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                    Abstract
While solar energy can be utilized for passive space heating, efficient passive space cooling is achievable through lower temperature ambient thermal sources. In this study, a model was proposed for the combined solar heating and radiative cooling and a MATLAB code is developed to simulate combined space heating and cooling of a small building in Louisville, Kentucky. The combined system consists of the glazing/transparent insulation subsystem and the thermal storage subsystem. The space is passively heated and cooled by means of natural convection from the surfaces of the storage subsystem where the storage tank is heated by solar radiation and cooled by night sky radiation as a low temperature thermal source. The model for this system consists of several transient energy balance equations based on the lumped capacitance approach and it has been implemented utilizing MATLAB. Using the aforementioned system and the auxiliary heating/cooling units, the room temperature can be kept within the prescribed comfort range. The simulation is carried out to find the monthly and annual solar fraction, required heating demand, auxiliary heating demand as well as the unwanted heat gain during heating months. Also, the radiative cooling fraction, required cooling demand and auxiliary cooling demand during cooling months are obtained. The optimum value for transparent layer absorptivity was found to avoid unwanted heat gain. Parametric sensitivity was evaluated for material and design features related to the combined system. Simulation results for temperature profiles of the room and storage tank are also illustrated.
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                      A
                      a
                    :
	
                      area of aperture (m2)

                    
	
                      A
                      i
                    :
	
                      anisotropy index

                    
	
                      A
                      s
                    :
	
                      surface area (m2)

                    
	
                      C
                      b
                    :
	
                      effective thermal capacitance (J/K)

                    
	
                      C
                      cover
                    :
	
                      cloudiness factor

                    
	
                      C
                      p,n
                      
                    :
	
                      specific heat of the n-th node (J/(kg·K))

                    
	ET:
	
                      equation of time

                    
	
                      G
                      
                        n
                      
                    :
	
                      rate of heat transfer with external source at the n-th node (W)

                    
	
                      G
                      sc
                    :
	
                      solar constant (W/m2)

                    
	
                      h
                      w
                    :
	
                      wind heat transfer coefficient (W/(m2·K))

                    
	
                      I
                    :
	
                      global horizontal irradiance (W/m2)

                    
	
                      I
                      0
                    :
	
                      irradiance at surface (W/m2)

                    
	
                      I
                      b
                    :
	
                      beam horizontal irradiance (W/m2)

                    
	
                      I
                      d
                    :
	
                      diffuse horizontal irradiance (W/m2)

                    
	
                      I
                      o
                    :
	
                      horizontal irradiance in the absence of the atmosphere (W/m2)

                    
	
                      I
                      r
                    :
	
                      irradiance at distance x (W/m2)

                    
	
                      I
                      T
                    :
	
                      total irradiance on tilted surface (J/m2)

                    
	
                      I
                      Tc
                    :
	
                      critical radiation level (W/m2)

                    
	
                      k
                      
                        nm
                      
                    :
	
                      thermal conductance between the nodes m and n (W/K)

                    
	
                      k
                      r,a
                    :
	
                      radiative heat transfer coefficient for the radiation to the ambient

                    
	
                      k
                      r,s
                    :
	
                      radiative heat transfer coefficient for the radiation to the sky

                    
	
                      l
                    :
	
                      longitude

                    
	
                      l
                      st
                    :
	
                      local standard time (hr)

                    
	
                      L
                    :
	
                      characteristics length (m)

                    
	
                      L
                      h
                    :
	
                      cube root of the house volume (m3)

                    
	
                      m
                      
                        n
                      
                    :
	
                      mass of n-th node (kg)

                    
	
                      n
                    :
	
                      node number; number of day

                    
	
                      n
                      a
                    :
	
                      index of refraction for air

                    
	
                      n
                      g
                    :
	
                      index of refraction for glass

                    
	
                      N
                    :
	
                      number of covers

                    
	
                      Nu
                    :
	
                      Nusselt number

                    
	
                      P
                    :
	
                      perimeter (m)

                    
	
                      Pr
                    :
	
                      Prandtl number

                    
	
                      Q
                      abs
                    :
	
                      absorbed energy in the system (J/m2)

                    
	
                      Q̄
                      abs
                    :
	
                      monthly absorbed energy in the system (J/m2)

                    
	
                      Q
                      aux,c
                    :
	
                      auxiliary cooling energy (J/m2)

                    
	
                      Q
                      aux,h
                    :
	
                      auxiliary heating energy (J/m2)

                    
	
                      Q
                      D
                    :
	
                      dump energy (J/m2)

                    
	
                      Q
                      f
                    :
	
                      absorbed energy in transparent layer with variable filter (J/m2)

                    
	
