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Abstract—This article proposes the idea of using Solar Energy (SE) as a source of power for designing and developing a standalone 

air-cooling system. This type of application is particularly suited for rural areas that have a considerable amount of solar radiation 
and have no access to grid systems. The proposed system is comprised of a photovoltaic (PV) array, DC-DC boost converter and DC-
DC buck converter. Two Permanent Magnet Brushless Direct Current (PMBLDC) motors are employed to drive a centrifugal water 
pump and an air blower coupled to their individual shafts. The air blower is connected with a DC-DC boost converter . A centrifugal 
water pump is connected with a DC-DC buck converter. The challenging task in an air cooling system is to maintain the constant 
speed of the blower under variable irradiance conditions. The power provided by the solar PV array can be shared between the two 
DC-DC converters in such a way that the BLDC motor connected with the blower will maintain a constant speed by maintaining the 
constant voltage of the DC-DC boost converter. The rest of the available PV power will be handled by the pump. Case studies have 
been performed with a variable PV irradiance and the results are explored. 

Index Terms—BLDC air blower, BLDC motor, BLDC Pump, PV System. 

I. INTRODUCTION 

The rate of energy consumption is increasing very rapidly due to increases in population, 

industrialization, transportation, etc. and the energy supply is depleting due to the annihilation of fossil 

fuels, resulting in inflation and energy shortages. This paves the way for exploring other available 

renewable resources. Among all the renewables, solar is the most abundant and the effective harvest of this 

energy can easily fulfil the present energy demands of the world. 

Though the extraction of energy from the sun is a bit costly, the reduction in the cost of power electronic 

devices and Solar 

Panels in recent years along with their increased lifetime has increased the usage of solar photovoltaic 

(PV) based generation for various household and industrial applications. 

Although several researches have been carried out on PV array fed automotive and irrigation systems 

combining various DC-DC converters and motor drives , very little work has been done on PV based home 

appliances. Further, the applications of BLDC motors are expanding, as these motors are highly reliable, 

highly efficient, with low radio frequency interference, noise and high torque/inertia ratio with improved 

cooling, and require practically no maintenance. Due to these merits, a BLDC motor is considered to help 

develop a solar PV fed air cooler, which can operate satisfactorily for longer time periods as compared to 

brushed motors under dynamically changing atmospheric conditions.  

The challenging issue in designing a solar air cooler as compared to solar pumps is to maintain the 

constant speed of the motor that drives the air blower. In the process of maintaining the constant speed of 

the air blower, power imbalance occurs between the PV source and the load which otherwise leads to a 

continuous rise or fall in the DC capacitor voltage. To avoid this power imbalance and to manage DC 

voltage within limits, an additional BLDC motor is used which can be used to drive the pump load in the 

cooler. The inverters are operated at fundamental frequencies which are obtained from the motor running 

speed which reduces the switching losses in the inverter. A hall sensor-based scheme is adopted to obtain 

the speed and position of the BLDC motor. The electronic commutator provides the gate pulses to the 
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inverter circuit and hence controls the pattern of the stator currents of the BLDC motor. An inner 

hysteresis current controller based speed controller scheme is adopted 

    Which controls the motor speed control and also limits the current flowing through the inverter and the 

BLDC motor which is used to drive the air blower. 

Existing system 

The existing system is comprised of a photovoltaic (PV) array, DC-DC boost converter and DC-DC 

buck converter. Two Permanent Magnet Brushless Direct Current (PMBLDC) motors are employed to 

drive a centrifugal water pump and an air blower coupled to their individual shafts. The air blower is 

connected with a DCDC boost converter that ensures a maximum power point (MPP) operation. A 

centrifugal water pump is connected with a DC-DC buck converter. The challenging task in an air cooling 

system is to maintain the constant speed of the blower under variable irradiance conditions. 

The power provided by the solar PV array can be shared between the two DC-DC converters in such a 

way that the BLDC motor connected with the blower will maintain a constant speed by maintaining the 

constant voltage of the DCDC boost converter. The rest of the available PV power will be handled by the 

pump. The suitability of the proposed system for various perturbations is evaluated by simulating the 

proposed system using a MATLAB/Simulink and is validated by conducting experiments. 

Proposed system 

The main components include solar panel from which the power is to be taken and a Boost converter along 

with a Electronic speed controller (ESC) and a air blower. In this proposed system, with the temperature 

variations, the boost converter set to control the speed of the fan. The voltage from the PV panel is fed into 

boost converter, will boost the input voltage to a higher voltage required by the motor.  Basically boost 

converter acts as the backbone of the system controlling all the operation. And another one DC-DC 

converter are used for the centrifugal pump the name are Buck converter. The centrifugal pump work is to 

pump the water through for the cooling purposes inside the air cooler. 

 

II SOLAR AIR COOLER SYSTEM CONFIGURATION 

The input power is obtained by using a Solar PV panel connected in an array fashion, a DC-DC (boost) 

converter, along with a voltage source inverter (VSI) and two BLDC motors with an air blower and pump 

loads coupled to their shafts which are the basic building components of a solar air cooler. The BLDC 

motor has an inbuilt encoder which encodes the signal generated by the Hall sensors. These signals are 

sent to the electronic commutator which controls the gate pulses of the inverter feeding the BLDC 

accordingly. The detailed working operation of the proposed solar air cooler is explained in upcoming 

sections. 

that produces a trapezoidal back EMF is used to represent the electrical and mechanical parts of the 

BLDC motor. 
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Working 

   The solar panel from which the power is to be taken and a Boost converter along with a Electronic speed 

controller (ESC) and a air blower. The temperature variations, the boost converter set to control the speed 

of the fan. The voltage from the PV panel is fed into boost converter, will boost the input voltage to a 

higher voltage required by the motor.  Basically boost converter acts as the backbone of the system 

controlling all the operation. And another one DC-DC converter are used for the centrifugal pump the 

name are Buck converter. The centrifugal pump work is to pump the water through for the cooling 

purposes inside the air cooler. 

