60%. Although control and drivers have a 

very important place in high-efficiency fan systems [13], 

system efficiency does not simply mean a highly efficient 

motor. The entire system components have impact on the 

efficiency, such as design, sizing, ducts, and dampers etc 

[14]. An efficient fan system requires accurate investment, 

maintenance, and operation. Decision makers often 

consider initial investment cost but not operating or 

maintenance costs. They purchase the cheapest fan and the 

cheapest fan is generally the less efficient one. 

Nevertheless, the operational cost difference between these 

two fans systems; the cheapest and the efficient, is much 

higher than the initial investment cost difference 

throughout the fan’s life span [15]. 

Improvements in the applications of the control 

systems affect energy efficiency of the fan systems 

positively. Wang modeled a proportional damper for a coal 

power plant and reduced power consumption by 15% [16]. 

In another study, conventional and novel damper control 

systems are experimentally compared. The authors claimed 

that they have achieved 20% reduction in the fan power 

[17]. The conventional method with Rule-Based Fuzzy 

Control Method (RBFCM) in air conditioning (AC) 

systems are investigated in an experimental study, and 

RBFCM provides 33% energy savings [18]. Sjöström et al. 

have developed a control strategy considering airflow set 

values, the differential pressure difference etc for fans 

operating in the mining industry. The results show a 40% 

reduction in energy consumption and a 15% reduction in 

the demand of air inflow to the mine [19]. 

Correcting installation and maintenance problems 

within a production facility can also save energy. The fan 

efficiency can be boosted up to 80% with a proper 

installation [20]. Doğan says, power consumption 

decreases 5% with the replacement of the inefficient fan 

blades with efficient ones and the payback period of this 

investment is 2 or 3 years [10]. A research carried out in a 

paint shop of automobile factory states that 5 fans were 

replaced with new efficient ones, and the payback time of 

this investment was 1,69 years [21].  

When a VSD is used in a 3,72 kW fan motor, if the 

speed is reduced by 30%, there is a 44% energy saving 

with an annual cost advantage of $ 543. They proved that 

as speed decreases, energy saving and cost advantage 

increase [22]. As a result of long-term performance 

analysis in Heating, Ventilation, and Air Conditioning 

(HVAC) systems, with the application of VSD in a public 

building in Italy, an annual energy saving of 38,9% was 

achieved [23]. Instead of adjusting the fan flow rate with 

throttling inlet vane, a VSD does the same effect with less 

energy consumption. According to this study, VSD energy 

saves vs vane throttling (VT) are as following; 37% VSD 

vs 20% VT, % 51 VSD vs 30% VT, 61% VSD vs 40% VT, 

and 61% VSD vs 50% VT [24]. Another study states that 

energy consumption of 2.679 kWh decreases to 2.226 kWh 

in a power plant by using a VSD instead of throttling fans 

with a suction vane/flap [25]. Similarly, in an iron and steel 

factory, 960 TOE/year is saved by using VSD instead of 

flap control of 2.500 kW fan and the payback period of 

VSD investment is 0,5 years [10]. 

The energy consumptions of a forced draft fan (FDF) 

and a primary air fan (PAF) runned for 1 year were 

analyzed. The consumption without VSD was 25.645.627 

kWh, and after utilization of VSD the consumption 

decreased to 17.412.053 kWh with a saving ratio of 32,1% 

[26]. Nel et al. have conducted an energy efficiency study 

of high-capacity power fans operating in a mine in South 

Africa. This study shows that if a VSD is used in fan 

motors, the return of investment is 9 months, and it causes 

a 53% reduction in greenhouse gas [27]. The VSD 

application to the fan coil system in the two library reading 

rooms has provided annual energy saving of 38,9% 

compared to the same system at a constant flow rate [28]. 

