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Process optimization and analysis of a membrane concentration unit

of coal mine water based on CFD simulation
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Transformational Environmental Technologies, Yixing 214205, China)

Abstract :In order to solve the membrane scaling and fouling problem of a multi—stage reverse osmosis
(RO) system in the zero discharge process of high salinity coal mine water, the multi—stage reverse os-
mosis( RO) system was optimized based on computational fluid dynamics( CFD) simulation. An optimi-
zation scheme was proposed regarding the arrangement and combination of membrane elements in two—
stage membrane concentration unit. Technical analysis and economic analysis were carried out. The re-
sults show that, after optimization, the distribution of ion pollution in the membrane element and the
dosage of scale inhibitors remain the same. Six membrane elements are reduced in each of the primary
membrane concentration unit and secondary membrane concentration unit, which accounting for approx-
imately 5% of the whole membranes elements of the multi—stage reverse osmosis( RO) system. The total
initial investment of membrane elements is saved by 48 000 yuan. The recovery rate of coal mine water
increases from 96.5% to 97%. The power cost rises by 0.017 yuan/m’ , while the evaporation and crys-
tallization cost is reduced by 0.395 yuan/m’. Therefore, the total operation cost is saved by 0.379
yuan/m’.
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Fig.1 The process flow of purification, advanced and concentration treatment for coal mine water
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Fig.2 The single inlet model for a spiral wound
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Fig.3 Axial distribution of composite inorganic slat in

the spiral wound RO membrane element
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Fig.5 Distribution of velocity in the partial DTRO element
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Fig.6 Distribution of salinity in the partial DTRO element
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Fig.9 The arrangement of the first stage RO membrane elements
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Fig.10 The arrangement of the second stage RO membrane elements
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Table 1 Comparison of influent conditions between

the optimized scheme and original scheme

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[

K S A AR WIS RIES
K T3/ MPa 0.914 1.050
11 Z,ﬁﬁg;’zwﬁ_gg}#ﬂtﬁ HEKFR/ (m? - hh) 8.33 8.82
Fig.11 The arrangement of the third stage I T R RE BB IERG ( H—
RO membrane disc B BWRO) H Ca™ AR Z T R BLIN A 12 FiR,
BT DU BB TTAE N A Ca™ VR B Y R 1 T 4
4 AR 75, W7 5 55 7 | LRI Ca® e i
A A PRy R ey TR RIS 2D AL Ca™ iR PR S
i WA E A B TI5 440 T BT T2 LR
1501
— JRUHTT R
130 f)ﬁﬂc;%
ZL 110+
g
1&} 90+
% 70t
‘S sob CaRIEWH
300 0.§7 1.‘94 2.I91 3.I88 4.;35 5.I82

B34 11 B 85/m
Bl12 RMUFREEBRARE-RE—RERN Ca" 5%

Fig.12 The Ca® distribution in the first section membrane element of the first stage for both optimized and original schemes
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Fig.13 The CO?} distribution in the first section membrane element of the first stage for both optimized and original schemes
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Fig.14 The Mg* distribution in the first section membrane element of the first stage for both optimized and original schemes
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Fig.15 The Na® distribution in the first section membrane element of the first stage for both optimized and original schemes
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Fig.16 The SO distribution in the first section membrane element of the first stage for both optimized and original schemes
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Table 2 Comparison of the main parameters between the optimized and original schemes
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