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Abstract

The Trickle Bed Reactor (TBR) is the indispensable workhorse for deep
hydroprocessing, yet its efficiency is severely undermined by persistent hydrodynamic failures
that prevent the required near-100% catalyst utilization demanded by modern ultra-low sulfur
fuel standards. The fundamental challenge lies in the industrial reality that TBRs must use
complex non-spherical catalysts (trilobes) and imperfect mechanical loading techniques, while
existing design models remain reliant on outdated assumptions of homogeneous beds and
idealized spherical particles. This research attempts to resolves this critical industrial
bottleneck by establishing the first definitive, multi-scale relationship between the catalyst's

geometric properties and the resulting fluid flow dynamics.

Catalyst particles in packed beds exhibit a variety of shapes yet are often assumed to
be uniformly and homogeneously distributed. However, in practice, the packing arrangement
is far from ideal and strongly influenced by particle, shape, orientation and the method of
loading. The shape of catalyst particles plays a pivotal role in determining local voidage, flow
distribution, and mass transfer characteristics in trickle bed reactors. Non-spherical
geometries—such as trilobes or cylinders—introduce anisotropy and structural heterogeneities
that significantly affect hydrodynamics, wetting efficiency, and catalyst utilization. These
deviations from idealized assumptions challenge conventional reactor models and necessitate
detailed investigation into how particle shape and packing influence the overall reactor

performance.

This study investigates the influence of particle shape on packed bed structure and
hydrodynamics, focusing specifically on trilobe catalyst particles. Bed configurations were
characterized experimentally using high-resolution Micro-Computed Tomography (Micro-

CT), while a simulation framework - Collision Guided Packing (CGP), was developed to model



the packing processes under several loading techniques. Structural metrics derived from both
experimental and computational approaches enabled comparative analysis for trilobe and

spherical particles.

Further, to evaluate the impact of bed structure on liquid distribution, flow behaviour
was studied in randomly packed trilobe particles in a cylindrical bed under known feeding rates
of air and water. The effects of multiple loading methods (central single-point, solid cone,
hollow cone), superficial velocities, and axial bed positions were systematically examined.
Fluid maldistribution was quantified using pressure drop measurements and the
Maldistribution Index (My), based on spatial variations in outlet flow. To further elucidate the
role of packing defects, a quasi-two-dimensional column was employed to enable direct
visualization of flow paths. Controlled structural irregularities were introduced, characterized

through mean dispersion metrics, and correlated with deviations in liquid spreading behaviour.
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ARI2A

fedet 95 Ruaex (TBR) & BIESIMRINT & faT U 31:id He@yu! 3uavT €, aifdet
Y R SUF HHP! b folT 3TTB AT 100% ISR (Befaie) IUANT U 8] &l uTdT| 39
HHEIT BT {3 BRUTIE & fob 371EfTich TR W TBR H STfect IR-MCTPR (ZTgeild) doefeiee 3R
3quf AT deb-lepl &b 3UANT febaT STraT 2, Sdfs adn fesigT Aisd 3nit Wi g#sy
@ISR 9 31R 317l MATBR Bl & 7= IR 3maTRd €1 I8 o BRf 39 Agayef
eNfiies AT BT Ffad B gQ BefoiRe BT SATfAdr fadrarsit 3R ga warg wfdd! & e
IE-ERIT HeH TATUA B BT FITH B B

U 98 H drefeiee woT fahi= 3epiadl ® UTg SITd &, oifds UTd: 37 AT 3R IH6Y B4
3 faafka 7T ST @1 STafes arafdeedr ¥, b TaqT smeef 781 2t 31k I8 Hull & 376R,
3Tpfa, I~ (3NRT2M) dor AfeT fafd w i wxedt 81 Bfoie HoT &1 3ThR AT
Re=dT (voidage), TaTg TddvoT qoiT GeaAT ATIAROT faISar3i &l TMTfdd &idl &1 Isald aT
JEATBR S TR-MATBR BUT IRAATHS IRTHAAT (heterogeneity) 3R AT 3cT~T B &,
S gregleTaATHa, afdm ggar 3R BefeiRe 3T W Agcyul gvTa JgdT 21 3 YqTg
YRUNe Ry Aigal cl HAT3TT bl ISR Bd & 3R dgd 376 b 31aegehdl Bl a2ifd &

S 30 | ¢Igcllg defeiRe BUl W G B <d §Y BUT 3MThR & Ude o8 FTAT 3R
TIEGISITANHA R UG BT fdeivor fBar 1T §1 §¢ HREAT BT Yrilfiies faemsor 3=I-
RSTTegQM HISShI-BFYLS SHIUTHT (Micro-CT) P HIEH  fobam 7T, Sidfds Ul ufehar ol
HIgeT B b feiT Collision Guided Packing (CGP) e fdepfad fosar mam| graifics 3R
HUTHIY HI el & UTed FREATHS HIUCS] &b 3R R Z8elld 3R AR Bl 6
JeATcHD faeetsoT fosar |



ST fARRT, I8 T DI 2d fIaRvT IR JHTd GHSH P [T SaThR 98 H ATgfcsd BU J b
fe5q 1T TSl U & HIEdH F d1g AR STel YaTg T 37ezad fbar man fafi=r «iifS faferai
(el g, 3T 20, WA 2idp), Fag! A qaT ey fRfaal & wiTa &1 eafeed fdemyor
a1 TAIT| G & 3RIHT fIdROT (maldistribution) BT &4 §RT AT 31K 313¢eic YdTg & TATHD
gRadd IR TR ATAfSREeg2A S8 (M) gIRT ATAT 7| Uit QIS T yfHepT Pl 3R Tee
B P AT U 331 SBied &1 U= fdsar T, fSa yarg yelf o1 ucgef 37delie
Ha 3T AR TReFTcHSD SHATHAAT3N DY 3~ & 3% 3 YIFRUT HIUCs] b ATEgH
faefod feba T e g YHR SdgR H 811 Tl GRAdAT I Fefeid b |
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