The VSD and variable pitch (VP) fan control methods 

were applied to air handling units with axial fans in a 

hospital in Seoul, South Korea. They reported that the 

VSD is suitable for an axial fan driven with low output per 

year while VP is an energy-efficient control method when 

high output is frequent. VSD reduces approximately 20–

30% overall energy consumption of the ventilation system 

[29]. VSD also provides energy-saving rather than other 

conventional control techniques in the parallel fan system 

[30]. As can be seen from literature, fan usage in the 

industry with or without VSD is very common. Fans are 

widely used in AC systems, smoke evacuation fire 

systems, ventilation systems, the exhaust of drying and 

painting booths, vacuum systems, cooling towers, and 

combustion processes so the energy efficiency potential of 

fans is quite high. The flow control system with VSD is the 

best among all of the flow control systems (outlet damper 

control, inlet guide vane control eddy current control, and 

VSD) used in the industry. One of the most well known 

control methodology reducing energy consumption is VSD 

[31].  

Fan systems have an important role in reducing the 

amount of energy consumed, energy cost and carbon 

emissions. The energy efficiency potential of the fans, the 

factors affecting this potential efficiency and the 

importance of the use of VSD are presented within this 

paper. Besides the effect of VSDs on efficiency, other 

energy efficiency possibilities in fans have also been 

investigated. The data obtained from a detailed energy 

audit completed within a factory that has actively operating 

13 fans.  

An energy audit targets to find saving opportunities. 

The data obtained from an ongoing system makes the study 
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more valuable. In its normal conditions, fans are measured 

with calibrated measurement devices. There are not enough 

resources and studies about energy savings by using VSDs 

or other techniques in fan applications. This paper 

specifically offers valuable information to engineers in the 

field.  

Accordingly, the paper is structured as follows. The 

method and the data are described in section 2. The results 

of the calculations are provided in section 3. Section 4 

includes the conclusions and the references. 

 

2. Material and Method 

 

2.1. Fan System Description 
 

13 operating fans were examined within the scope of 

the study including dust extraction (6 pieces), dust transfer 

(2 pieces), chimney (2 pieces), cooling (1 piece), drying (1 

piece), material transfer (1 piece) in various factories. The 

power of the measured fans varies between 15 and 326 

kW. Examining different kinds of fans with varying 

capacities and sizes provides opportunity to evaluate and 

compare the effect of sizes on tbe characteristic 

performance. The relationships between flow rate and 

active/fluid power, differential pressure and fluid power 

are interpreted with the obtained measurements. In this 

paper, measurements were also taken into account to 

examine the effects of frequency, as one of the most 

important fan characteristic parameters of fan performance.  

Since it would not be appropriate to compare the 

frequencies of different fans, the measurements were 

repeated and interpreted by operating a single fan at 

different frequencies. In order to examine the variable 

frequency situation, the analysed fan details are given in 

Table 1. 

In this study, flow rate, pressure (inlet and outlet), 

temperature, engine speed and energy consumption values 

were measured. Air velocity, flow rate and inlet-outlet 

pressures were measured with a pitot tube anemometer, air 

inlet and outlet temperatures were measured with a 

thermometer, engine speed was measured with by 

tachometer. Furthermore, electric current, voltage, power, 

and power factor were measured with an energy analyzer. 

The measurement devices are given in Table 2. 

 

Table 1. Fan-motor system data 

Fan information Electric motor information 

Brand 
New 

York  
Brand 

Reliance 

Electric 

Type 
Plug 

Fan 
Type OMAN53348 

Flow (m3/h) 84.950 Current (A) 73,9 A 

Table 1. (Cont.) Fan-motor system data 

Fan information Electric motor information 

Flow (kg/s) 28,32 Voltage (V) 380 V 

Power (kW) 
53,76 

HP 
Power (kW) 50 HP 

Head (Pa) 
1,12 

kPa 

Frequency 

(Hz) 
50 

Revolution (rpm) 1.006 
Revolution 

(rpm) 
1.475 

 

Table 2. Measurement devices and their characteristics 

Pitot tube anemometer Thermometer 

Brand and type Fluke 922 
Brand and 

type 
Testo 830 

Measuring range 

(m/s) 
0,5/80 

Measuring 

range (sec) 
1,75 

Working 

temperature (°C) 
0-50 Working 

temperature 

(°C) 

