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Fig. 1 Schematic diagram of model design and sample preparation process
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Table 1 Design model structure parameters

Sample No. Model name a/mm d/mm n/layer L;/mm W;/mm H;/mm &l%
So_aio So_do6_aios_go 10.5 0.6 2 42.0 44.6 29.7 99
So_ag So_do6_asa_gog 8.4 0.6 2.5 42.0 475 29.7 98
So_a7 So_dos_az0_&97 7.0 0.6 3 42.0 44.6 29.7 97
So_ag So_dos_aso_€97 6.0 0.6 35 42.0 46.7 29.7 97
So_as So_dos_ass_€o6 53 0.6 4 42.0 44.5 29.7 96

a is the length of the cell body. d is the diameter of the hole reinforcement. n is the number of layers in the array. L, is the length of the porous ceramic model,

W, is the width, and H, is the height. ¢ is the porosity.

R2 LHEHEREHSE
Table 2 Actual sample structural parameters

Sample No. Sample name a/mm d/mm n/layer L;/mm W;/mm H;/mm &l%
Si_ajg Si_di4_ajs_go3 10.5 1.4 2 452 46.0 32.6 93
S)_ag Si_di4_ass_g90 8.4 1.4 2.5 455 49.9 325 90
Si_as Si_di4_aro_gs7 7.0 1.4 3 449 473 33.1 87
Si_ae Si_di4_aeo_esa 6.0 1.4 3.5 449 49.0 31.9 84
S)_as Si_di4_ass e 53 1.4 4 43.8 46.7 31.6 82
S>_ajg Sy _dao_ais_ese 10.5 2.0 2 455 475 33.0 86
S,_ag Sy _dro_ags_ s 8.4 2.0 2.5 44.5 50.9 322 81
S, a; Sy dao_ar0_€76 7.0 2.0 3 45.1 47.6 32.6 76
S, ag Ss_dao_as0_g€70 6.0 2.0 35 453 49.1 31.9 70
S, as Sy dao_ass_ges 53 2.0 4 454 47.5 322 66
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Fig. 2 Schematic diagram of combustion platform experimental device
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Fig. 3 Compressive strength of porous ceramics with different porosities
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Fig. 4 Heating rate of porous ceramics with different porosities
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Fig. 5 Surface temperature distribution of porous ceramics with different porosities
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Table 3 Composition and flue gas temperature of exhaust
gas discharged from porous ceramics with different

porosity

Sample No. C(CO)/(mg'm™) C(NO,)/(mg'm™) T/ C
Si_ajo 13.75 0 548.3
Si_ag 16.24 0 511.9
Si_ay 43.68 0 519.9
Si_as 46.20 0 494.8
Si_as 64.96 0 505.5
Sy ajo 22.51 0 526.0
S, ag 27.50 0 470.7
S, a; 87.50 0.21 473.9
S, as 97.44 0.41 488.0
S, as 150.08 0 489.4

C(CO) is the concentration of CO. C(NOy) is the concentration of NOy. T, is

the temperature of the flue gas.
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Extended Abstract

Introduction To solve the problems that the porosity is difficult to accurately control and the pore structure uniformity is
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insufficient in the traditional process of replicating polyurethane foam with ceramic slurry, a biclinic body design method based on
regular hexahedron cell structure was introduced to prepare porous ceramic parts for high-performance porous media burner. The
influence of parameters (i.e., cell edge length, pore rib diameter and array layer number) on the strength and combustion
characteristics of porous ceramic materials was investigated.

Methods The model was firstly designed by a software named ANSYS Spaceclaim modeling, and then the samples were prepared
by 3D printing. The compressive strength of porous ceramic structures was tested by a model TSE104B universal material testing
machine at a loading rate of 0.5 mm/min. A circular loading plate with a diameter of 100 mm was used to apply pressure to the
samples, and the maximum compressive strength o, of each sample was calculated by recording the failure load. Combustion
performance testing was conducted in a porous media combustion platform, and the composition and temperature of the flue gas were
monitored by a model testo 350 flue gas analyzer. The temperature changes were recorded by an infrared thermal imager.

The stress distribution and internal combustion mechanism of the porous ceramic under uniaxial compression were analyzed by
numerical simulation methods. Among them, ANSYS Static Structural module was used for stress distribution analysis, and ANSYS
Fluent module was used for finite element analysis of the flow field of porous media, thus evaluating the effect of porosity on gas
disturbance, heat transfer behavior, fluid pressure drop, and heat exchange efficiency.

Results and discussion In a high porosity range (i.e., £290%), extending the residence time of premixed gas and enhancing
turbulence effects can effectively promote gas mixing and combustion, thereby improving the overall combustion performance.
Moderately reducing porosity (i.e., from 93% to 86%) improves the compressive strength of the material (approximately 100%)
although this leads to a decrease in the maximum surface temperature (about 18.4 C) and an increase in CO emissions (about
8.75mg/m’). This indicates that a moderate reduction in porosity sacrifices combustion efficiency at a high porosity can enhance the
strength. In contrast, the structure in a low porosity range (¢<90%) restricts the free flow of gas flow, resulting in uneven velocity
distribution and reduced turbulence, hindering effective gas mixing and combustion, thereby reducing combustion efficiency. This
indicates that it is difficult to simultaneously improve combustion efficiency and strength at a low porosity. It is thus possible to
balance combustion efficiency and strength via finely adjusting the porosity in the high porosity range (i.e., £290%), achieving a
synergistic effect.

Conclusions The strength of SiC porous ceramic structures could be effectively improved via reducing the cell edge length a,
increasing the number of layers n, and pore reinforcement diameter d. The pore reinforcement diameter d had a more significant
impact on the strength of SiC porous ceramic structures. There was a certain enhancement effect on the maximum surface temperature
of SiC porous ceramic structure via increasing a and decreasing n and d. At a high porosity, a and n had a more significant impact on
the maximum surface temperature of SiC porous ceramic structure. At a low porosity, d had a more significant impact on CO
emissions from SiC porous ceramic structures.

Keywords porosity; cellular structure; strength; combustion characteristics; biclinic body



