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ABSTRACT 
 
Use of linear or concentric grooves is a well-known approach for increasing the surface emissivity to enable the 
construction of compact blackbody radiators, improve absorptance of stray radiation traps, baffles and thermal radiation 
detectors, as well as enhance thermal radiation transfer. Emitters with V-grooved surfaces are widely used as reference 
sources in radiation thermometry and radiometry. In the design phase of such devices, it is important to predict their 
performance. Most existing models are devoted to modeling isothermal linear grooves with purely diffuse or specular 
reflectance. Radiation behavior of concentric grooves differs from linear ones and becomes similar only for large values 
of the ratio of the radial coordinate to the groove period. This paper covers numerical modeling of isothermal and non-
isothermal concentric grooves with mixed specular-diffuse reflection for various viewing conditions using Monte Carlo 
specialized software. It is shown that the temperature drop towards the peak of a groove might lead to a substantial 
decrease of the grooves' effective emissivity.  
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1. INTRODUCTION 
 
Parallel rectilinear or annular concentric grooves of various profiles are widely used to enhance radiation heat transfer, 
to improve the absorptance of stray radiation traps, baffles and thermal radiation detectors, to increase the emissivity of 
blackbody radiators, especially compact spaceborne calibrators1,2. The effective (or apparent) emissivity of grooved 
structure is greater than the emissivity of flat surface due to multiple reflections among groove walls; it can approach 
unity, i.e. the emissivity of a perfect blackbody. In radiometry3-5 and radiation thermometry6, such radiators serve as 
reference sources. In their design stage, it is necessary to be able to predict their performance.  
 
There are several studies dedicated to the modeling of a rectilinear groove with purely diffuse or purely specular 
reflectance. Daws7 analyzed the angular emission properties for a rectilinear groove with an isosceles triangular profile 
and isothermal diffuse walls based on approximate expressions for directional and hemispherical effective emissivity. 
Sparrow and Lin8 considered the absorption of thermal radiation in purely specular and purely diffuse V-grooves for 
collimated and hemispherical irradiation. Their results can be applied to an emitting groove by using the reciprocity 
principle and Kirchhoff’s law. Sparrow and Gregg9 obtained numerical solutions of Fredholm’s integral equations of the 
2nd kind, which describe the radiation heat exchange in an infinite groove with a rectangular profile. Psarouthakis10 
derived a useful analytical formula for effective emissivity of an isothermal diffuse triangular groove. Perlmutter and 
Howell11 examined the directional radiation properties of diffuse grooves having triangular and trapezoidal profiles. 
O’Brien and Heckert12 obtained an exact solution for the effective emissivities of isothermal and non-isothermal 
specular grooves with a triangular shape. They also found an approximate numerical solution for both isothermal and 
non-isothermal diffuse grooves.  Isothermal specular V-grooves were also studied by Zipin13. Kelly14 derived an 
important analytical expression for the local effective emissivity at the vertex of an isothermal diffuse V-groove. 
Zhimin15 proposed an approximate solution of an integral equation describing radiative heat transfer in both isothermal 
and non-isothermal diffuse rectilinear grooves with a triangular shape and obtained the dependences of total directional, 
normal, and hemispherical emissivities on several critical parameters.  
 
The radiation properties of ringed grooves differ from those associated with rectilinear parallel grooves (e.g. when 
comparing ray trajectories at oblique viewing of rectilinear and annular grooves of triangle section with specularly 
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