-50/500 

Max humidity %90 RH 

Energy analyzer  Tachometer 

Brand and type Fluke 435 
Brand and 

type 
Testo 470 

Measuring range 

(mm) 

1-1000 V 

rms 

Measuring 

range (RPM) 
1/99999 

AC current probe 

Brand   

Fluke /I 

430 Flex 

Measurement 

method 

infrared / 

contact 

Current Probe 

Measurement 

Range 

3000 A 
Measuring 

precision 
±0,2% 

Test Conductors 
TLS430 

1000 V 

 

The duct dimensions vary according to the place 

where the fan is used. For more detailed information and 

evaluation, please refer to [32], [33]. Measurements were 

made in the process conditions of the factories. The 

measured values were recorded at a steady state when the 

values remained constant. The velocity measurements were 

taken from the center of the duct after a distance of 5 times 

the duct diameter from the fan outlet. The measurements 

were repeated for 2 different frequency values, 40,5 Hz 

and 45,4 Hz, to be able to examine the effect of frequency. 

A schematic diagram of the measurement procedure of 

audit is given in Figure 1. 

 
Figure 1. Schematic illustration of metering in energy 

efficiency audits 
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The temperature (T), pressure (P) and Velocity (V) 

parameters were measured from the duct during an energy 

audit measurement. If the inlet of the system was 

atmospheric, no measurement was taken. Atmospheric 

inlet conditions were used in the calculations. But if the air 

was sucked, then the temperature and pressure are 

measured. In addition, the speed of the electric motor, 

electric current (I) and potential (V) and power factor (PF) 

was measured. In energy efficiency audits, measurements 

are generally taken about 5 Dh from the entrance of the 

channels. This depends on the availability of the place of 

the measurement. It must be noted that, since the Re 

>>2.300 in the systems, the fully developed flow could be 

provided closer to the inlet. The measured parameters at 

the measurement points were shown in Table 3.  

 

Table 3. Measured parameters at the measurement points 

Measuring Point Parameter Unit 

MP 1 

T C 

P kPa 

V m/s 

MP 2 

I A 

V' V 

S Rpm 

PF  -  

MP 3 
P kPa 

T C 

 

2.2. Fan Equations 
 

Analyses were performed by using equations for fans 

known as the Fan Affinity Laws. The equations expressed 

as the Fan Laws are considering volumetric flow rate (𝑄), 

fan pressure 𝑃 (fan total pressure 𝑃tf or fan static pressure 

𝑃sf) and effective (shaft) power Ne. The equations are given 

as; 

 

𝑄2 = (
𝑛2

𝑛1
) ∙ 𝑄1 (1) 

 

𝑃𝑡2 = 𝑃𝑡1 (
𝑛2

𝑛1
)
3 𝜌2

𝜌1
  (2) 

 

The Head can be calculated by; 

 

H = Po − Pi (3) 

 

Here, H (kPa) is the Head in pressure difference, Po and Pi 

(kPa) is the air pressure at the fan outlet and inlet. The 

theoretical power for the required pressure (kW) is 

calculated by:  

 

𝑃𝑡 =
𝑄∙𝐻

60
 (4) 

 

The flow rate is calculated with Equation (5) by using 

velocity, pressure and temperature measured in the 

channel.  

 

𝑄 = 𝑉 ∙ 𝐴 ∙
101,3+𝑃𝑜

101,3
∙

273

273+𝑇𝑜
 (5) 

 

In this equation V (m/s) is the air velocity flowing 

through the cross-sectional area A (m2). Ti and To are the 

air temperature at the fan inlet and outlet in (°C). Please 

note that Equation (5) considers the variation of fluid 

density with respect to temperature. The expression related 

to Po and To in the last part of the equation is normalization 

with respect to 1 atm and 0 °C. After measuring the 

electric power P (kW), the specific power consumption 

(kW/Nm3) value is calculated by:  

 

𝑆𝑡 =
𝑃

𝑄
  (6) 

 

Finally, the ratio of theoretical compression power to 

measured power that is the system efficiency is calculated 

by [27], [32], [34]. 

