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Studies on Flow Insulation System by Using Open-Cellular Porous Materials
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Flow insulation system by using open-cellular porous materials is studied numerically and
experimentally. The objective of the study is to establish a predictive model for gas
enthalpy-radiation conversion processes in open-cellular porous plates (single and multiple porous
layers) and to demonstrate that the model is appropriate for the experimental results. Especially,
the study aims to achieve the fundamental understanding of the solution methods for solving the
radiative transfer equation by employing the approximation and the exact solution method,

In order to reach this objective, the thesis is arranged into four steps. In the first step, the
numerical model for porous gas-enthalpy radiation converter is discussed to compare with the
available experimental results, It is found that an open-cellular plate acts as a gas
enthalpy-radiation converter only when the upstream radiation temperature is less or equal to the
inlet gas temperature (7,). In the case of 7, <T,, the gas temperature drop across the porous
converter (A8,) increases with the porous’ thickness {(x,) and is asymptotic to a certain limiting
value A8, and is well approximated by Af, =Ag,, [l—exp(—axg )] , where a and b are constant.
For the view point of engineering design, the Reynolds number (Rep) should be taken less than
unity. Moreover, the validity of the proposed theoretical model is confirmed by using Echigo’s
experimental results (1982).

In the second step, the experimental determination of the equivalent black body radiation
temperature coming from the upstream region or the upstream radiation temperature (7, ) by
using the two-color radiometry is presented. Under the experimental condition, it is found that the
T,, does not depend on the gas flow rate and is linearly relative to the inlet gas temperature.

In the third step, the single layer flow insulation system utilizing Ni-Cr open-cellular
porous material is examined numerically and experimentally. The numerical study, the Pi
approximation and the Barkstrom’s method are adopted to solve the radiative transfer equation. It
is found that the P1 approximation is accurate enough to estimate flow insulation system. Lowering
the surface reflectivity is quite effective to raise the radiative heat flux. However, it is not so
effective to raise the gas temperature drop across the porous converter, Moreover, the surface

reflectivity does not influence to the gas enthalpy-radiation conversion efficiency at high flow rate.
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Obviously, the single layer flow insulation system works very well at low Reynolds number and
high inlet gas temperature,

The final step of the studies, the main objective is to enhance the performance of the single
layer flow insulation system by using the multilayer porous gas enthalpy-radiation converter. Two
open-cellular porous plates with difference porosity (¢), pore per inch (PPI), and surface
reflectivity are built as a multilayer porous gas enthalpy-radiation converter, which is divided by
free space. In order to compare the performance with the single layer porous converter, each porous
plate has a half thickness of the single layer plate. To investigate the maximum temperature drop
across the converter, a pure scattering porous and a pure absorbing porous are also considered. It
is found that the multilayer porous converter is effective in obtaining larger gas temperature drop.
The gas temperature drop depends on the value of surface reflectivity, porosity, PPI, the inlet gas
temperature, and the upstream radiation temperature, In the case of 7,, <7;, the multilayer
porous gas enthalpy-radiation converter should consist of the lower porosity porous plate as the
upstream porous layer and the higher porosity porous plate as the downstream porous layer. For
maximizing the value of gas temperaturpe drop across the multilayer porous converter, both of the
upstream and downstream porous layers should be made of the pure absorbing porous materials.
In the case of T, >T,, however, the multilayer porous converter should consist of the pure
scattering porous material as the upstream porous layer and the pure absorbing porous material
as the downstream porous layer in order to obtain maximum temperature drop across the
converter.

Obviously, the flow insulation system has high performance at low gas flow rate, high
inlet gas temperature and low upstream radiation temperature. Although the radiative heat fluxes
obtained by the P; approximation rather differ from the exact solution at high inlet gas
temperature, the gas temperature drop obtained by both methods is not so different. For the flow
insulation system, therefore, the results obtained by the P: approximation can be reliably used
because this system does not only include the radiative but also consist of the conductive and

convective heat transfers.
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