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Abstract: [Objective] Indirect cooling towers in coal-fired power plants are characterized by strong thermal
inertia and stochastic environmental disturbances. These features make it difficult for conventional numerical
simulation and physics-based modeling approaches to accurately predict future operating states. As a result, winter
anti-freezing operation often relies on conservative control strategies, making it difficult to simultaneously ensure
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system safety and operating economy. To address this problem, this study proposes a modular machine-learning
model selection strategy for future-state prediction of indirect cooling towers. [Methods] Considering the
differentiated characteristics of the sector, total return-water temperature, and condenser modules, four
machine-learning algorithms were comparatively evaluated for the corresponding prediction tasks. According to
the prediction performance of different modules, long short-term memory (LSTM), artificial neural network
(ANN), and random forest (RF) were selected as the optimal prediction algorithms for the respective modules.
This modular configuration avoids the limitation of using a single model to represent the nonlinear and
time-dependent characteristics of the entire indirect cooling system. On this basis, a machine-learning-based
self-evolution prediction framework with closed-loop iteration of circulating-water temperature was developed.
Different from the conventional static-input prediction mode, the proposed framework follows the actual
circulating-water flow path and establishes a dynamic recursive closed loop among key water-temperature nodes.
The predicted water temperature at the current step is used in the subsequent prediction step, allowing the future
operating state of the system to evolve continuously along the prediction horizon. In this way, the proposed
framework can continuously propagate the predicted operating state through the sector, total return-water, and
condenser modules and thereby realize recursive future-state prediction. [Results] The proposed framework was
validated using actual winter operating data from an indirect cooling tower of a 2x1 000 MW coal-fired power
unit. The results demonstrate that the framework can recursively predict the operating state of the system for the
following 1 h. During 95% of the prediction period, the prediction errors of the key operating parameters,
including sector return-water temperature, total return-water temperature, unit back pressure, and total inlet-water
temperature, were maintained within #0.65 T, #0.60 <C, #0.57 kPa, and #0.30 T, respectively. Based on the
developed self-evolution prediction framework, virtual regulation and scenario-based prediction can also be
performed for key operating conditions. By changing candidate operating strategies or external operating
conditions within the prediction framework, the future response of the indirect cooling system can be
quantitatively evaluated before actual regulation is implemented. Therefore, the framework is not limited to
reproducing the future trajectory under the current operating condition, but can also be used to analyze how
different operating strategies and external-condition variations may affect the subsequent system state.
[Conclusion] This method eliminates the need for complex physical analytical expressions and simulation
modeling, effectively solving prediction challenges caused by significant operational lag and strong coupling of
operational parameters in indirect cooling towers. It provides a novel technical solution for safe, economical
operation and intelligent control of indirect cooling towers in power plants during winter.
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Fig 1 Structural dimensions of indirect cooling tower
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Tab.1 Main monitoring parameters for the operation of
cooling towers in coal-fired power units
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Tab.2 Relationship between pump on-off combinations,
flow rate and flow velocity of the indirect dry-cooling tower
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Fig.2 Correlation coefficient heatmap of operating parameters in sector 1 of the indirect dry-cooling tower
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Fig.3 Correlation coefficient heatmap of operating parameters for the indirect dry-cooling tower unit
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Fig.5 Prediction results of return water temperature in
sector 1

R 6 WRANMEEE 2-12 BXEIKEEFUNBEE (5 6. 7 BXRK
£
Tab.6 Prediction accuracy of return water temperature in
sectors 2-12 of the cooling tower (excluding sectors 6 and 7)

i EMSZE R? Elwsg R? EMSZE R2 EOMSZE R2

KX L(S?Fl\)ll LSTM /(\ﬁ,\)l ANN (RCF) RF }(<ﬁ|\)1 KNN
2 116 094 156 094 206 094 315 072
3 125 094 175 095 153 093 248 074
4 105 082 152 098 155 094 222 08
5 097 094 141 094 179 092 277 069
8 102 098 144 093 157 096 341 081
9 139 097 167 095 176 096 401 081
10 111 096 162 094 184 093 329 072
1 132 082 171 09 18 092 227 079
12 098 095 141 094 148 094 259 076

2.2 [E)% 2 2 7K R B TN A5 RY

[F1] ¥ 1 3000 XD fd X A BE FT BE 58, T2 iR
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Bl 22 5%, 808 X KRR /A AN, 76 ha g il
R, [RIbk, TR LA X B KRR A% A\ TR
(] IR FAR Y . &l 6 P, s [X TR (B K JL R
5 R )KL P AT B A ok 9255, LSTM [ []
AR ITTAR TR R, MHREE Emse B
TR 0.78~0.93. AL 2 T, ANNL RF F1 KNN
Py s hn, o ANN A4 5 g (A AR 2R It
4ReJ1, f£5 KNN MHIE#) Emse T (0.12 5 0.11) ,
ZANMEPE X 8] Enrvse AR, SR IX EIIA 0.17 (KNN
4 0.21) , 95968} ] Tl i 22 4% | 7E+£0.69°C LAY (3£
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Fig.6 Prediction results of total return water temperature
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Fig.7 Prediction results of unit back pressure
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Fig.8 Prediction results of total inlet water temperature of
the indirect dry-cooling tower
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0 X [E] K F34) Emse 9 0.026, 95%H [i1] P 4%
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Fig.10 Self-derived prediction results of indirect dry-cooling
tower sector for 1 hour ahead starting from the initial time
2024/1/6 9:00.

