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Abstract

Based on the RNG k-£ turbulence model, the deposition characteristics of particles in the gas-solid
two-phase flow were systematically investigated by means of numerical simulation from the per-
spectives of particle size, simulation time, flow velocity and particle concentration in the channel of
H-type finned-tube economizer, and the key factors affecting the deposition of particles and their
action mechanisms were revealed. The results show that the deposition rate increases significantly
with the simulation time, and the deposition rate increases 1.94 times and 3.43 times in 20 s com-
pared with 10 s and 5 s, respectively. The particle size is positively correlated with the deposition
rate, especially when the particle size is larger than 5 um, the deposition rate increases rapidly,
showing a strong inertia dominant effect. The particle size also affects the distribution of particles
in the flow field: small particles tend to be uniformly distributed, while large particles tend to be
aggregated and deposited in the low-velocity region and the tail vortex region. The deposition rate
decreased significantly with increasing flow velocity, with a decrease of 46%~82% from 5 m/s to
10 m/s.
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Figure 1. Schematic structure of H-type finned tube: (a) Top view, (b) Side view
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Table 1. Geometrical parameters of H-finned tubes

FLHEBRELMSH

JUT 5 H R0 &
& 4M&E D (mm) 38.0
WH B Fi (mm) 2.0
WH K E H (mm) 70.0
W5 55 W (mm) 76.0
We8%E TR m (mm) 10.0
W [E]EE Fp (mm) 18.0
YA F5EE S (mm) 80.0
BEFHTFE S2 (mm) 80.0
EREEE Twan (K) 360.0
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Figure 2. Schematic diagram of grid division

2. Mg REE

3.2. MR MEZ

NIGUE PRSI, Ao IS T AR RN 11 J3. 37 J3. 76 Ji+ 132 Ji. 188 JiAl 245 JI A&
ARG, SRWE 3 R, LREEGED 132 Jil, SERBN) MR B EL OREE . 55
FeTHEAE E AT IR, ek E 132 )7 MRS AE AR & M EL.

33. BERFZE

AR ANSYS FLUENT 22 R1 AT BUE ARSI, SRR FE %8 H SIMPLE $3% PASEEL R &
S5EDME. Beok0m, EAOTRA =0 T BB shE SRR R TR R
TR i )=, DR S BUE AR R e MERRS B s B0 SR A0 22 e i Qb AT AR BE . RN SIHE
BB 7 TH, BB T R AR ZE ISR UE N 1070, Hopth il FECnsh & . L TEAm IR 7 R A% Z U8

DOI: 10.12677/mo0s.2025.146508 424 5 1 A


https://doi.org/10.12677/mos.2025.146508

EBiZE, Xkr

PRUESBEE N 107, DA OREAEL AR 1 HERf P AT R] S

&

82 F

(a)

81
0

500000 1000000 1500000 2000000 2500000

P 4% £k

0.275

0.250

i 0.225

0.200

0.175

(b)

0 500000 1000000 1500000 2000000 2500000

A% 5

Figure 3. Variation of Nusselt number, E number with the number of grids
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Figure 4. Numerical validation of the turbulence model
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Figure 6. Relationship between particle size and deposition rate at different time nodes
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Figure 7. Particle distribution around the fins for different particle diameters
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Figure 8. Variation of particle deposition rate with flue gas flow rate

& 8. %*.LJL*D REREA SRR L

DOI: 10.12677/mo0s.2025.146508 429 5 1 A


https://doi.org/10.12677/mos.2025.146508

FHAR, A

RN, AR, FERRFEFAE T, DIBE R A& B B AR TR fE g &, S IR R )
SO R IARSANER AL . BEAh, EAR IR (R Py, UKL ORI AR B T RS N T 45 B/ o X — 3L
ZAT VAP A L T UL 5 AL (KA S 0 K, AT S ORI 52 (16 .77 P L ) BE T AR )
. [RIN, St 7L i DR FERGE, BET R 4R Tt Saffman TR RN, i fEA0R
ZWERITIRIEE, b H AR E TR

FAORYL, U H 5 m/s G020 10 m/s IF,  ASFEREUT 8] B R0RE FRTTRRIE 2 7351 T FEZ) 82%.
52%H01 46%. XA S T T UL ITUARHE R AR B RO, E TR AR L RN, UKL O AT
B H AR TR A SRR L B IS 3, SRS K AEAS Saffman THRIME @ IMEZ, =Tk
P2 B oA (R BB BE SRS, JU AR AR SR BRI N DX 8k, FLsm O SR i, DR R OHE S 46T 17 - i 2 it
PR T s s AR

42.2. FEEENBREAR AENSHER

K9 JEoR THASREE DB 54 7« 9 m/s N, JADUHE H 7Y F (5 S R (A 0k 0 A 1 00 o i W
ST LB AR, BRSSP AR IR FAAE R % 2R, ARERENAEL, BRI TR
AR IR A AR . IR S m/s B, BOREZE HEN 55— HER AT A X L X, A2 R
Wi, PEAETSRRILG, BT LR, BRI AR R R YR 7y, IS Eh U R R R Y
E) o A e . Bl BRI Gk SR B . =HEE S, BUREE R LA A, HEEEIHE
HEA ARSI, WIHERRAE T, PR R AR Rt R g, iR A m ke m
A 7 m/s B, BRI SRR R SN R, BEE ISR, BORLE T B RS, BRSNS —
HARRAE TS8R, (HEEREHA, HkE THEZah6E, TFHAmMEBERIMIREE, 258 UHEE I 5w
ERE R AR . UK  BE TH] 1RGSR ER TR R JORE 1) 2 B U A 2 S TS LA, Al S SR
MERAET I, RALEEIHAE GRR T RN ARGH, X— AR ER Y, SRR ERR, FAR
B FE RO 0 PR A EL A PR A5 R A B2 R A R, R IB R T B M I TR sh A

Dp=10pm
v=5m/s

Dp=10pm
v=Tm/s

Dp=10pm
v=9m/s
Y

S

Figure 9. Particle distribution around fins at different flue gas flow rates
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Figure 10. Variation of deposition rate with particle concentration
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Figure 11. Distribution of particles with different concentrations around the fins
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