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Abstract 
When an electromagnetic wave interacts with participating media (e.g. particulate media); the intensity of the radiation may be changed by the absorption, emission and scattering phenomena. Subsequently, the incident radiation will be attenuated and/or augmented under the effect of these phenomena. Light scattering and absorption by small particles are quite important in a wide range of applications such as meteorology, biomedicine, biophysics, astronomy, combustion, fire and flame, and solar thermal applications. Particulate media have been introduced as a working medium to improve the efficiency of thermal systems such as solar thermal power plants. The efficiency of the direct absorption solar thermal collectors (DASC) can be improved by using particulate media because of the unique thermo-optical properties, which in turn leads to enhance the thermal performance. The main objective of the present study is to investigate the effect of the participating media in the volumetric heat generation under the concept of photo-thermal energy conversion.
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INTRODUCTION 
In the field of solar radiation utilization, solar thermal collectors are the most important parts of the solar thermal systems. However, the efficiency of these collectors is limited by the absorption properties of the working fluids, particularly water. Nanoparticle suspensions have been introduced as working media in solar thermal collectors to improve thermal efficiency and to reduce the size of such systems (energy efficient solar collectors) by using light induced energy conversion technique in a volume of suspended nanoparticles. It refers to direct absorption solar radiation (volumetric photo-thermal energy conversion), as shown in Figure 1. This figure shows the principles of photo-thermal energy conversion, where the incident solar radiation is directly absorbed by a volume of fluid which includes suspended particles. Then this energy is exploited in thermal applications. This method is one of the efficient methods in the field of energy conversion and production. 
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Nanoparticle suspensions are found to be effective electromagnetic wave absorbers within UV–Visible wavelength ranges where 85% of solar energy is dissolved. While conventional base fluids absorb 15% of solar energy within infrared wavelength range, nanoparticles have unique thermal and optical properties which are the basis of thermal applications [1–3]. In the field of particle suspension, long term stability of suspended nanoparticles is the key for any thermal application which includes such type of suspensions [4]. 
Owing to the advancement in nanotechnology during the past 20 years or so, applications of nanoparticles in solar thermal systems have been proposed. Compared to larger particles, the suspension with nanoparticles exhibits better stability with unique performance. In addition, the clogging and fouling would be less significant for suspension with nanoparticles [5,6]. Absorption of light within the nanoparticle suspensions, largely by the nanoparticles, leads to a temperature rise in the suspensions that can then be exploited as thermal energy.
For that, the radiative properties of the suspended particles and the media that contains those particles should be investigated deeply. As there are many particles in a particulate medium, the scattered photon from a particle may interact with those from other particles. This means, an incident beam can be scattered more than one time and they can be scattered again by the nearby particles [7,8].
The potential of using nanoparticles in the direct absorption solar collectors was first proposed by Tyagi et al. [9], they compared the collectors’ performance using water/Al nanofluid as the working media. The radiative properties of water/ nanofluid were investigated by Said et al. [10], the transmissivity of the nanofluid was achieved up to 60% in the particle volume fraction 0.08%, and it was proven that the water/ nanofluid could be a good option for the direct absorption solar collectors. More recently, the radiative properties are measured for the different metal oxide nanoparticles under the effects of temperature and particle concentration [11,12]. Several nanofluids were prepared for this purpose, water based with metal oxide ( were investigated, and results conducted that the water/ nanofluid with 0.05% volume fraction required minimum pumping power and show good radiative properties.    
Through the analysis of the optical and thermal behavior of particulate media, it is clear that photo-thermal energy conversion is important to not only the solar thermal systems but also to the electric power generation and solar chemical technology. This research investigates the effects of nanoparticle suspensions (water/ nanoparticle suspension) at different particle concentrations on the radiative properties and radiative transfer phenomena. The effect and contribution of the  nanoparticles on the radiative properties in the UV-Vis-NIR wavelength ranges are observed, which have a significant impact for the solar thermal applications.

Theory
The principle of the photo-thermal energy conversion is converting the energy of the incident radiation to thermal energy, solar thermal systems collectors are one of the examples. The energy equation for the solar system collector, accounting for the volumetric heat release, can be written as:
 


where , , T, u and  are the density, specific heat, thermal conductivity, temperature, the velocity of the medium, and volumetric heat generation respectively. The source term ( in Equation 1 represents the energy transfer between the medium and the suspended particles (between the phases) [13,14]:



where the subscript () refers to the nanoparticles and () is the volume occupied the nanosuspension.
In order to determine the volumetric heat generation inside a participating media, the spectral intensity must be integrated over the entire spectrum within all wavelengths and directions [15,16]. 



It is usually to describe the direction vector in terms of a spherical or polar coordinate system. Consider a point  on an opaque surface  radiating into another medium, as shown in Figure 2. This figure shows the radiation propagation in a hemisphere to demonstrate the incident field. 


Figure 2. Hemisphere shows the direction of incident radiation and solid angle relations [16].