 

𝜂 =
𝑃𝑡

𝑃
 (7) 

 

And Reynolds number can be calculated by; 

 

𝑅𝑒 =
𝑉.𝐷ℎ

𝜈
 (8) 

 

Where υ is the kinematic viscosity and Dh is the 

hydrolic diameter. By utilizing dimensionless Re number, 

variation in the size of fan systems is considered because 

Re includes the size of the system, since the equation 

employs Dh as the size of the system. Similarly, the 

temeperature variations of the fluid are also included in Re 

since υ= μ/ρ, where density (ρ) of the fluid depends on the 

temperature of the fluid. By utilizing a dimensionless 

number, the analyses become free of system size and 

operating parameters. 

 

3. Results and Discussion 

 

Fan power is the amount of electric power required to 

transport a desired air volume. The required power 

depends on the flow rate, the resistance of the flow area 

and efficiency of fan system. Energy consumption reduces 

at lower airflow rates. Moreover, the fan airpower is 

equivalent to the product of the intake volumetric airflow 

rate, total pressure difference across the fan and the power 

frequency [33], [35], [36]. Figure 2 shows the relationship 
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between flow rate and fluid power and active power. As 

seen in the figure, flow rate is directly proportional to the 

fluid power, and active power. As the flow rate increases, 

both fluid power and active power increase. Figure 2 

indicates that active power and fluid power differs 

according to flow rate. This difference stems from the 

efficiency of the fan and motor. Since the sizes of each fan 

system are different, the difference between active power 

and fluid power is also variable. Fans, turbo compressors 

and turbo pumps are called volumetric machines. The 

reason why they are called volumetric is that the volume 

between the blades that impuls the fluid does not change. 

Increasing volumetric flow rate means higher fluid power 

and parallel to this, more active power consumption 

according to Equation (4).  

Figure 2 also proves that Equation (4) provides the 

same results in practice. Trend lines added to fluid power 

and active power data, which have different slopes. As it 

can be seen in the figure, the slope of the active power line 

is higher. Similar to specific power consumption, both 

lines illustrates the required energy to impuls the unit 

volume of the fluid in terms of kW/m3/s = kJ/m3. In this 

case, the highness of the slope of the active power line can 

be interpreted that as more powerful system is used, the fan 

and motor efficiencies decrease. 

 
Figure 2. Relationship between Flow - Active Power - 

Fluid Power 

 

Figure 3 depicts the effect of differantial pressure 

difference on fluid power. In order to avoid errors because 

of the size and purposes of the system, identical fans are 

considered in the analysis. The figure shows the directly 

proportional relationship between differential pressure and 

fluid power. The differential pressure specified here is the 

head calculated in Equation (3). Therefore, the slope in 

Figure 3 stems from the power expression calculated by 

Equation (4). The slope of the line given in this graph 

provides the volumetric flow in (m3/s). The fluid power 

boosts with the increase of the differential pressure in the 

case of a constant volume flow. It can be evaluated in 

terms of energy efficiency as, as higher differential 

pressure is required, the larger the fan is needed. This 

cause more friction losses meaning less efficient system. In 

this case, the most appropriate choice would be utilizing 

the smallest fan to provide the same flow rate with the 

lowest energy. 

 

 
Figure 3. Relationship between Differential Pressure-Fluid 

Power 

 

In Figure 4, temperature and fan efficiency 

relationships are provided for the examined fans. Fan 

efficiency tends to decrease with the increasing 

temperature. If the temperature of the air entering the 

blades increases, its density increases. If the density 

increases, the mass flow rate of the air within the same 

volume decreases. In this case, the efficiency decreases as 

less mass flow is directed to the outlet ducts with the same 

energy. Such applications are frequently encountered in 

chimney fans. In such cases, placing the fan at the highest 

point where the flue gases are the coldest is recommended 

to ensure the highest efficiency. 

