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on the green energy
Overview of the Results of the Collaborative Research:

Development of athermal Lattice Boltzmann method for two-phase flow with large
density difference in complex boundary structure

The heat pipe is one of the interesting thermal devices nowadays. If we want to improve
the performance of the heat pipe, the wick structure and knowledge of vapour-liquid
two-phase flow in the wick are important, because these significantly affect the
performance of the heat pipe. Since the wick structure and the two-phase flow in the wick

are very complex, we want to simulate two-phase flow in the wick numerically.



In order to simulate two-phase flow in the sintered wick of heat pipes, we compute the
mass transfer of two-phase flow having large density difference in the complex boundary
by a lattice Boltzmann method (LBM) proposed by Inamuro et al in 2004 and Yan et al in
2010. We introduced following two points to this simulation method. One of our aims is to
simulate the two-phase flow in a sintered wick. So we want to adapt the numerical method
to the complex boundary. We added an extra layer to the boundary and calculated the
values on these lattices by extrapolation method. Moreover, the interpolation function of
the viscosity coefficient was modified to satisfy the continuity of the viscosity flux across
the phase interface. Since the values of viscosity are quite different between the liquid and
the gas phase, the viscosity in the transition region affects the results. Figures 1 and 2 show
the aggregation behaviour of large density phase from random density distribution, and the
behaviour of bubbles between spheres arranged in a face centred cubic lattice, respectively.
We have succeeded in simulating two-phase flow having large density difference by LBM.
We are going to implement a thermal model and control of the wettability as our future

work.

: LI ] — L] . »

i L] - PRI ® q

w ° . L J ]
- . - . .| : -O .0. " "-.-'4 .u..v‘ & e ¥

. P

Fig. 1 Result of simulation: aggregation behaviour of Fig. 2 Result of simulation: behaviour of
large density phase from random density bubbles between spheres arranged
distribution in face centred cubic lattice

MRI measurement of water transport in plant stem

Prof Yan’s group and | are trying to measure the water transport in the plant stem by
means of MRI in order to improve the water transport and structure of the wick in the heat
pipe. The tall trees can deliver the water up to more than tens of metre height. We intend to
get the hints to improve the performance of thermal devices from nature. Figure 3 shows a
sample small plant, named ‘Salix Flamingo’, in which we had measured water distribution
as a pilot study. Figure 4 shows a result of measurement visualised by MATLAB. We can

see that the water is circumferentially deflected in the stem.
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Fig. 3 Picture of the 3-tesla MRI and a plant ~ Fig.4 Water concentration profile in a plant
stem

Deployment Plans for Future Collaborative Research:

Prof Yan and | have an agreement to continue our collaboration on the research of the
lattice Boltzmann method for two-phase flow with the large density difference. We intend
to extend our simulation program of LBM to the thermal model.

Since we want to continue the MRI measurement of the water delivery in plant’s stem
in order to improve the performance of heat pipe, we are going to advance our research at
each institute. Prof Yan can use MRI facilities at MR center in the University of
Nottingham and | will be able to use MRI facilities at Nagasaki University Hospital.

Moreover, we are applying for some research funds.
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