Modeling and Simulation EBL5{5 K, 2026, 15(11), 38-50 Hans X
Published Online November 2026 in Hans. https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mo0s.2026.1511154

Ml EKkREESTBUIENRIE
RURR

ROF, B R, RES
FHERE LA RIUE AR, i

ks HEA: 202641011 H; HHE: 20264E11H4H; KA HEA: 20264E11H 10H

R

ETREES B GREAKERRRESH KREANARENEZ ST, UERSH BK s>
A BB KA AEAOK A, BE T ARG SRR BB B B XRBAER, BRT i
KBEAEFIN REESBEE R KEBEMR I . ARG R 3K 70 T IR R FE i
EAS AR YRS TR WOKTE W R E A 8RN R KB J7 B H R K, #KEIT
REEZKELE. BKRERD, HUBEIRAEHKE DR BRokd RN R E
BRI, PERERNIAR, BERTARRERDZEGERYWN. BEHKREREATRE, UH
BRI EERET . BouFaRENFENEREERE; HKENRRIBOURENEERENR
KEEHEMN. REZBENEBCEERRNZEER, BRERKENTE, SEAGEEEM, RN
HEREERT. BKEAMRERNISAS BACERRE MR TEE. BFF%SRT EhriK &4
TREHEBRISES BIERIE A KR SIREN LR A8 KBTI RS %

X 5in
BokEBE, REESE, HHEREAE, T, BB

Numerical Study on the Reverse Osmosis
Separation Process of Cigarette Factory
Wastewater

Yanlin Cai*, Rong Chen, Juewei Zhao

Shanghai Tobacco Group Co., Ltd., Shanghai

Received: October 11, 2026; accepted: November 4, 2026; published: November 10, 2026

AR

SCEG| R0, PR, RERES. BT ROKRIBIE S B R EUE BT ST D]. @S 073K, 2026, 15(11): 38-50.
DOI: 10.12677/m0s.2026.1511154


https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2026.1511154
https://doi.org/10.12677/mos.2026.1511154
https://www.hanspub.org/

Lo %

Abstract

High-quality reclaimed water reuse based on reverse osmosis (R0O) separation is an important route
to improving water resource utilization efficiency in cigarette factories. Taking the reclaimed water
produced by the wastewater treatment of a cigarette factory as the influent water, a user-defined
function (UDF) model for RO separation was established using computational fluid dynamics (CFD)
software, and the effects of influent temperature and pressure on the water production and desali-
nation performance of the RO separation process were investigated. The simulation results show
that the influence of influent pressure on the membrane surface temperature and the pressure dis-
tribution in the flow channel is significantly weaker than that of temperature. The head loss in the
concentrate channel gradually increases along the axial direction of the membrane element. As the
influent pressure rises, the head loss gradually declines. The concentration of inorganic salts in the
boundary layer of the membrane element increases elevates along the axial direction, resulting in
concentration polarization, making the end of the membrane element susceptible to scaling. With
the increment of influent temperature or pressure, the concentration of inorganic salts in the
boundary layer rises. An obvious flux gradient in the boundary layer of the membrane element ex-
ists. As the influent pressure increases, both the flux gradient and the maximum flux in the bound-
ary layer rise. The permeate flux of the RO membrane gradually drops along the axial direction, and
with the increment of influent pressure, the permeate flux increases along with the increase of its
attenuation degree. The influence of influent pressure on concentration polarization and permeate
flux is stronger than that of temperature. The work provides a reference for the flow characteristics
and inorganic salts distribution in the flow channel as well as for operational optimization.
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Table 1. Reclaimed water quality
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Figure 1. Computational domain and meshing of a flow channel in a reverse osmosis membrane
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Table 2. Diffusion coefficient of inorganic salts [12]
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Figure 2. Mesh independence verification
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Table 3. Model validation conditions and results
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Figure 3. Reverse osmosis separation experimental setup
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Figure 4. Inlet influent velocity contour (L = 0~5 mm) and distribution of axial velocity and average inorganic salts concentration
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Figure 5. Effect of influent temperature on membrane surface temperature distribution
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Figure 6. Effect of influent temperature on axial pressure distribution and pressure drop
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Figure 7. Effect of influent temperature on solute concentration (e.g. Ca®*) in the axial cross-section of the flow channel
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Figure 8. Effect of influent temperature on the concentration field and average solute concentration (e.g. Ca%*) in the radial
cross-section of the flow channel
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Figure 9. Effect of influent temperature on permeate water flux
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Figure 10. Effect of influent pressure on membrane surface temperature distribution

& 10. Bk EDXREIRE 5 R HIFE

1200,

A m Pa
P& & '\ ©
1 MPa @'ﬁf S EE S 1000~

HEKIE) (MPa)
—1 — 15 —2

PR T U TR TR HU SO B R R
0 01 02 03 04 05 06 07 08 09 1.0

BEKPE (m)
(a) HiEHZE (> Jiefe

Figure 11. Effect of influent pressure on axial pressure distribution and pressure drop
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Figure 12. Effect of influent pressure on solute concentration (e.g. Ca2*) in the axial cross-section of the flow channel
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Figure 13. Effect of influent pressure on the concentration field and average solute concentration in the radial cross-section of
the flow channel
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Figure 14. Effect of influent pressure on permeate water flux
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