ISSN 1738-3935 (Print)

New & Renewable Energy 2025. 3 Vol. 21, No. 1 ISSN 2713-9999 (Online)
https://doi.org/10.7849/ksnre.2025.0003

[2025-3-S-WE-001]

M) Check for updates

HAURHGelE S8t AHE M= SHo
B4 HiojmiA AJAR] x=[Xe} AL

Jimin Jeon” - Junghwan Im? - Seacheon Oh3)* - Jaehyung Kim? - Wootae Kim® - Kyusung Chois)

Received 4 February 2025 Revised 24 February 2025 Accepted 27 February 2025 Published online 13 March 2025

ABSTRACT The cement industry is an energy-intensive and carbon-emitting sector, highlighting the increasing importance of
greenhouse gas reduction strategies and the development of related technologies to achieve carbon neutrality. Greenhouse gas
emissions from the cement manufacturing process can be classified into process emissions, direct emissions, and indirect emissions.
Among these, direct emissions resulting from fuel combustion can be mitigated by substituting conventional bituminous coal with
alternative fuels such as waste synthetic resin. However, waste synthetic resins contain chlorine, which can adversely affect the
manufacturing process and cement quality. To minimize these negative impacts, the chlorine bypass (CBP) system is essential. The
bypass ratio is proportional to the fuel substitution rate, and when the substitution rate exceeds 65%, a bypass ratio of 12% is required
to maintain an appropriate chlorine concentration in the kiln under the carbon neutrality roadmap. This study employed computational
fluid dynamics to determine the optimal probe design conditions for a CBP system capable of efficiently processing 12% of the
extracted gas. The proposed design is expected to facilitate the expansion of waste synthetic resin fuel utilization and contribute to the
reduction of greenhouse gas emissions.

Key words Cement manufacturing process(A|HIE A% FA), Alternative fuel(JA] &), Waste synthetic resin(F]| g4 4=4]),
Chlorine by-pass system(& 4~ H}o]ufj A A] AEl), Computational fluid dynamics(ZAH8-H] 218
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ke rs : effective conductivity, W/m-K

T : temperature, K

j; : diffusion flux of species j, mol/m*-s

S, : volumetric heat source, W/m®

u;, u;/- : fluctuating velocity components, m/s

T, : spatial coordinate, m

L : dynamic viscosity coefficient, kg/m-s

G, : turbulent kinetic energy due to the mean
velocity gradient

G, : turbulent kinetic energy due to buoyancy

Yi : contribution of the fluctuating dilatation

in compressible turbulence to the overall
dissipation rate

Cio Gy, Gy, = constants

0}, 0, : turbulent Prandtl numbers
S .8, S :user-defined source terms
RANS : raynolds-averaged navier-stokes

SIMPLEC : semi-implicit method for pressure-linked
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Table 1. Double—Tube conditions

Inner Tube Outer Tube
Double—Tube
Case Inner Outer Inner
Length
Diameter Diameter Diameter
1 |1143.33 mm | 1171.33 mm | 1420.21 mm 1910 mm
2 | 1114.86 mm | 1142.86 mm | 1396.83 mm | 2010 mm
3 |1087.65 mm | 1115.65 mm | 1374.65 mm | 2120 mm
4 |1143.33 mm | 1171,33 mm | 1397.27 mm | 1910 mm
5 | 1114.86 mm |1142.86 mm | 1373.50 mm | 2010 mm
6 |1087.65 mm | 1115.65 mm | 1350.93 mm | 2120 mm
7 11143.33 mm | 1171.33 mm | 1378.28 mm | 1280 mm
8 |1114.86 mm | 1142.86 mm | 1354.17 mm | 1340 mm
9 11087.65 mm | 1115,65 mm | 1331,28 mm 1410 mm
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Table 2. Grid information of Case 1~9

Case Cells Skewness Orthogonal
1 3,284,492 0.59
2 3,343,572 0.51
3 3,396,277 0.55
4 3,228,919 0.56
5 2,032,717 0.54 0.30
6 3,375,202 0.53
7 2,601,355 0.55
8 2,581,881 0.58
9 2,666,719 0.55
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Table 3. Boundary conditions

Zone Conditions
Velocity 27.68 m/s
Temperature 1,200°C
Rising | Inlet = 0.017
Duct Species Mass Hy0 0.065
Fractions COs 0.174
Ny 0,744
Outlet | Gauge Pressure —513.97 Pa
Velocity 18.39 m/s
Probe nlet gzgz ?\j[:: e
Fractions Alr 1
Outlet | Gauge Pressure -
Operating Pressure 98751.2 Pa
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Table 4. Probe outlet pressure conditions and rising duct
outlet flow rate

Case Probe Outlet Rising Duct Outlet Volume
Pressure Flow Rate
1 -2,699 Pa 53.5637 Nm®/s
2 ~2,854 Pa 53,5651 Nm”/s
3 -2,800 Pa 53,5651 Nm®/s
4 ~2,783 Pa 53,5646 Nm”/s
5 -2,906 Pa 53,5656 Nm”/s
6 -2,820 Pa 53,5633 Nm®/s
7 ~2,560 Pa 53,5649 Nm”/s
8 -2,844 Pa 53,5642 Nm?/s
9 —2,740 Pa 53.5651 Nm”/s
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