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Image-based Finite Element Modelling & Thermo-Hydraulic Analysis in Complex Porous Media

Shunsuke KAWAI

Abstract

In this study, the pressure drop and heat transfer in a heat-transfer tube filled with a sintered porous medium com-

prising Al fibers were investigated using computational fluid dynamics (CFD) simulations. I reconstructed the sintered

fibrous porous structure and generated a computational mesh using X-ray computed tomography data. The calculated

pressure drop and heat transfer agreed well with earlier experimental study reported by Enoki et al. [2021]. I also

performed CFD simulations with porous structures that have the same porosity but completely different topologies and

found that the topological features significantly influenced the thermo-hydraulic performance.
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(a) Cross-sectional image of the sample obtained using X-ray
CT, (b) Generated CFD model of the sample
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Comparison of the pressure drops (a) and amount of heat

transferred (b), obtained numerically (present work) and

experimentally [Ref. 3]

WRWIz0, FNDEEER L TERIR D E NI DL H 5
T ER L, 22T, ENEIEEFHET S5 LT, &
R L TBIRREOE N FEGRTIZOWTHRET Lz, B
RIgIZIZ, 2RO ZEBRERO AL 59, BRI ERR %
FHRET OV S EUEFEG L, KT IEELRICE T 5
B9 7 Ergun ORIZBIT 585 A —F & KFFEOMikE
FeE 2% L C Ergun O Z @A L 720037 2 — & D%
EOENEEE L2, TIIEGEN— ZGREZET)
YT THENSIE, FEMEOZERERR EK LR EE O
BAERFGASTRE L 22 1), EBTEEETHY, kD
SEATIFZEI I Z % WIS DS S 5 o FEANEEH © ORGE D
T R BFICENTG, T2, B200) ISR T & ICESE
HWEIZDOWTIE, SIS Y T DSEIZIER L 0T
F7WAS, ¥ 32l — g VIR LSBT O B R
EC, RTERMIC T AEREIE S L,
KyIal—2aryHficih, ZROKXERZD
ZARNGAT OARE—1, ZFodEfikEEER S x0Tz
HIRE R R T2, R DR E RS E 7 ORI K
BTEEDY I 2L —Y g VEHEDTREL 7 5 720 W
T, ZOXI %y Ial—3a yEMCEs, ITEoE:



Mitsubishi Materials Innovation Center Monozukuri and R&D Review No.4 (2025)

(a) MEHFOI=vbEIL
1]

EiEE

SR AH0 Smm H|FORZD03mm

,
I%?z\ .}5@#

(b BEEFL=vrEILOEEREFN

WASFOI=vreLEWRLT. ABRIE S mmd
T4

BNT SBI-. MYSSIETEERSE EZLT. N
AAcHFoRzYEVERE.

() BE25mmDEREETIL

ARE ERE

3 RAMICT YA 2 UTBRFOOEEEIC K DS AIMMCREDIERFIR

Fabrication procedure of a porous heat transfer tube using rotational stacking of a

regularly designed mesh lattice
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Simulation results of pressure drop and heat transfer performance for porous heat

exchanger tube models with identical porosity but different topologies
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