The ratings of the BLDC that drives the blower is set to 0.15HP whereas the pump driving the BLDC 

motor rating is chosen based on the margin of solar irradiance up until when the blower is expected to 

operate at constant speed. As both the BLDC’s are powered by the same PV source, whenever there is a 

reduction in solar irradiance, the power output of the PV system is also reduced. This causes the blower 

fan to deviate from its constant speed. During this period, the power supplied to the pump BLDC is 

curtailed and the maximum possible power is provided to the blower fan BLDC so as to maintain its speed.  

A three-phase BLDC model is used in the proposed configuration, even though any number of phases 

can be realized. The BLDC drive can be modeled when phase A is conducting and is given by: 

dia 

where Vais the input DC voltage given by the boost converter, Iais 

the current flowing through phase-A, Ra is the resistance of the phase-A winding, La is the self-inductance, 

Eais the phase induced EMF, k is the induced EMF constant,ωis the rotor electrical speed and f(θ) is a unit 

function corresponding to the induced EMF of the BLDC as a function of the rotor electrical position. A 

similar equation can also be valid for Phase-B and Phase-C respectively. With the phase sequence 

triggering, four modes of operation can be obtained such as motoring, braking, reverse motoring and 

reverse braking. The function f(θ) is illustrated in Table I. 

 

Whereas the other phase functions are displaced at an angle of 1200. The electromechanical equation 

with the load is given by: 

dω 

 J + Bω+ T = T  

 

 Design of Blower Fan and Pump Loads 

The blower fan and pump loads are designed based on the load torque-speed characteristics. As per these 

characteristics, both loads exhibit similar torque speed relations which are given by: 

   

wherex ∈ (f,p) represents the blower fan and pump respectively, −ω is the rotor mechanical speed in 

rad/sec, and Tx− is the centrifugal pump or blower fan load torque. At a steady state, the electromagnetic 

Va= IaRa+ La + Eadt  

Ea= kf(θ)ω  
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torque developed by the BLDC motor is equal to the load under steady state operation. For the considered 

power rating, the value of kxcan be obtained by using: 

  (19) 

III CONTROL SCHEMATIC 

The proposed solar air cooling system has two controllers, namely the electronic commutation based 

control scheme and the speed control scheme for pump and fan load respectively. 

A. Electronic Commutation Based Control Scheme 

The 120-degree switching logic is one of the most common strategies to control the six-step VSI. In this 

method, each phase will be conducted two times in one full cycle with a span of 120 electrical degrees 

each time. Therefore, to have a balanced operation of the BLDC, the hall sensors are spatially placed at 

120 degrees apart . 

 
SWITCHING STATES FOR ELECTRONIC COMMUTATION OF THE BLDC MOTOR 

Hall signal state EMF of phase  Switching states  

Ha Hb Hc ea eb Ec Q1 Q2 Q3 Q4 Q5 Q6 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 0 −1 +1 0 0 0 1 1 0 
0 1 0 −1 +1 0 0 1 1 0 0 0 
0 1 1 −1 0 +1 0 1 0 0 1 0 
1 0 0 +1 0 −1 1 0 0 0 0 1 
1 0 1 +1 −1 0 1 0 0 1 0 0 
1 1 0 0 +1 −1 0 0 1 0 0 1 
1 1 1 0 0 0 0 0 0 0 0 0 

The BLDC VSI’s are switched at the fundamental frequency which is obtained by the electronic 

commutation controller which provides for the Pump-load; the speed of the BLDCmotor is left free and 

dictated by the additional power available from the PV source, and no external controlling circuit is used to 

fix the speed, thereby maintaining the power balance, which further maintains the DC link voltage with-in 

limits. From the above table, the system equations can be derived as: 

B. Speed Control Scheme 

The speed of the air blower BLDC motor is controlled by using the control scheme as shown in Fig(a) 

and its speed controller is given in Fig.(b). 

 

(b) 
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Fig.  (a) Combinational logic to implement the six step inverter. (b) BLDC motor speed controller. 

For the proposed air blower, a fixed speed is obtained by using the hysteresis control method. It 

compares the reference speed with the original speed of the BLDC Motor and generates a torque reference 

which when divided by the machine torque constant ‘kT’, gives the current reference magnitude. This 

current reference magnitude is multiplied with the hall signals generated back EMF (ef
abc) pattern to obtain 

the current reference (if
abc

∗). These current references are then compared with the actual current flowing in 

the stator through which an error signal is obtained, which is passed through a hysteresis controller that 

provides the pulses to trigger VSI switches resulting in a desired speed for the air blower fan. 

 

IV CONCLUSION 

A solar standalone air-cooling system using a pair of BLDC motors to drive the pump and air blower fan 

load coupled to their individual shafts is implemented in MATLAB/Simulink and then verified by 

conducting an experiment. The DC-DC buck converter ensures the proper operation of the pump. The 

speed of the air blower system is maintained constant with the help of the pump load, although there is 

variation in the solar irradiance. Furthermore, the speed controller is used to vary the speed of the air 

blower as per the user requirements and ensuring its ability to extract maximum possible power from the 

PV system. 
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