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Abstract: In this study, the characteristics of the temperature generated by light irradiation, on the surface of a
biological tissue with an abnormal tissue part (paraffin) and at the surroundings of the abnormal tissue were
studied by numerical and experimental methods. The temperature in the tissue was solved using the
computational heat transfer and was compared with the temperature measured with thermocouples. The effects
of the light wavelength and the irradiation time on the temperature distribution were analyzed. As a result, the
temperature distribution from the irradiation of light in the biological tissue was different when there was an
abnormal tissue part. The temperature in the biological tissue with the abnormal tissue part was higher than in
a normal tissue.
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Fig. 1 Installation of the experimental equipments and
schematic diagram
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(a) Top view (b) Bottom view

(c) Paraffin with the diameter of 5 mm and 10 mm

Fig. 2 Preparation of the biological tissue with
abnormal tissue
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Fig. 3 Temperature measurement points of the
biological tissue
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Table 1 Propertles of the biological tissue and

paraffin®®!
Components | Epidermis | Dermis (I;Iypq Paraffin
-dermis
p (kg/m?) 1200 1200 1000 900
Cp(kl/kg'K) 3600 3300 3000 1340
k(W/m-K) 0.25 0.45 0.2 0.24
Thickness 5 35 30 5. 10
(mm)
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Fig. 4 Comparison of measured surface temperature
from the thermocouple and infrared camera
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Fig. 5 Schematic diagram of a tissue including
epidermis, dermis and hypodermis
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Table 2 Optical properties of the biological tissue'™

Components Epidermis | Dermis | Hypodermis
1y (1/m) 8,000 8,000 7,000
Lo (1/m) 355 49 50

Abnormal tissue
(Paraffin)

Epidermis £]
N

Dermis

Hypo-
dermis

Fig. 6 Mesh generation at the cross section of the
numerical model, (a) without paraffin, (b) 5
mm diameter paraffin and (c) 10 mm diameter
paraffin in the biological tissue
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Fig. 7 Comparison of the experimental and numerical
results at the surface of the tissue without
paraffin according to exposure time by blue
irradiation
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Fig. 8 Temperature distributions in the biological
tissue without paraffin according to the
variation of light wavelength
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Fig. 9 Temperature distributions from z=0mm to
z=35mm of biological tissue with 10 mm
dia-meter paraffin at 600 seconds.
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Fig. 10 Temperature distributions at the biological
tissue according to existing paraffin when
the IR wavelength was irradiated
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