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Abstract

Because it is difficult to accurately measure the external scale inhibition rate of evaporative con-
denser heat exchange tube, an experimental device for adding citric acid into spray water was
built and 180 groups of experimental data were obtained. In this paper, BP and GRNN neural net-
works are used to predict the scale inhibition rate, and combined with PCA, dimension reduction
of experimental input parameters is carried out, and the prediction results before and after di-
mension reduction are compared. Before dimensionality reduction, the input parameters of the
two models are experiment time, outer wall temperature of heat exchange tube, spray water tem-
perature, pH value and conductivity. After dimensionality reduction, the input parameters of the
two models are Y; and Y>, and the output parameters are scale inhibition rate. By comparing the
prediction results before and after dimension reduction, the running time of BP network decreased
from 20s to 15s, error index RMSE and MAPE decreased from 2.45% and 3.6% to 1.44% and 2.38%
respectively, and correlation coefficient R increased from 0.9745 to 0.9885. The running time
of GRNN decreased from 0.8s to 0.4s, the error index RMSE and MAPE decreased from 1.78%
and 2.85% to 1.04% and 1.98% respectively, and the correlation coefficient R increased from
0.9853 to 0.9966. Moreover, GRNN model after dimensionality reduction has shorter prediction
time, smaller error index and higher correlation than BP model, which is more suitable for this
field.
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Figure 1. Molecular structural formula of CA
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Figure 2. Experimental system
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Figure 3. Simulation of countercurrent closed tower experimental device
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Table 1. Parameters of simulated heating tube
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P AR 6
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SEUG R B e AR AN B, A S XU (8 1, PRI BERE, SRR HK .

HEXE K FEA 160 mm, 5 EE A 25 mm, 3 X T5 5 AL HAVE TS 358 A 0 B 250 40 mm.
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Table 2. Experimental conditions
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Figure 4. Flow diagram of principal component analysis
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Table 3. Correlation coefficient matrix of influencing factors

= 3. FMEREEXRHKERE

FATIESES pH {& o T Tho Ts
pH 1 1 -0.42 0.95 0.46 0.19
o -0.42 1 -0.12 0.47 0.73
T 0.95 -0.12 1 0.70 0.48
Tho 0.46 0.47 0.70 1 0.92

T, 0.19 0.73 0.48 0.92 1
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Table 4. Principal component analysis of each influencing factor
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ERGr FFAEME TTRRE (%) R TTHRE (%)
Y; 2.937 58.738 58.738
Y, 1.91 38.203 96.94
Y3 0.127 2.54 99.481
Y, 0.023 0.465 99.946
Ys 0.003 0.054 100
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Figure 5. Variation of network running time with the number of
hidden layer nodes before and after PCA processing
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Figure 6. The variation of parameters of BP model with the number of hidden layer nodes before and after PCA processing
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Figure 7. Changing trend of MAPE value with number of iterations
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Figure 8. The variation of parameters of BP model with spread values before and after PCA processing
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Figure 9. Linear regression analysis of predicted and actual values of the two models after PCA treatment
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Figure 10. Relative errors of the two models after PCA treatment
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