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Hemi-Cube Algorithm and Its Application to Thermal Analysis of Crystal
Growth Furnace

Seungbok Lee, Jinsoo Jung and S. Ken Kauh

Key Words: View Factor (34 Al<), Hemi-Cube Algorithm(u}A &wla] olug]&), Crystal
Growth Furnace (b2 A A =a=2) Surface Radiation (3.9 -‘5}—4)

Abstract

View factor determination is very important in thermal analysis problems with surface radia-
tion but it is very difficult to determine view factors for complex geometries. Exact calculation
of view factors for crystal growth furnace is essential due to not only its high surface temperature
but the radiation shield, complicated heating system. In this study, view factor calculation
algorithm is introduced and applied to cylindrical crystal growth furnace. This algorithm is based
on the Hemi-Cube Algorithm and the results obtained with this algorithm show good agreements
with those of analytical solution. As an application of this algorithm, temperature profiles and
heating value distributions for various furnaces are calculated and the shape criteria for better
furnace are suggested.
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Table 1 Pseudo code for Hemi-Cube algorithm.

Read geometry data;
Calculate properties of each surface;

Tag visibility of each surface to other surfaces;

IF visible,

Calculate the shortest distance of each node of each surface to other surfaces;

Make subdivision with criterion of five_times rule;

Receive an input of resolution{window size);

FOR each hemi-cube pixel p, Calculate delta_form_factor (p);

FOR each surface /

FOR each mesh im of surface ;

FOR each region ;», FormFactor (i») =0;/*initialization*/
FOR each surface of hemi-cube C(C=TOP, SIDE1, SIDE2, SIDE3, SIDE4)
Determine viewing volume through C of hemi-cube from origin;

Transform coordinates to change the normal of surface 7 to the normal of C;

Translate coordinates to change the center of mesh /m to origin;

Draw surfaces only visible from surface ; using region no. as color map no;

Read Window pixel data into array(p);

FOR each pixel p, summation of delta-form-factor of projected pixels;
FOR each region i», summation of FormFactor (;»)* (area of mesh im);

total_area+ =area of mesh /m;

IF surface 7 is last of same region surfaces,

divide the above summation by total area of the region

n
i
1
1.9, b, u
L
a4, A =
Z, dEl T v
1

Fig. 3 Delta Form Factor for Hemi-Cube.
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Fig. 4 Geometry of a cylindrical furnace.
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