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Abstract: In the study of valve failure behavior, traditional methods often treat valves as isolated individuals or fixed 
resistance components, leading to misjudgments about valve performance and the accuracy of pipeline 
network models, and further affecting the efficiency of fault detection and handling. Therefore, this research 
analyzes the current status of industrial pipeline networks and summarizes the existing problems in current 
studies. It proposes a new approach to judge the failure behavior of valve networks in complex industrial 
pipeline networks, considering the relationship between valve opening and resistance, and establishes a 
model correlating valve failures with pipeline flow rates. Additionally, a computer-based valve network 
information model is established, taking into account the mutual influence relationship between valve 
clusters in the pipeline network and modeling the entire pipeline network. This model provides convenience 
for the input and computation of large-scale pipeline network operational data sets into computers. 

1 INTRODUCTION 

Valves are an essential component of complex 
industrial pipe networks, forming the structure of the 
network along with straight pipes, elbows, and 
pipeline accessories. Since valves are movable 
components with variable flow and resistance, they 
have a relatively high failure frequency and thus 
become the main object of study for pipeline 
network operation and maintenance. 

In existing research, one approach is to study the 
characteristics and fault manifestations of valves as 
independent entities, examining the changes in 
various parameters under single-valve failure 
conditions. Another approach treats valves as fixed 
resistance elements and studies pipeline network 
failures based on network models. However, in real-
world industrial pipe networks, valve parameters 
dynamically change, and valves are used jointly to 
form a valve network with interconnected 
information. Existing pipeline network models 
cannot be directly used for discriminating valve 
failure behaviors. Therefore, in-depth research on 
the valve network model of complex industrial pipe 
networks is crucial for effectively managing 
intelligent valves and improving industrial 

production safety. 
Particularly noteworthy is the fact that complex 

industrial pipe network systems typically consist of 
hundreds or even thousands of valves and pipelines, 
resulting in a massive operational dataset. With the 
continuous innovation of industrial technology, 
valves are gradually moving towards intelligence 
and the Internet of Things (IoT). High-end valves, 
which possess self-information collection, storage, 
transmission, and self-diagnostic capabilities, have 
become a trend in valve development. Currently, 
pipeline network valves are gradually developing 
towards the IoT, with massive numbers of valves 
being managed through cloud-edge collaboration 
techniques. Effectively categorizing and processing 
this vast amount of operational data has become the 
key to enhancing the efficiency of pipeline valve 
management. 

2 ANALYSIS OF CURRENT 
RESEARCH STATUS 

2.1 Characterization of Valve Faults 

In studies that treat valves as independent entities, 
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scholars often analyze current signals and vibration 
signals to delve into the fault characteristics of 
valves. Fabio and his team (Fabio et al, 2023), for 
instance, utilized current signals, acoustic emission 
signals, and vibration signals to represent valve 
faults during hydraulic valve fault diagnosis. In their 
specific experiments, they achieved nearly 99% 
accuracy in fault characterization using current and 
vibration signals. Liu and his colleagues (Liu et al, 
2024) conducted vibration analysis and fault 
diagnosis research on water hydraulic relief valves, 
employing changes in external vibration response to 
diagnose internal faults. They collected and 
processed displacement signals and voltage signals 
from valve vibrations for fault diagnosis. Yang and 
his team (Yang et al, 2021) analyzed vibration faults 
in control valves and proposed optimization 
solutions. Zeng and his team (Zeng et al, 2021), in 
their study of electric valve fault characteristics, 
analyzed and processed acquired current signals, 
vibration signals, and acoustic emission signals. 
They proposed a method for electric valve signal 
processing and feature extraction, extracting fault 
features such as effective current value, peak impact 
current, stroke time, effective value of acoustic 
emission signals, acceleration level, impact 
frequency, and acceleration frequency domain 
signals to represent the fault state of the valve. Xiao 
and his colleagues (Xiao et al, 2020) utilized 
vibration signals, pressure signals, and key phase 
signals for fault diagnosis of reciprocating 
compressor air valves using a deep convolutional 
neural network. Their experiments demonstrated that 
vibration signals and pressure signals had the highest 
diagnostic accuracy when used in a two-dimensional 
CNN. From these studies, it is evident that valve 
vibration is closely related to faults. Therefore, in the 
study of valve networks in industrial pipe networks, 
vibration signals can be selected to represent valve 
faults. 

It is noteworthy that scholars such as Venkata 
(Venkata, 2018) have placed valves within pipe 
networks and studied the dynamic correlation 
between flow pattern changes and valve vibrations 
caused by individual control valves through the 
training of neural network models. Based on this, 
they conducted fault diagnosis on the valves. 
However, in practical applications, valves always 
operate as a part of the pipe network system and 
cannot function independently from the network. 
Therefore, following the approach of Venkata and 
other scholars, we will delve deeper into the 

correlation between valve vibrations and pipe 
network flow rates, aiming to establish a model that 
links valve vibrations with changes in pipe network 
flow. This approach will provide a more 
comprehensive understanding of valve behavior 
within complex pipe networks and facilitate more 
accurate fault diagnosis and management. 

