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Optimization of steam—to—water ratio in sodium aluminate solution evaporation
process based on dynamic evolution analysis of operation boundaries

REN Chao, HAN Jie, LIU Yishun', YANG Chunhua'
(* School of Automation, Central South University, Changsha 410083, Hunan, China)

Abstract: Evaporation is a core energy—intensive operation in the alumina production process, and reducing fresh
steam consumption is essential for energy conservation. This paper proposes a steam—to—water ratio optimization
method that integrates trend—consistency ConvNeXt—based system modeling with a priori dynamic boundary
constraints. In the modeling stage, trend consistency constraints are imposed on manipulated variables such as fresh
steam flow and feed rate, thereby constructing a data—driven model that conforms to physical evolution dynamics. In
the optimization stage, the influence of heat transfer efficiency degradation on the operational characteristics of the
evaporation system is analyzed based on the developed model, revealing the dynamic evolution of manipulated
variable boundaries; an adaptive boundary adjustment strategy is then proposed to optimize the steam—to—water
ratio while satisfying outlet concentration constraints. Validation based on real production data from an alumina
plant in Southwest China demonstrates that the proposed modeling method ensures prediction accuracy while
maintaining trend consistency with physical evolution; the proposed optimization method reduces average steam

consumption by 8.17% and the steam—to—water ratio by 5.04%, providing a new solution for intelligent energy—
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efficient operation of the alumina evaporation process.

Keywords: Process systems engineering; trend—consistent ConvNeXt; prior dynamic boundary; alumina

evaporation; steam—to—water ratio optimization
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Fig.1 Schematic diagram of sodium aluminate solution evaporation process.
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Fig.2 Schematic diagram of the effect of heat transfer
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Table 2 Performance comparison of different models

FEEAY MAE RMSE R TCR/%
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Table 3 Sensitivity Analysis of Key Hyperparameters

28 HE MAE RMSE R TCR
0.1 3.64 5.39 0.7631 100

0.3 3.62 5.34 0.7637 100

# 0.5 3.59 5.38 0.7641 100
0.7 3.50 5.44 0.7573 100

0.01 3.74 5.49 0.7528 100

0.05 3.65 5.45 0.7606 100

“ 0.10 3.59 5.38 0.7641 100
0.15 3.63 5.42 0.7608 100
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Table 4 Overall performance comparison summary

T H S G RTO  4RIBKTT .
SEFET IR /R 56.93 54.02 52.28
S A} /! 397.14 404.08 396.40

SR S oL 270.27 263.22 263.68
SEERK 0.3473 0.3367 0.3298
RS AT — 92.12 251.62
AL %1% — 67.5 100.0
HRIRTBRI% — 5.11 8.17
HIK L BEAR /% — 3.05 5.04

FI 38 N Bl AR A 3 0 - B R Bk 5] 251,62,
8 2R T BURAE T AL R A 1 Jm) 36 P 3R 45 1Rl K/ o
5 RTO R FH B Bl A YA IR B R R R 3 T
904l 225 P AT 3T A P A 4 2R T R PN S A A G A R
JE LR AT A A B AR 67.5% 5 A SCTT I
i 1 7R LR A TR 0 sh A U B i B AT
T A T AT S A R T AR DL 5 R e 1Y
LTI, IR T 00T 4R Bl LA IR 2 55 1,
T A AR IE 28 5 M 0 [ ) S 3 2 T T A AR B R .
FEZEIRG VR , AR S 1 V- 2 28 VR 0 o e i e
(B 8.17% , -2 950K H A B v A PR AR 5.04% , 5
REFR PRI TR 5 RTO

Pl 7~10 533k DU AL IR BOUK TR 1 i A A
RALEE SR . i B WL AR AL UK AR SO
(1) HH e 1 A Ui S TR 29 o [l A5 58 RTO
[ 7 B AP BOR AR A A I, T AR S %
I 3 R A S R B AT R A A IR TR
Fb RS R 45 il 76 B AR B0 0F T e B nT AT ik 2 R
35 N B A FAL A bk

5 %

XA LR ZE Bl B e REiZ 1T S A AR B
PR TR S 2O 1T sh AT R Y [l A, A S SE T
FF TC-ConvNeXt HYZE K RGuEAL R4 T 206
AT IR 2 SR [ 3 I s A FHROK B S AR R
W, EELEISAT

(1) FT 4R 49 TC—ConvNeXt HEAS 5 I 1 2 45 i 34
— BT A S R ER I A T 45 0 R R, TE AR
B B S AR T AL ARG B 1 IR B,  SE R TE TR Y
YIEE ] fE R . SCEREE KB, TC—ConvNeXt 1978
JK BTN R 1551 0.7641, [R] His AL a3 —BhE 4
LN gL



10 - T i HXXE
=430 T T e _"—‘%0 . o
9 —o— M = —O— MfEAs w405 l—o—semn ] =3 i
i Tl TERAT) L AEEE

= ¥ 3 . Il o —o— Yk g —o— i

1 39 4 v
e VORI | Eoeonqwnus IS (0 g
%%gg Jt%é I.ﬁm’ﬂ %} Z}E i N
= 0123456780101 ¥¥i335567801001 X 0123456789101 #!’églolis'atéé?éélbn
1% FEAR 5 ES BEA (i FEAT = BEA

(a) IR RHE YA 1L (b) B AR A2 AL

T'_l So— MLl 0.36 —O— M4

& ol o3| el o
= —— e S ' o
% % %034 S Y i
2 g [Rgprerotaasy 433 :

igs TSR 032 ™o |
_.H

0123456789101 0123456780101
FEA L LN

(o) HRRA R 122 4E (d) UK HEr A1
7 AEIERECH 1800 VK HE AR A2 SR

Fig.7 Optimization results of steam—to—water ratio at the heat

transfer coefficient of 1800
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