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Fig. 1. Schematic diagram for

measuring apparatus.
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Table 1. Experimental conditions

Service Distance  Heating

Heat source voltage(V)  (mm) time(min)
Far infrared

panel heater 100 & 20
Far infrared

tubular heater 100 8 20
Infrared lamp 100 100 8
Heated air 100°C 40
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Fig. 2. Measuring methods of heat transfer dis-
tance.
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Fig. 3. Heat transfer processing between far infra-
red heater and sample.
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Fig. 4. Visibility of sample by far infrared heat-
ing. (Panel heater, Heating time 20 min.)
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Fig. 5. Visibility of sample by far infrared heat-
ing. (Tubular heater, Heating time 20

min.)
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Fig. 6. Visibility of sample by far infrared heat-
ing. (Infrared lamp, Heating time 8 min.)
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Table 2. Calculated values of heat loss and dimensionless variables for various surfaces

of far infrared heater.

Geometry or o R 7 SR <)
Lower surface (A) 6.171E +07 0.685 21.774 3.841 45.751 357
Upper surface (B) 8.107E +07 0.704 53.880 6.447 23.367 102
Vertical o 4.820E +05 0.699 14.216 10.215 14.907 130
Vertical (D) 4.403E +05 0.702 13.912 9.746 4.810 110
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Table 3. Calculated values of the latent heat of the evaporation from agar surface and
properties of boundary layer.

k) e tC) P " voSe SXGr (Do ame gt G
30 35.20 0.117 1.930E—06 1.652E—05 0.607 5.206E+06 2.720E—05 4.298E—03  0.176 3.426
40 36.20 0,116 1.935E—06 1.662E—05 0.607 5.885E+06 2.736E—05 4.503E—03  0.222 4.312
50 36.75 0.116 1.937TE—06 1.667E—05 0.607 6.250E+06 2.744E—05 4.608E—03  0.247 4.807
60 37.55 0.116 1.941E—06 1.675E—05 0.607 6.769E +06 2.757E—05 4.754E—03  0.277 5.376
70 38.10 0.116 1.944E—06 1.680E—05 0.607 7.119E+06 2.765E—05 4.850E—03  0.306 5,935
90 39.00 0.115 1.948E—06 1.688E—05 0.608 7.679E+06 2.779E—05 4.999E—03  0.368 7.119
120 40.10  0.115 1.953E—06 1.699E—05 0.608 8.343E+06 2.796E—05 5.170E—03  0.440 8.486
150 41.00  0.115 1.957E—06 1.707E—05 0.608 8.869E +06 2.810E—05 5.304E—03  0.517 9.968
180 41.80 0.114 1.961E—06 1.715E—05 0.608 9.325E+06 2.823E—05 5.417E—03  0.603 11.595
210 42.65 0.114 1.965E—06 1.723E—05 0.608 9.797E+06 2.836E—05 5.533E—03  0.655  12.588
240 43.20  0.114 1.968E—06 1.728E—05 0.608 1.010E +07 2.845E—05 5.606E—03 0.753 14.440
300 44.20  0.113 1.972E—06 1.738E—05 0.608 1.063E+07 2.861E—05 5.734E—03  0.868 16.614
340 44,70 0.113 1.975E—06 1.743E—05 0.608 1.088E +07 2.869E—05 5.796E—03  0.930 17.779
360 45.20  0.113 1.977E—06 1.748E—05 0.608 1.114E-+07 2.876E—05 5.857TE—03  0.995 19.009
400 45.70  0.113 1.979E—06 1.752E—05 0.608 1.139E +07 2.884E—05 5.917TE—03  1.065 20.320
460 46.10  0.113 1.981E—06 1.756E—05 0.608 1.159E+07 2.891E—05 5.964E—03 1.072  20.440
480 46.70  0.113 1.984E—06 1.762E—05 0.608 1.188E+07 2.900E—05 6.033E—03 1.214 23.118
600 47.25 0.112 1.987E—06 1.767E—05 0.608 1.214E+07 2.909E—05 6.096E—03 1.296 24.655
900 49.30  0.112 1.996E—06 1.787E—05 0.608 1.308E+07 2.942E—05 6.319E—03 1.666 31.554

