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Abstract: In this paper, the unsteady incompressible Navier-Stokes equation coupled with energy equation was solved in
order to investigate the thermal stimulation of continuous moxibustion using a commercial code (ANSY S-Fluent). In the
simulations, various periods were selected for the continuous moxibustion , which was done by burning multiple disks
successively. It has been found that the depth of the effective stimulation zone increases only when the replacing
temperature is equal or larger than body temperature whereas the increase rate of the effective stimulation depth
decreases as the number of disc increases. Further, it has been shown that the optimal period, for which the duration time
of the effective stimulation zone is maximum, exists.
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Table 1 Dimensions of the computational domain

L;(mm)

Lo(mm)

L3(mm)

W(mm)

H(mm)

100

100

50 6

3

Table 2 Material properties of air, skin and paper disk

Density Specific Thermal
Property 3 ] conductivity
(kg/m”) heat (J/kg-K) (W/m-K)
air 1.225 1006.43 0.0242
skin 1000 4200 0.35
paper 930 1340 0.18
Z A
r, :
Fh :
L, Air
W i
r Q o —
l T

A

L

Fig. 1 Schematic of unsteady simulation of the conjugate
heat transfer problem
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Fig. 2 Temperature histories of the paper disk of a commercial moxa
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Table 3 Relative error of maximum temperature at
(r,2)=(-9mm,-1mm) for various grid resolutions

of .

Grid 72X 132 144X 216 |216X 396 [288 X 528

Tinax (°O) 38.76 38.99 39.06 39.11
Relative
error (%) 0.89 0.31 0.13 -

Table 4 Relative error of maximum temperature at
(r,2)=(-9mm,-1mm) for various time steps

Time step 0.16 0.08 0.04
Tnax (CC) 39.059 39.063 39.067
Relative error (%) | 0.0205 0.0102 -
z

Fig. 3 A non-uniform mesh for the computational domain.
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Fig. 5 Temperature histories at (r,z)=(-9mm,-1mm) for
various time steps
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Fig. 6 Numerical results for various replacing temperatures when Tmax = 48°C
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Table 5 Heat loss to the air from the heated skin when
the disc-temperature is maximum

T max 45°C 5 1 OC

0.357334 0.395266

Table 6 Periods during which moxa/skin temperature is
over 42Cfor the three maximum temperatures

of disc
T Duration times
- Moxa Skin
45°C 6783 s 673.2 s
48°C 904.5s 9454 s
51°C 1086.4 s 11752 s
—&—— T =48°C
——&—— T, =5I°C
1200
e TN
S AN
L 4
1000 |-

time Isec

800 . . 1 .0
30 33 36
Te: [°C]

39 42

Fig. 9 Effective stimulation periods for various replacing
temperatures of the moxa
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