H13% 10 "7 0L, SEUVEWRR EEE XS E R
FAF TR RE T B AT AN, A — %
JEIEA R GBI K I AR R, R X el
TR L B B A B AR IR S Pk A B AR &, JF
A T KU Z D B HER RABATIRES, AT SEBE
B Bh A B AT .

R7 EREBBEXEKE. BEKEE. NALESD#HKRE S XETUM Enrvse

Tab.7 Prediction Enrmse of Each Interval for Indirect Dry-Cooling Tower Sector Return Water Temperature, Total
Return Water Temperature, Unit Back Pressure, and Total Inlet Water Temperature

1 X EKIEE (°C)

SEZKIRE (°C)

vE vE i vE NE] =] E=m =l
| R RN R i EMSE R i i EMSE
(15-25)  (25-35) (35-45) (15-25) (25-35) (35-45)
LSTM 0.11 0.1 0.52 0.95 0.11 0.09 0.2 0.94
ANN 0.15 0.13 0.46 1.49 0.03 0.04 0.12 0.12
RF 0.14 0.16 0.66 2.16 0.03 0.03 0.17 0.16
KNN 0.35 0.16 10.43 2.81 0.04 0.03 021 0.11

R 4E
Tab.7 Continued
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10 kA% PR By
P E (kPa) HBEKIREE (°C)
KEE $EE "mEE fiGiR R [l
o s R
(0-5)  (5-10)  (10-15) (20-30)  (30-40)  (40-50)

LSTM 025 0.1 018 027 019 0.13 012 165

ANN 0.6 0.13 057 088 033 0.07 006 113

RF 0.12 0.01 002 001 004 0.02 002 001

KNN 0.35 0.03 004 019 019 0.06 003 019

* 8 FUNEESEE
Tab.8 Prediction Accuracy Range
TR (1-12 Ji5 X R17K R B Rl K 5 KO L B °C, LA by kPa)
s LSTM ANN RF KNN
65% 95% 99.50% 65% 95% 99.50% 65% 95% 99.50% 65% 95% 99.50%

1HKX 10,97 +.95 2.92 +.22 2.44 43.66 +.47 2.94 441 +1.68 4335 15.03
2 BIX +.08 ©.15 43.23 .25 .50 4375 .44 287 #.31 +.77 4355 4532
3 X +.12 2.24 43.35 .32 12,65 43.97 .24 247 371 +.57 13.15 15.03
4 X .02 2.05 43,07 .23 247 13.70 +.24 2.49 1373 +1.49 2.98 .47
5 HIX 40.98 +.97 .95 +.19 .37 +3.56 +.34 2,68 +.01 +1.66 +3.33 +5.03
8 X +.01 2,02 +3.03 .20 .40 43.60 .25 .51 +3.76 +1.85 +3.69 5,54
9 X +.18 2.36 3,54 .29 2,58 43.88 +.33 2,65 43.98 2,00 +4.00 45.03
10 BIX +.05 211 43.16 #.27 .55 3.82 +1.36 271 .07 +.81 4363 45.44
11 B X #.15 .30 345 #.31 .62 3.92 +1.36 273 .09 + .51 3,01 +5.03
12 J3IX 40.99 +1.98 2,97 +.19 2.37 13.56 +.22 243 43.65 +.61 3.22 +4.83
SRR 0,97 +1.94 2091 10.35 0,69 +1.04 30.40 10.80 +.20 10.33 0,66 +0.99
B R +0.52 .04 +1.56 0.94 +1.88 .81 20.10 20.20 030 20.44 0,87 +.31
SHEKIREE +.28 .57 +3.85 +1.06 .13 +3.19 .17 0.35 .52 0.44 .87 +.31

* 9 BHERTUMEDSE 2~12 BXEIKEE Evse (Bk 6. 7 BIX5M)

Tab.9 Self-derived predicted return water temperature in sectors 2-12 of the indirect dry-cooling tower (excluding
sectors 6 and 7)

.. E .. E .. E
ﬁ li% =2 (o'\észi )Eij lﬁ;_? =2 (o’\ésg ﬁ Iig 52 (o’\éSZ‘;
2 0.12 3 0.14 4 0.09
5 0.08 8 0.11 9 0.11
10 0.07 11 0.08 12 0.16

* 10 SEBRANZRZHIERRN T EMRIILL

Tab.10 Comparison with existing data-driven methods for cooling system research
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Fig.11 Changing operating condition results of indirect
dry-cooling tower for 40 min ahead starting from the initial
time 2024/1/6 9:20
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