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Investigations on optical and photo-thermal conversion characteristics of 
BN-EG and BN/CB-EG hybrid nanofluids for applications in direct 
absorption solar collectors 

S.K. Hazra a,*, M. Michael b, T.K. Nandi a 

a Cryogenic Engineering Centre, Indian Institute of Technology Kharagpur, West Bengal, 721302, India 
b Department of Metallurgical and Materials Engineering, Indian Institute of Technology Kharagpur, West Bengal, 721302, India   

A R T I C L E  I N F O   
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A B S T R A C T   

Direct absorption using a nanofluid is an efficient way of harnessing solar energy. Present works aim to inves
tigate hexagonal boron nitride-ethylene glycol (BN-EG) nanofluids and BN mixed with carbon black (CB) in EG 
(BN/CB-EG) hybrid nanofluids for applications in direct absorption solar collectors (DASCs). Nanofluids were 
prepared by using the two-step method. Stability and homogeneity were inspected photographically after storage 
of one month. The optical properties of the nanofluids were measured and computed under varying concen
tration mixing ratios (CMRs). An absorbed energy fraction of 98.92% was obtained in a 2.0 cm height of 90 ppm/ 
15 ppm BN/CB nanofluid. Photo-thermal conversion performances of the nanofluids were investigated using a 
small in-house built experimental collector. Temperature-rises in the working fluids were measured under 
varying durations of exposure to a fixed irradiance, fluid height, and CMRs of the nanoparticles. An enhancement 
of 34.55% photo-thermal conversion efficiency over that of EG alone was obtained in the 90 ppm/15 ppm BN/CB 
nanofluid after 1200 s exposure to 437 W/m2 incident irradiance. Some basic approaches for designing a DASC in 
an optimized manner are also discussed. It is concluded that BN/CB-EG hybrid nanofluids can be the prospective 
working fluids in DASCs.   

1. Introduction 

Solar energy, being renewable, abundantly available, and non- 
polluting in nature, is widely considered and being investigated to
wards its efficient storage and utilization [1,2]. Photo-thermal conver
sion in a solar collector, comparing with photo-chemical and 
photo-voltaic methods, is a more efficient process for storing solar en
ergy [3]. There are mainly two types of solar collectors available in 
practice, surface absorption and direct absorption [4]. In surface ab
sorption solar collectors, incident radiation is first absorbed in the re
ceiver’s surface and then transferred to the working fluid by conduction 
and convection. Owing to the thermal resistance between the surface 
and the working fluid, the body temperature of the receiver can be much 
greater than the working fluid. This may cause a significant amount of 
radiative energy loss to the surrounding resulting in reduced 
photo-thermal storage efficiency. On the other hand, in a direct ab
sorption solar collector (DASC) the incident illumination is volumetri
cally captured by the working fluid and stored in the form of heat. Thus, 

radiation energy loss from the body is reduced and the energy storage 
efficiency is improved [4,5]. 

Commonly used heat transfer fluids (HTFs), such as water, ethylene 
glycol, engine oil, etc., have very poor absorption characteristics to
wards the incident solar radiation. When certain nanoparticles are sus
pended in these HTFs, significant improvements in optical and thermo- 
physical characteristics, hence, in conversion efficiency are achieved [6, 
7]. Even a very low concentration of nanoparticles, typically a few mg 
per liter, can improve the energy storage capacity significantly 
compared to that using the base fluid alone [8]. 

Photo-thermal conversion of various nanofluids using metals [9,10], 
metal oxides [11,12], carbon materials [8,13], core-shell [14,15], etc., 
have been studied over the years. Zeiny et al. [9] experimentally studied 
the photo-thermal conversion efficiency of individual aqueous solutions 
of gold, copper, and carbon black. They observed maximum enhance
ments in the conversion efficiency, over that in the base fluid, of 72%, 
100%, and 125% using 150 ppm gold-water, 3000 ppm copper-water, 
and 100 ppm carbon black-water nanofluid respectively. Chen et al. 
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Photo-thermal conversion characteristics of carbon black-ethylene glycol
nanofluids for applications in direct absorption solar collectors
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H I G H L I G H T S

• Carbon black-ethylene glycol (CB-EG) nanofluids were investigated.

• Extinction coefficient increased linearly with CB concentration within 450–820 nm.

• An enhancement of overall photo-thermal efficiency of 27.43% was obtained.

• Local photo-thermal efficiency improves with concentration and depth of fluid.

A R T I C L E I N F O

Keywords:
CB-EG nanofluid
Direct absorption solar collector
Photo-thermal conversion efficiency
Absorbed energy fraction

A B S T R A C T

Direct absorption solar collector (DASC) is a promising method of harvesting solar energy. Present work con-
siders carbon black-ethylene glycol (CB-EG) based nanofluids as the working fluids for DASC applications.
Nanofluids were synthesized by the two-step method. Various studies carried out in this work include long time
homogeneity, energy absorption characteristic and transient temperature profiles as functions of fluid thickness,
light exposure time and concentration of the nanoparticles. Improved absorption characteristics, compared with
those of the base fluid, towards incident irradiance were observed in all cases. About 27.90% increment in
overall photo-thermal conversion efficiency over that of the ethylene glycol (EG) alone is observed for the case of
15 ppm carbon black (CB) concentration with an exposure time of 1200 s. Measured data show increasing trends
in local photo-thermal efficiency with the thickness of the liquid layer as well as with the concentration of the
suspended nanoparticles. These studies confirm that CB-EG based nanofluids can be used as potential working
fluids for DASCs.

1. Introduction

Fossil fuel based conventional energy sources are generally re-
sponsible for global warming and environmental pollution [1]. Thus,
the renewable energy sources have become alternative options for
meeting the energy demand in utility sectors [2]. Solar energy is one of
the commonly used substitutes for energy source due to its clean nature,
abundance and free availability [3]. Solar radiation in the ultra-
violet–visible range is used in electric energy production through
photo-electric conversion [4]. On the other hand, the entire range of
wavelength in the solar spectrum can be used for producing heat energy
by photo-thermal conversion [5]. Compared to solar photo-electric
conversion, photo-thermal conversion is less complex, straight forward
and an efficient means of utilizing solar energy [1].

A solar collector is a device in which the energy of the incident solar

radiation is stored in the form of heat energy [6]. Conventionally, in a
surface absorption based solar collector the incident solar heat flux is at
first absorbed in a surface and then dissipated into the working fluid
[7,8]. Conductive resistance in the absorbing surface and convective
thermal resistance within the fluid are present in this process of energy
dissipation causing reduction of photo-thermal conversion efficiency
[9,10]. Abdelrahman et al. [11] showed that in a concentrated solar
collector, the temperature of an absorbing surface could be as much as
500 °C higher than that of the working fluid. This can lead to a sig-
nificant radiative energy loss from the absorber, which is proportional
to the fourth power of the temperature. Besides, surface-based absor-
bers have their own limitations on absorption and transmission of in-
cident radiation depending upon the available surface area of the col-
lector [12]. Minardi and Chuang [13] in the year 1975 first proposed
the concept of a direct absorption solar collector (DASC), where the
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