The radiative transfer equation (RTE) in its quasi-steady form requires the knowledge of the radiative intensity () at a single point in space into the direction of (), can be written as [15,16]: 



In diluted suspensions (low particles concentration) the scattered intensity of a particulate suspension is equal to the scattered intensity from a single particle multiple by the number of the particles, which is known as the linear summation rule. This rule is applicable and valid for most radiative transfer applications, where scattering and absorption are treated independently [15,17]. 
The size parameter (), the relative complex refractive index of the nanosuspension (), can be estimated using the following relation:



The scattering and absorption coefficients of the suspended nanoparticles can be calculated as:




The extinction coefficient (scattering and absorption) of the nanoparticles can be calculated as:


The medium absorption should be taken into the consideration. Therefore, any absorption of the medium must be incorporated in the calculations. Then, the extinction coefficient is obtained from [18]:



where  is the absorption index of the medium which is wavelength dependent. 
The total extinction coefficient of a nanosuspension when combined is as given below:



results and dıscussıon 
Figure 3 shows a transparent enclosure includes a particulate (participating) media. This figure describes the radiative phenomena inside a particulate media. When radiative energy travels through participating media, the incident beams are attenuated by scattering and absorption, while others are transmitted through this media to the other side.
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Figure 3. Incidence of radiative energy on a particulate media 















In the present research, the results are obtained for water based  nanosuspensions. The effects of suspended nanoparticle size () in different particle volume fractions on the radiative properties are theoretically investigated. 
Figure 4 shows the scattering coefficient of the water based nanosuspensions. The effect of particles volume fraction (0.01, 0.06 and 0.1%) on the scattering behavior is explained. It can observe that particles with small size have scattering coefficient approaches to zero in the longer wavelength ranges; almost when the wavelength approaches or longer than 600 nm. The effect of the particles is shown clearly at short wavelength ranges. As the number of suspended particles (particle concentration) increase, the scattering coefficient increases. The relationship between the particle size and the incident wavelength is one of the most important parameters which affect the radiation transfer phenomena. Therefore, nanoparticles play an important role in the UV-Vis wavelength ranges.  
The extinction coefficient (scattering and absorption) of the nanosuspensions is shown in Figure 5. In this figure, the scattering effect comes from the effect of the particles where the medium (water) contributes by the absorption effect. The absorption coefficient is included in the infrared wavelength range, where water has low absorption index in the UV-Vis wavelength ranges. Particle scattering in the UV-Vis wavelength ranges can enhance the extinction coefficient of the media. Indeed, the radiative properties of the particles and the medium are the basis of the direct absorption solar collectors, where the energy of the incident radiation (electromagnetic energy) is converted to the thermal energy. The extinction coefficient refers to the absorption of the incident radiation by the participating media.     

Figure 5. Extinction coefficient of water based ( nanosuspensions
Figure 4. Scattering coefficient of water based ( nanosuspensions
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Figure 6. Radiative energy source in ( nanosuspension. (a) 0.01% v/v, (b) 0.06% v/v and (c) 0.1% v/v

The incident radiation on a participating media undergoes two phenomena: attenuation and augmentation. Radiation attenuation comes from the effects of absorption and out-scattering (the deviation of the incident radiation to a direction other than the incident direction). On the other hand, radiation augmentation includes the effects of the re-radiation (emission) and in-scattering (increasing the scattering in the direction of the incident radiation). These two phenomena (attenuation and augmentation) are explained by the radiative energy source, which indicates the absorption behavior of a participating media.
Figure 6 shows the radiative energy source which is generated in the volume of participating media (nanoparticulate media). The boundaries of the volume are specified as follows: the upper face is a radiant source (1400 , the lower face is adiabatic and reflects the incident radiation inside the volume of the nanosuspension, the side surface is adiabatic surfaces. The main objective is to observe the effect of the nanoparticles on the radiative transfer phenomena and to clarify the effect of particle concentration on the radiative heat generation in the participating media. The generated radiative energy inside a volume of participating media is one of the thermal applications which are desired for different engineering and industrial applications. The spectral properties of the participating media play a significant role in these applications. 

conclusıon 
Suspended nanoparticles play a significant role in a wide range of applications because of their thermal and optical properties. Particle size and size distribution show significant effects in different wavelength ranges, which is very important in specific applications including solar thermal systems in addition to other applications. Radiative properties (scattering and absorption) carry the significant impact on the thermal radiative transfer, where the energy of the incident radiation is converted directly to thermal radiation. Different nanoparticles in different conditions show different radiative properties, which can be exploited in the thermal field for specific applications.
The aim of the using participating media is not only to convert concentrated radiation energy into thermal energy as efficiently as possible but also, to achieve the highest possible temperatures while retaining this high thermal efficiency.  
In this study, it can observe that the nanoparticles play a significant role in the UV-Vis wavelength ranges where a large amount of the solar energy is dissipated. The extinction coefficient of the media is enhanced and affects the radiation transfer performance. Particle size and number have important effects on the thermal radiation transfer, increasing particle concentration leads to enhance the radiative properties.    

Nomenclature 
		Specific heat, kJ / kg oC
		Particle diameter, m
 	Spectral radiation intensity, 
		Absorption inex, nd
		Thermal conductivity, W / m oC
		Relative complex refractive index, nd.
		Refractive index, nd
		Volumetric heat generation, 
		Radiative efficiency factor, nd
		Time, sec
 		Unit vector in the  direction, nd
		Source term
T		Temperature, oC
u		Velocity of the medium, m/sec.
		Volume occupied the nanosuspension, 
		Size parameter, nd

Greek symbols
 		Extinction or attenuation coefficient, 
 	Polar or cone angle measured from normal of surface, rad.
		Density of a fluid. 
		Scattering coefficient, 
		Scattering coefficient, 
 		Azimuthal angle, rad.
 		Scattering phase function
Ω 	Solid angle, sr

Subscripts 
 		Refers to fluid
		Refers to medium 
 		Refers to nanoparticle
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FIGURE 1.5 Hemisphere showing solid angle relations. Schematic for the definition of solid angle.
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