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Simulator of Two-Dimensional Steady Heat Conduction by Programmable LSI

Shin-ichi SATAKE" | Yoshiaki HIROI" , Nobuyuki MASUDA® and Tomoyoshi ITO*

Abstract
A special purpose computer is developed for two-dimensional steady heat conduction problem by FPGA (Field
Programmable Gate Array) chip on a PCI (Peripheral Component Interconnect) board. The computer consists of four
internal memories, a calculation circuit, two adders, and one multiplier. The computational domain is divided by 64x64
meshes. The computation is adopted 32 bit fixed-point calculation to obtain stationary solution. The same calculation is
performed by a general PC with C language. FPGA results are evaluated about the performance accuracy and the
calculation time compared with C language results. Although computational time of FPGA is three times larger

than that of C language, more speed-up will be achieved if the program is directly installed in the LSI chip.
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Fig. 1 Summary of special purpose computer.
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Fig. 2 Computational domain.
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Fig. 3 Discrete variable in grid point.
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Fig. 4 HORN-5 board.
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Fig. 5 32 bit fixed-point calculation.
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Fig. 6 Block chart of calculation circuit.
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calc : thermal port map(TN,TS,TE,TW,C_START,CLK,RESET,C_END,TP);

memory N : thermem port map(ADD_N,CLK,IN,OUT,WE);
memory_S : thermem port map(ADD_S,CLK,IN,OUT,WE);
memory_W : thermem port map(ADD_W,CLK,IN,OUT,WE);
memory_E : thermem port map(ADD_E,CLK,IN,OUT,WE);

process begin

case state is

when “00”=>  --read calc data from memory
ADD_E <= CENTER_ADD + "0000000000001";
ADD_W <= CENTER_ADD - "0000000000001";
ADD N <= CENTER_ADD + "0000001000000";
ADD_S <= CENTER_ADD - "0000001000000";
state <= “01”;

when “01”=>  --calc start
C START <=‘1";
if C_END =1 then

state <="10";

end if}

when “10” =>
WE <=1";
ADD_E <= CENTER_ADD;
ADD_W <= CENTER_ADD;
ADD_N <= CENTER_ADD;
ADD_S <= CENTER_ADD;
state <= “00";

--write calc data to memory

Fig. 7 Outline program of VHDL.

| loop start |
' i
ADD_E=T,,, add I‘ cale T.. ‘l
ADD_W=T, ,; add gl
ADD_N= nﬁqadd
| loop end |

read T,
read T,q;
read T; .
read T,

Fig. 8 Flowchart of steady heat conduction problem.
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Fig. 9 Flow chart of communication between PC and
FPGA.
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Table 1 Computation time.

et FiE BEx=y=32) | F+HFR[s]
FPGA 0.071342 3.49
C 0.071342 0.941
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Fig. 11 Error margin with C language.
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