 
Figure 4. Temperature - Fan Efficiency relationship 

 

The relationship between Re and the fan efficiency is 

provided in Figure 5. As it is seen from Figure 5, 

Re>>2.300, that means very high turbulence exists in the 

flow area. This is an obviously expected result since the 

flow field is in downstream of an industrial fan. The figure 

depicts that the system efficiency decreases as Re 

increases. Because, friction losses increase with the speed 
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and fan must compensate the increased losses. Therefore, it 

is recommended to transfer the air with the least possible 

velocity through the ducts [37].  

In Figure 5, an inverse relationship is seen between 

Re and fan efficiency. The relationship can be represented 

by a V-η coefficient that is –1,088 (%/m/sn). This 

coefficient can be considered as the effect of fluid velocity 

to the fan efficiency.  

In duct systems, sharp elbows create turbulent areas 

resulting vortexes that prevent the fluid flow. In other 

words, sharp turns such as 90° miter bends create counter 

pressure. Utilizing the fan system for suction may be more 

efficient instead of pressurizing the flow. In such cases, 

making the air duct larger to reduce the speed may be 

recommnded. However, the larger the channel, the greater 

the initial investment cost would be. Therefore, size 

selection should be performed considering the initial 

investment and operational costs for the system’s life span. 

The measurements of frequency evaluation are given 

in Table 4. Power factor is measured 0,82 for both 

frequency values. It is observed that a 12% reduction in 

frequency (from 45,4 Hz to 40,5 Hz) results in 11,8% 

decrease in the speed (rpm). Frequency and speed ratios 

have decreased approximately at the same rate. Flow rate 

decreases by 4,58% from 17,72 Nm3/s to 16,94 Nm3/s. 

Power demand decreases 37,7% from 32,9 kW to 23,9 kW. 

A significant energy saving has been achieved in the 

required flow rate by reducing the fan operating speed. 

This example shows the difference in the energy efficiency 

of operating at suitable speeds in fans. Significant energy 

savings can be made with frequency/speed adjustment 

according to operating conditions instead of 50 Hz grid 

frequency. 

 

 
Figure 5. Air Velocity-Fan efficiency relationship 
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F   V P Pin Pout H Tin Tout 

Hz rpm m/s kW kPa kPa kPa °C °C 

45,4 1335 10,71 32,9 -0,35 0,28 0,63 23 24,8 

40,5 1197 10,18 23,9 
-

0,284 
0,2 0,484 21,8 22,8 

 

Table 5 shows the frequency of specific energy 

consumption and total efficiency values. As can be seen 

from Table 5, efficiencies at two frequency values are very 

close. However, while the specific energy consumption at 

45,4 Hz is calculated as 1,86 kPa, 1,41 kPa is obtained at 

40,5 Hz. With the 12% decrease in frequency, the specific 

energy consumption decreases by 24%. This result is 

proportional to reference [32] and agrees with reference 

[38]. 

 

Table 5. Variation of fan system efficiency depending on 

the frequency 

  Airflow 
Theoretical 

Power 

Specific 

energy 

consumption 

Total 

Efficiency 

f Q Pt P/Q η 

Hz Nm³/s kW kPa % 

45,4 17,72 12,15 1,86 36,92 

40,5 16,94 8,87 1,41 37,11 

*40,5 17,3 8,81 1,5 36,85 

*First two lines are experimental results, and the third line 

is based on the theoretical calculation. 

 

In Table 5, flow rate, power, specific energy 

consumption, and total efficiency values calculated 

theoretically according to the fan laws are given in the 

bottom line. The most important side of this table is the 

effect of frequency on fan efficiency. Reduction of the 

frequency reduces the consumed power since it decreases 

the motor revolution speed. At low speeds, the motor 

consumes less energy. In this case, the power conducted to 

the air reduces proportionally. Thus, the efficiency, which 

is the ratio of these two magnitudes, does not change. The 

resulting remark of this study is contrary to the literature 

that the frequency does not have any effect on the fan 

efficiency. 

