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Abstract

Recently, computational simulation of thermal transport phenomena in human body is of
great interest to researchers, because it can be applied in different areas, such as medicine,
rehabilitation, space suit, and others. In this study, as the first part of computational
simulation of thermal diffusion phenomena in man, we developed a one-dimensional
thermo-fluid model for the circulation system of upper limb involving arteries, capillaries,
and veins. The blood flow rate, cross-sectional area, pressure and temperature of each single
vessel are computed by using this model. Secondly, this blood circulation model was coupled
with the two-dimensional thermal of the finger [2] to compute the temperature distribution of
the solid tissues. Meanwhile, the observation of the blood circulation variation was conducted
through thermal images. The experimental results provide a favorable approval for the
modeling work. Despite of the simplicity of the model, extensive considerations in
hemodynamics as well as in thermal diffusion are included compared to the other models. It is
expected this model can have more applications in hyperthermia, drug delivery, and other
areas.
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Nomenclature

A cross-sectional area of blood vessel, m
A surface area of blood vessel per unit, m
c specific heat, J/kgK

E Young’s modulus, kg/s’m

h wall thickness of blood vessel, m

Nves heat transfer coefficient, W/m’K

ky, proportional factor in Equation 5

ki, ks, ks proportional parameters in Equation 6



length of blood vessel, m

total number included in the equivalent blood vessel
pressure, Pa

flow rate, m’/s

radius of blood vessel, m

radial coordinate, m

total cross-sectional area of the equivalent blood vessel, m*
temperature, K

time, s

velocity in x-direction, m/s

axial length coordinate, m

thickness of the boundary layer, m

kinematic viscosity, m*/s

angular coordinate, rad

density, kg/m’

blood perfusion rate,

m’blood/s/m’ tissue

7% radial frequency, rad/s

At time increment, s

Ax spatial increment, m

IR T =~

AV T R T NO

Subscript

0 initial state

b blood

bot bottom

dl, d2 daughter vessels

e west

in parameter at inlet

i spatial indice

p parent vessel

t top

tm mean tissue temperature at position x
w west

Superscript

n, n+1 time step
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Fig. 7 (a)Blood Temperatures in Artery, Vein, Capillary
(b) Blood Temperature in Solid Tissues of Modeled Finger
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Fig. 8 (a) Thermal Images of the Dorsum (b) Spectrum Analysis
of the Temperature in the Dorsum before and after Exercising
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Fig. 9 (a)Thermal Images of the Palm (b) Spectrum Analyses of the
Temperature in the Palm before and after Exercising



Tablel. Physiological data for the thermo-fluid model

Segment Vessels Length Proximal radius Distal radius Number of
number (m) (m) (m) vessels
1 ascending aorta 0.07 1.25¢-2 1.14e-2 1
2 anonyma artery 0.035 0.7e-2 0.7e-2 1
3 subcalvian artery 0.43 0.44¢-2 0.28e-2 1
4 ulnar artery 0.067 0.215e-2 0.215e-2 1
5 ulnar artery 0.171 0.203e-2 0.184e-2 1
6 Proper palmar digital artery 0.14 0.055e-2 0.045e-2 1
7 Superficial palmar arch 0.01 0.18e-2 0.18e-2 1
8 Common palmar digital artery 0.08 0.68e-2 0.68e-2 1
9 Proper palmar digital artery 0.08 0.05¢-2 0.05e-2 1
10 Proper palmar digital artery 0.08 0.05¢-2 0.05e-2 1
11 Superficial palmar arch 0.006 0.16e-2 0.16e-2 1
12 Common palmar digital artery 0.08 0.068e-2 0.068e-2
13 Proper palmar digital artery 0.08 0.05¢-2 0.05e-2 1
14 Proper palmar digital artery 0.08 0.05e-2 0.05e-2 1
15 Superficial palmar arch 0.006 0.144e-2 0.144e-2 1
16 Common palmar digital artery 0.08 0.068e-2 0.068e-2
17 Proper palmar digital artery 0.08 0.05¢-2 0.05e-2 1
18 Proper palmar digital artery 0.08 0.05e-2 0.05e-2 1
19 Common palmar digital artery 0.006 0.13e-2 0.13e-2 1
20 Proper palmar digital artery 0.15 0.06e-2 0.05e-2 1
21 Principal artery of thumb 0.02 0.1e-2 0.1e-2 1
22 Proper palmar digital artery 0.06 0.066e-2 0.066¢-2 1
23 Proper palmar digital artery 0.06 0.066e-2 0.066¢-2 1
Segment Vessels Length Area Number of
number (m) (m?) vessels
24 Terminal arteries 0.08 0.063e-4 32
25 Aterioles 0.018 0.75¢e-4 2.4e+5
26 Capillaries 0.002 7.5¢e-4 1.0e+6
27 venules 0.02 2.55e-4 0.36e+6
28 terminal veins 0.08 0.42¢-4 36
29 dorsal venous network of 0.08 0.43¢-4 2
hand
30 ulnar veins 0.3 le-4 2
31 brachial veins 0.15 0.85¢e-4 1
32 subclavian vein 0.2 0.9¢e-4 1
33 Anonyma vein 0.065 2.5¢-4 1
34 Superior vena cava 0.045 4.5¢e-4 1
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