                      Q
                      r
                    :
	
                      direct solar heating energy (J/m2)

                    
	
                      Q̄
                      rad
                    :
	
                      monthly radiation on the aperture (J/m2)

                    
	
                      Q
                      rem
                    :
	
                      storage tank removal energy (J/m2)

                    
	
                      Q
                      req,c
                    :
	
                      cooling demand (J/m2)

                    
	
                      Q
                      req,h
                    :
	
                      heating demand (J/m2)

                    
	
                      Q
                      s
                    :
	
                      direct thermal storage in the water tank (J/m2)

                    
	
                      Q
                      uwg
                    :
	
                      unwanted solar gain (J/m2)

                    
	
                      r
                      ‖
                    :
	
                      parallel component of the unpolarized radiation

                    
	
                      r
                      ⊥
                    :
	
                      perpendicular component of the unpolarized radiation

                    
	
                      R
                      B
                    :
	
                      beam radiation tilt factor

                    
	
                      Ra
                      
                        L
                      
                    :
	
                      Rayleigh number

                    
	RF:
	
                      radiative fraction

                    
	RUS:
	
                      ratio of unwanted gain to solar gain

                    
	SF:
	
                      annual solar fraction

                    
	SF0
                    :
	
                      solar fraction for zero-capacitance building

                    
	SF∞
                    :
	
                      solar fraction for infinite-capacitance building

                    
	SFj
                    :
	
                      monthly solar fraction

                    
	Δt
                    :
	
                      simulation step time (s)

                    
	
                      T
                      a
                    :
	
                      absorber temperature (K)

                    
	
                      T
                      amb
                    :
	
                      ambient temperature (K)

                    
	
                      T
                      c
                    :
	
                      transparent cover temperature (K)

                    
	
                      T
                      d
                    :
	
                      dew point temperature (K)

                    
	
                      T
                      H
                    :
	
                      upper comfort limit (K)

                    
	
                      T
                      L
                    :
	
                      lower comfort limit (K)

                    
	
                      T
                      
                        n
                      
                    :
	
                      temperature of the n-th node (K)

                    
	
                      T
                      sky
                    :
	
                      effective sky temperature (K)

                    
	ΔT
                      b
                    :
	
                      difference between upper and lower comfort temperatures (K)

                    
	UWG:
	
                      unwanted gain fraction

                    
	
                      V
                    :
	
                      wind speed (m/s)

                    
	
                      X
                    :
	
                      solar load ratio

                    
	
                      Y
                    :
	
                      storage dump ratio

                    
	
                      α
                    :
	
                      absorptivity

                    
	
                      α
                      f
                    :
	
                      absorptivity of the transparent layer with variable filter

                    
	
                      α
                      n
                    :
	
                      absorptivity at normal incidence

                    
	
                      β
                    :
	
                      collector tilt (°)

                    
	
                      δ
                    :
	
                      declination (°)

                    
	
                      ɛ
                      0
                    :
	
                      emissivity of clear sky

                    
	
                      ɛ
                      a
                    :
	
                      absorber emissivity

                    
	
                      ɛ
                      c
                    :
	
                      cover emissivity

                    
	
                      ϕ
                    :
	
                      latitude (°)

                    
	
                      γ
                    :
	
                      surface azimuth angle (°)

                    
	φ̄:
	
                      monthly average utilizability

                    
	µ:
	
                      coefficient of extinction (m−1)

                    
	
                      θ
                      b
                    :
	
                      angle of incidence (°)

                    
	
                      θ
                      d
                    :
	
                      effective incidence angle of isotropic diffuse radiation (°)

                    
	
                      θ
                      g
                    :
	
                      effective incidence angle of ground-reflected radiation (°)

                    
	
                      θ
                      r
                    :
	
                      angle of refraction (°)

                    
	
                      θ
                      z
                    :
	
                      zenith angle (°)

                    
	
                      ρ
                      g
                    :
	
                      ground reflectivity

                    
	
                      τ
                    :
	
                      transmittance

                    
	
                      τ
                      a
                    :
	
                      transmittance in regard with absorption losses only

                    
	
                      τ
                      r
                    :
	
                      transmittance based on the refraction losses only

                    
	(τα):
	
                      transmittance-absorptance product

                    
	τ̄ᾱ:
	
                      monthly average transmittance-absorptance product

                    
	
                      ω
                    :
	
                      hour angle (°)

                    
	
                      Ω
                      a
                    :
	
                      percentage of solid angle for ambient

                    
	
                      Ω
                      s
                    :
	
                      percentage of solid angle for sky

                    
	b:
	
                      beam

                    
	d:
	
                      diffuse

                    
	g:
	
                      ground-reflected

                    
	old:
	
                      value at previous iteration
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