In Table 5, there are differences between the values 

obtained by analytical calculation. For example, while the 

flow rate calculated with Eq. (1) is 17,3 Nm3/s, the 

measured flow rate is 16,94 Nm3/s. The experimental value 

is 5,67% lower than the value calculated according to the 
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fan laws. The reason for this is that Equation (1) states that 

there is a linear proportion between revolution and flow 

rates. If the measured air duct were a straight and short 

duct, then perhaps the value calculated with the help of 

Equation (1) could be obtained. However, air ducts usually 

have sharp turns and elbows that cause counter pressure, 

depending on the structure of the installation. The counter-

pressure decreases if the speed is decreased. Equation (1) 

does not include the reduction in counter pressure, it only 

considers the speed of rotation. As a result, the flow rate 

measured in the operational air duct is theoretically less 

than the flow calculated for a duct without losses and 

counter pressures. However, it is not the case for the power 

calculated by Equation (2). The power calculated by using 

the velocity measured from the air duct, theoretically 

represents the required power in an ideal installation 

without irreversibilities. That means, both are lossless-

theoretical power. Therefore, they are calculated with a 

small difference of 0,67%. 

Fans should be designed to meet the required flow 

rate. Unnecessarily high flow rates should be avoided 

because higher mass/volumetric flows require more 

energy. The smallest possible fan should be selected. 

Discharge temperatures should be chosen as low as 

possible. If possible, hot gases should be cooled with a 

heat exchanger before it enters the fan. According to the 

fan law, efficiency is calculated as the ratio of required 

power to measured power. Therefore, the calculated 

efficiencies are very close with a negligible difference. 

However, the variation of the flow rate is reflected in the 

specific energy consumption. The specific energy 

consumption calculated according to the fan laws and the 

experimental data are achieved 1,5, and 1,41 respectively. 

The difference is due to the irreversibilities such as 

pressure losses, friction losses, and the leaks etc. It is 

understood that a correction factor should be used in 

calculations to be made according to the fan laws in fan 

systems. 

In the case of a variable flow system, a VSD driven 

high-capacity fan, can be expensive and/or inefficient. 

High-capacity fans can enter the unstable state easier at 

low flow rates. If there is a variable flow rate requirement, 

the use of multiple fans instead of a VSD driven high-

capacity fan may be more appropriate. But this selection 

requires more space for multiple fans installation. 

Therefore, fan capacity should be calculated carefully as it 

affects the initial investment cost. 

 

4. Conclusions  

 

Energy efficiency should be treated as a new 

renewable energy source to reduce dependency on 

imported energy. Fan systems have a huge energy 

efficiency, reducing the energy consumption, energy cost 

and carbon emissions potential in the industry. Generally 

decision makers prefer the cheapest fan and unfortunately 

the cheapest fans operate with a low efficiency. Sometimes 

larger fan capacities lead to a less efficient system. In this 

study, the energy efficiency potentials of the fans are 

highlighted. One of the most important parameters, 

utilization of VSD in fan systems, is presented by adding a 

case study. 

There is an energy savings potential between 15% 

and 40% by enhancing control strategies. In fan systems, 

particular attention should be paid to productivity in 

design, assembly, operation, and maintenance with a 

holistic approach. In this paper, it is concluded that, 

I- The air temperature and velocity have a negative 

effect on the fan efficiency. 

II-The improvements made by frequency control do 

not significantly affect the efficiency. 

III-However, one of the most valuable findings of this 

precise study is that for every 1 Hz reduction in frequency, 

the revolution of the fan decreases by 28, the power 

decreases by 1,84 kW, and the specific energy 

consumption decreases by 91 W (4.9%). 

Finally, it should be noted that VSD systems should 

be used carefully since the reduction of the fan speed may 

cause over heating in fan motors. Additionally, the results 

of this study will provide a guidance to the engineers and 

researchers, who would consider using VSD in their fan 

systems. 
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