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% 1 # [Introduction] TlE. K[EEHEEE MR T L72DICA X RTIA4 VY 74— (DRM) %27 u¥R88{b+45 2
EOHERAEEZ R ZDOFEL U TRKISHOMEELRC~YA 70 ) 77 2 =BT 2BEEMEZ BT 5 & & b D ORER
ERAGNIL, KFEO A EBELBRITND,

% 2 % [Computational Fluid Dynamics modeling of packed bed reactor] Tid, FHEEHS# Computational Fluid
Dynamics (CFD)E7 Y & 7 FIEICIB W CREFIT L OFF AR 2SR N &l &, 2\, WEOBBICE T THELZET 4
MR IRAR TN D, BEED CFD 7 U v 7 Fik & L CHREEE & ilmdintl 42 2 & CHAEAR O Continuum CFD €7 /v
LRI 2 REICHBLT 5 2 & THREARMEIE WA TR O @&V Particle-Resolved (PR) CFD EF VAR L7259 2 T,
TRRE L % 518D 2 T2 OISR o0 B R I IR BV R T, A RVEMRE L | AR 2 25 o B L LT 5 iz, %
R34 A BE [ > & DO PEEECHEIRE 4 % Correlation-based Continuum (CC) CFD &5 /L & B4 B 28 fi| R340 2 B b33
E#H\ % Pseudo-Particle Resolved Continuum (PPRC) CFD £ 7 /L& H /- IZIRE L T\ 5,

% 3 % [Implementation of CFD approaches in tubular and shaped-channel packed bed| Ti%, 52 E TIRELZ 25D
CFD 7 V% M L ONES B O @R OGS M U, JE %, BEmic 1) 5 Nusselt 035 £ O Sherwood %4, 7
HENRES AR E2THL TS, TNOOFERE, PR CFD EFMCE 5V I 2 b—v 3 ViR, BEEOERERERL LW
FARAZC L Bl U CHGEIET 5 2 & T, 2R L7- CC CFD EF AN FRIEBR G SMNOBEIHRL 2 EMREICTFHI T 52 L 20 60
IZLCW%, F7z. PPRC CFD £ 7 /I D ARG 2S04 O FETIEN . THEIZB T D ZE M0 O L 07
FRMEXOECAENTH L Z 2R LTV D,

% 4 % [Numerical and experimental validation studies of CWPMR | T, BEMFE#FZE T DRM (2 &1 Cu % Catalytic
Wall Plate MicroReactor (CWPMR)(Z PR CFD &7 V35 L U%E 3 % C TS 2 #3E L 7= CC CFD £ 7 V% L. Kl 5
FEREEREREZHKT L ETINSDOETILO CWPMR ~O# At E M L T\ 5, £DH 2T, CWPMR OREAGHFT
I ICB T 2 MEOBE FMOAR—EEB LOEWBIIRFUIER LT, AZ UPHEEN 5 & 2 A TIIBMR AR+ T,
WHZADPHHE SN D L TATIIA Z VB ARF43 L 20 | R E LTINS OERBHIBIN TS Z 2P LRI L TN D,

% 5 % [Structurization of CWPMR| ClE, % 4 % CEG T UOWE OB ENCEI 3 2 IREN I 5 2> & 72 o - BEERR G CWPMR
RS E T 5 2 & TRB L OA Z U a REBIESICH BB S, Yotk + 52 2R A TWS, CWPMR @
WIERZEM 2 . SO 1 AT 12 33T 2 A EEAR DA et L OV HE L iitial] o Z25M 0 oA G ¥ 248 2 Tk L. PR
CFD &7 VB LU CC CFD E7 /W2 L V) DRM #ERF O BRI RIT DB, A ¥ VIR, SOSHE, IREOSA, BOSH
DIESBKGZEETRIL TR Lz, ZORER, TR E RO 2 AW A S izl BB L OA ¥ O FHEE~OBE)
DAL, TORRLELTAZ VEEEBE LA EL, 7 AbEERTEL L2 RAHL TS, 51T, FEROR
BEHFEB L OEREORE S22 TRk 217> T\ b,

% 6 & [Conclusions, outlook, and further direction of study] Tid. AKX TEONT-REEZRIET S L L bz, 5% D
BIZHOWTERLTWD,

DA BT 202, AFSCiE, FeBE OSSR 31T D 22 20040 O 58 % g R 0 ST RIS AT N2 2 & TRV EHE AR &
EEHESE 2 [AIRF ISR L. T 2RISR E Ol bICE T 2817272 CFD £ 7 VA8 E L, T ow I L 0 BEA %G
CWPMR O PNHR 22 & HEEA & 22 THEE k45 2 & © DRM O 7’ rtw AL 2R LIZb O TH Y, T, T3 EEEkY
HETANRKREN, Lo TRWmIIHEL (L) O e LTHAIClifid 2 b0 L@ b d,
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Dry reforming of methane (DRM) offers a potential to overcome climate crisis by realizing carbon capture and
storage or biomass-based greenhouse gas utilization and storage of intermittent renewable energy in the form of
hydrogen. To address the issues of high energy requirement and coking in the DRM process, this thesis investigated the
process intensification of DRM in terms of reactor structurization rather than catalyst material selection or process
design. The catalytic wall-plate microreactor (CWPMR) was chosen as a base design, which consists of a blow-through
channel and a micro catalytic packed bed on a plate to attain low pressure loss and higher catalyst loading, respectively.

To serve the process intensifcation of DRM in the CWPMR, empirical correlation-based and pseudo-particle resolved
(PPR) continuum CFD approaches were newly proposed and established for packed bed modeling. The proposed CFD
approaches were compared and validated using the detailed geometry-resolved CFD approach and experimental data in
the literature. It was shown that the given approaches attained sufficient accuracy. It was found that
directionally-averaging technique in the PPR approach can provide robust and straightforward analysis on packed bed
porosity structure.

The established CFD procedure was employed to elucidate internal transport phenomena in the original design of
CWPMR. Poor diffusivity of reactant in the porous packed bed catalytic layer, and resultant transport phenomena
imbalances in this layer were found to severely impair the reaction performance.

The inner space of CWPMR was structurized to mitigate the severe flow stratification in the catalytic layer. Further,
optimal configuration and flow structuring were achieved by the internal structure dimension parametrizations. It was
shown that the proposed new design can attain a significant improvement of conversion compared to the original design
of CWPMR, which was experimentally validated.
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