1200 50.70 0.111 2.003E—06 1.801E—~05 0.608 1.369E+07 2.964E—05 6,464E—03  1.994  37.657

1500 51.65 0.111 2.007TE—06 1.810E—05 0.608 1.408E+07 2.979E—05 6.559E—03  2.128 - 40.109

1800 53.30  0.110 2.015E—06 1.826E—05 0.608 1.474E+07 3.006E—05 6,720E—03  2.677  50.287

Table 4. Calculated values of convection heat loss and dimensionless variables of agar
surface.

ey Gr Pr Nu W/ W)
42.00 8.570E +06 0.709 29.295 4.484 1.783
44.00 9.688E +06 0.709 30.205 4.636 2.115
45.10 1.029E +07 0.709 30.661 4.713 2.302
46.70 1.114E +07 0.709 31.277 4.819 2.579
47.80 1.172E +07 0.709 31.672 4.887 2.772
49.60 1.264E +07 0.708 32.275 4.993 3.095
51.80 1.373E +07 0.708 32.948 5.113 3.498
53.60 1.460E +07 0.708 33.453 5.204 3.835
55.20 1.535E +07 0.708 33.873 5.281 4.138
56.90 1.613E +07 0.708 34.291 5.359 4.466
58.00 1.662E +07 0.708 34.548 5.407 4.680
60.00 1.749E +07 0.707 34.990 5.491 5.074
61.00 1.791E +07 0.707 35.199 5.532 5.273
62.00 1.833E +07 0.707 35.402 5.571 5.474
63.00 1.875E +07 0.707 35.598 5.610 5.676
63.80 1.907E +07 0.707 35.751 5.640 5.838
65.00 1.955E +07 0.707 35.972 5.684 6.083
66.10 1.999E +07 0.707 36.168 5.724 6.310
70.20 2.153E +07 0.706 36.842 5.863 7.166
73.00 2.253E +07 0.706 37.258 5.952 7.762
74.90 2.318E 407 0.706 37.521 6.010 8.171
78.20 2.427E +07 0.705 37.948 6.105 8.890
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Table 5. Radient heat exchange between
far infrared heater and agar sur-

face.

Heater  Agar surface  Gross heat Net heat

temp.(K)  temp.(C)  exchange(W) exchange(W)

630.00 315.00 96.26 91.05
317.00 96.13 89.70
318.10 96.06 88.95
319.70 95.95 87.99
320.80 95.87 87.17
322.60 95.75 85.53
324.80 95.59 83.61
326.60 95.46 81.66
328.20 95.35 79.61
329.90 95.22 78.17
331.00 95.14 76.02
333.00 94.99 73.30
334.00 94.91 71.86
335.00 94.83 70.35
336.00 94.75 68.76
336.80 94.69 68.41
338.00 94.60 65.39
339.10 94.51 63.54
343.20 94.17 55.45
346.00 93.93 48.51
347.90 93.77 45.49
351.20 93.47 34.30
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Summary

This investigation was catried out to theoretically
find out heat transfer phenomena from a far infra-
red source to a heated sample.

To visualize and numerate heated depth by far
infrared radiation, iodostarch reaction was applied.
The results were as follows:

(1) It was possible to visualize and numerate
the heated depth of far infrared radiation by using
iodostarch reaction.

(2) It was required to consider both latent heat
of vaporization from sample surface and heat loss
by convection in the use of unsteady-state conduc-
tion equation (equation 43) for wet samples.

(3) We concluded that the inside of the samples

was not heated by penetrating far infrared rays but
by heat conduction from the sample surface.

(4) As the samples were heated faster by far
infrared radiation than by air heating, it was esti-
mated that far infrared rays drying was an energy
-saving method. The amount of heat transmitted
by far infrared radiation to sample surface was less
than that of infrared lamp heating, but the heat
distribution of the former was more uniform than
that of the latter. It was estimated that far infra-
red rays was more effective as a drying heat source.

(5) Infrared lamp was the largest heat source
that tranferred heat to sample surface, but it also
had the largest ununiformity of heating because it
concentrated its heat on the center of the heated
surface.

Far-infrared radiation is desirable for drying agri-
cultural products. Infrared lamp was the largest
heat source that transferred heat to sample surface,
but it also had the largest ununiformity for heating.
Air heating method needs a longer heating and
drying time because of its poor transmitting rate.



