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Effects of Probe Configuration on the Measurement of Bio-tissue
Thermal Physical Parameters Using Step-temperature Technique

Yang Kun"? Liu Wei Luo Qingming
1(College of Energy and Power Engineering, Huazhong University of Scienceand Technology, Wuhan 430074, China)
2(College of Life science and Technology, Huazhong University of Science and Technolo gy, Wuhan 430074,China)

Abstract The steptemperature technique can be used to measure bio—tissue thermal physical parameters.

During the derivation of the step—temperature technique, the measuring probe was assumed to be made of single

thermistor sensing element, and the electrical power was assumed to be uniformly distributed throughout the probe

bead. However, the probe bead in reality is made of multidayer structure, and the electrical power is not

uniformly distributed throughout the probe bead. In this paper. a mathematical model is built for the step—

temperature technique for multi-layer structure probe bead, and a numerical simulation is made to analyze the

effects of probe configuration. The physical meaning of the calibrated values of the probe parameters (bead radius

and bead thermal conductivity) is also explained theoretically. The results show that the step-temperature

technique is still valid for the measurement of bio—tissue thermal physical parameters for the multi-layer structure

thermistor probe bead on condition that the bead radius and the bead thermal conductivity are obtained through

pre—calibration.
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Fig 1 The multi-layer structure of thermistor probe bead
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Fig 2 The errors of the tissue thermal conductivity, tissue thermal

diffusivity, blood perfusion at dif ferent measurement time
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Table 1 The calibrated values of the probe bead radius («) and the bead thermal conductivity (k,) obtained from numerical simulation

1 2
Ri(mm) R2(mm) k(W (m® k) T 107 (m? /) W/ (m* k) T 10 (m?/s) a(mm) fp(W l(m* k))
0. 618 1.49 0. 286 0. 929 0.2999 0. 5006
03 0. 618 1.49 0. 45 1.2 0.2999 0. 5005
0. 45 1.2 0. 286 0. 929 0.2999 0. 5006
0.2 0. 618 1.49 0. 286 0. 929 0. 3996 0. 2600
0 4 0. 618 1.49 0. 45 1.2 0.3997 0. 2598
0. 45 1.2 0. 286 0. 929 0. 3996 0. 2602
05 0. 618 1.49 0. 286 0. 929 0. 4990 0. 1760
0 4 0. 618 1.49 0. 286 0. 929 0.3997 0. 7251
0.3 05 0. 618 1.49 0. 286 0. 929 0. 4991 0. 3838
0.6 0. 618 1.49 0. 286 0. 929 0.5979 0. 2620
2 )
, k’= 0.2 W/(m* K) k'= . ,
08W/m° K) , . :
’ o
2
Table 2 The simulated measurement results of tissue thermal conductivity (k') and tissue thermal diffusivity (« !) obtained f rom numerical
simulation
Ri(mm) Ro (mm) a(mm) kpy(W/(m® K)) k(W /(m" K)) T 10 (m2/s) KW /(m® K)) TX 107(m2/s)
0. 20 0.90 0.200 0. 895
0. 40 L 15 0. 400 1. 145
03 0299 05006 0. 60 1. 40 0. 600 1. 396
0. 80 L. 65 0. 800 1. 648
0.2 0. 20 0.90 0. 200 0. 887
0. 40 L 15 0. 400 1. 144
0 4 0. 396 0. 2600
0. 60 1. 40 0. 600 1. 404
0. 80 L. 65 0. 800 1. 663
0. 20 0.90 0.200 0. 899
0. 40 L15 0. 400 L. 136
0.3 0 4 0. 397 0.7251 0. 60 1 40 0. 600 1 382
0. 80 L 65 0. 800 L. 626
4.4 ,
qve (),
s ke at,
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Table 3 The simulated measurement results of blood perfusion (#,!) obtained from numerical simulation
Ri(mm) Re(mm) a(mm) kp(W/(m® K)) KW/ (m® K)) T 10 (m?/s) Wg(kg/n13s) Wbl(kg/mzs)
10 10. 02
20 20. 04
0.2 03 0. 299 0. 5006 0. 40 L. 15 10 10. 03
’ 0. 40 115 20 30' 07
04 0. 396 0. 2600 0 10, 00
0. 60 1. 40 20 29: 97
10 10. 07
0. 40 L. 15 20 30,18
0.3 04 0. 397 0.7251 0 10,06
0. 60 1. 40 20 30: 18
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Table 4 The steady calibrated values of the probe bead radius (a)

and the bead thermal conductivity (kp)

(25)

(244

Ri(mm) R2(mm) a (mm) fps(W/(m° K))
0.3 03 0. 5000
02 0.4 04 0. 2593
0.5 0.5 0. 1750
0.4 0 4 0. 7241
03 0.5 05 0. 3818
0.6 0.6 0. 2593
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