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Leakage Fault Diagnosis of Heating Network Based on CNN-Transformer
LIANG Xiao-long', LI Jin-gang', XU Ping-ping', WANG Jia-long”, LIU Jie-jie’,
CHEN Tao’ , MENG Xian-yang’ "
(1. National energy Ningxia heating Co. , Ltd. , Yinchuan 750004, China; 2. National Energy Digital Intelligence

Technology Development ( Beijing) Co. , Lid. , Beijing 100040, China; 3. Key Laboratory of Heat Flow
Science and Engineering, Ministry of Education, Xi’an Jiaotong University, Xi’an 710049, China)

[ Abstract] On-line and efficient monitoring of leakage faults in district heating network can effectively increase the quality of heat
transmission and reduce energy consumption. However, the data feature extraction ability of conventional leakage fault diagnosis meth-
od is limited, and it is difficult to deal with the high dimensional nonlinear pressure flow monitoring data for complex heating network ,
which makes its diagnostic performance weak. Therefore, a fault diagnosis model of heating network leakage based on convolutional
neural network (CNN) and Transformer was proposed. The proposed CNN-Transformer diagnostic model combines CNN and Trans-
former network to realize joint learning of different time scales and spatial features. The CNN network was used to extract local features,
and the Transformer network was used to capture global features. The validity of the model was verified by simulating the fault data set
of the annular heating pipe network system. The results show that the proposed CNN-Transformer diagnosis model based on multi-stage
feature extraction and fusion mechanism of fault features significantly improves the accuracy of leak diagnosis. The CNN-Transformer
method has the highest accuracy on the test set, with an accuracy increase of 13.21% , 7.49% , 6. 1% and 4.62% , respectively,
compared to other fault diagnosis methods including long short-term memory network, gate recurrent network, CNN and Transformer.
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Table 2 The comparison of accuracy of different

A

x 100% (10)

leakage fault diagnosis methods

Jrik HERE 3/ %
CNN-Transformer 90.30
CNN 85.68
Transformer 84.20
GRU 82.81
LSTM 77.09

Mtk . www. stae. com. cn



2025,25(13)

P, % LT BRI Z 45 A Transformer (AL 3L i 532

5595

BRI E

SRR E

R FRE

nl-n2 =
n2-n3
n3-n4
n4-n5
n5-n6
n6-n7
n7-n8
n8-n9
n2-n10
nl0-nll
nll-nl2
nl2-n13
nl3-nl4
nl4-n15

n20-n36

1.0

0.8

n9-n37

Tt 3
(a)CNN-Transformeri2 i 45 SR8 40 B (BEK 5 1)

n2'-nl’
n3'-n2’
n4'-n3’
n5'-n4’
n6'-n5’
n7'-n6’
n8'-n7’
n9'-n8’
nl0'-n2’
nll’-n10
nl2-nll1’
n13'-n12’
nl4'-n13’
nl5-nl4" [
nl6’-nl5’
n9'-nl6" [
nl2'-n3’
nl7-n4" [
nl6-nl7" [
nl18-nl0" [
n19'-n18’
n20'-n19’
n22'-n14’
n21'-n22’
n20"-n21’
n23'-n3" [
n24'-n5" [
n25'-n6" [
n26'-n7" [
n27'-nll" [
n28-nl13" [
n30-nl18" [
n31'-n22" [
n32-nl5" [
n33'-n8" [
n34'-n21" [
n35-nl9" |
n36'-n20" [
n37'-n9" 0o 0 v 0o 1y

T i A
(b)CNN-TransformeriZ 7 45 Fe 15 V8 HE B ([E K 8 %)

Bl 6 CNN-Transformer 1527 (1) 7 Y 5 5 12 Wi 45 S 0 T8V 0 5 LU A%

Fig. 6  Confusion matrix comparison of leakage fault diagnosis results of CNN-Transformer model
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Fig. 8 Confusion matrix comparison of leakage fault diagnosis results of Transformer model
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Fig. 10  Confusion matrix comparison of leakage fault diagnosis results of LSTM model
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