2.2 Aspects of Establishing Pipeline 
Network Models 

In the field of pipeline network modeling, scholars 
primarily adopt various modeling techniques such as 
neural network training, algorithm-based model 
training, graph theory, and Kirchhoff's laws. To 
simplify the expression of the pipeline network 
model, valves are generally treated as fixed 
resistance elements. However, in actual pipeline 
network operations, valves are dynamic components 
with variable flow rates and variable resistances, 
resulting in a higher frequency of failures. Therefore, 
when establishing pipeline network models, it is 
crucial to incorporate additional valve 
characterization parameters to investigate the failure 
behavior of valves within the network. By doing so, 
the models can more accurately reflect the dynamic 
characteristics of the pipeline network, including the 
impact of valve failures, and provide valuable 
insights for fault diagnosis, flow optimization, and 
energy management. 

When utilizing neural network model training 
and algorithmic model training to establish pipeline 
network models, it is often the case that feature data 
is directly trained and acquired, making it difficult to 
directly incorporate valve characterization 
parameters into the model. Scholars such as Wang 
(Wang, 2010) have established a hybrid correlation 
matrix that includes valve information based on a 
planar pipeline network. Through matrix scanning 
methods, a valve network model is established to 
enable the search for closed valves and valve 
shutdown areas during fault isolation. Other scholars, 
such as Kim (Kim et al, 2022 and Kaliatka et al, 
2012), have developed neural network models for 
water supply pipeline networks. By training the 
models using pressure data sets from both normal 
operating conditions (without leaks) and different 
leakage rates in laboratory pipeline networks, 
reliable fault diagnosis models have been obtained. 
Zhou (Zhou et al, 2008 and Lin, 2017) and other 
scholars have employed algorithmic training to 
obtain pipeline network models, and the correctness 

DMEIS 2024 - The International Conference on Data Mining, E-Learning, and Information Systems

120



 

 

of these models has been verified through 
experiments. 

When establishing a pipe network model based 
on graph theory and Kirchhoff's laws, it is possible 
to incorporate additional representation parameters 
for valves into the expressed physical model. 
Shuang (Shuang, 2017) explored the modeling 
method for urban water supply pipe networks based 
on graph theory, effectively describing the 
topological structure of the pipe network using 
adjacency matrices and incidence matrices. He 
established a topological structure representation for 
the water supply pipe network and developed a 
hydraulic calculation model for the pipe network by 
combining the laws of mass conservation and energy 
conservation with the Hazen-Williams formula. 
Scholars such as Lei (Lei, 2011) and Pecci (Pecci et 
al, 2020 and Wang et al, 2005) also adopted a 
hydraulic calculation model for pipe network 
leakage conditions based on graph theory and 
Kirchhoff's laws. In the case of pipeline leakage, a 
node is added to the leaky pipeline, dividing it into 
two segments, and then the model is used to 
calculate the changes in pressure at each node and 
flow rates in the pipe segments. Scholars like 
Manservigi (Manservigi et al, 2022) utilized 
physics-based equations to calculate all measurable 
variables in district heating networks (DHN), 
including flow rate, temperature, and pressure. They 
established a pipe network model to detect and 
identify the most common faults affecting DHN 
pipelines, namely water leakage, heat loss, and 
pressure loss. Zhou (Zhou et al, 2017) and other 
scholars proposed an "object-oriented" approach to 
calculate the hydraulic conditions of irregular 
networks. Li (Li et al, 2004) and colleagues 
simplified the hydraulic mathematical model based 
on the symmetrical characteristics of the supply and 
return pipe networks in branched systems, 
considering pressure verification for flow-limiting 
users and analysis of pipe network fault conditions 
when establishing the calculation model. 

Therefore, we can draw insights from scholars' 
approaches in using graph theory and Kirchhoff's 
laws to establish pipe network models. By 
incorporating representation parameters for valves 
into the pipe network, we can delve deeper into the 
study of valves and valve network failures within the 
pipe network. This will provide theoretical support 
for the optimization and fault diagnosis of the pipe 
network system. 

3 APPROACH TO 
ESTABLISHING A PHYSICAL 
MODEL LINKING VIBRATION 
PARAMETERS OF VALVE 
STEMS WITH FLOW 
FLUCTUATIONS IN A PIPE 
NETWORK SYSTEM 

After reviewing relevant literature, it has been found 
that scholars have established neural network 
models linking vibration information of individual 
valves with flow pattern changes in pipe networks. 
However, these models do not fully capture the 
essence of the coupling between valve mechanical 
failures and fluid motion. Therefore, there is a need 
to establish a physical model that connects valve 
vibration information with flow variations in the 
pipe network system. Such a model would reveal the 
fundamental coupling between valve mechanical 
failures and fluid motion, providing scholars with a 
clearer and deeper understanding of the interactions 
involved. 

The Bernoulli equation for ideal fluids is as 
follows (1):  𝑝 + 12𝜌𝑣ଶ + 𝜌𝑔ℎ = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 (1) 

Namely (2): 𝑝௔ + 12𝜌𝑣௔ଶ + 𝜌𝑔ℎ௔= 𝑝௕ + 12 𝜌𝑣௕ଶ + 𝜌𝑔ℎ௕ 
(2) 

The resistance to the flow of actual fluids in pipe 
networks can be categorized into two types: friction 
resistance (also known as frictional loss or along-
the-way resistance) and local resistance. These 
resistances result in two types of energy losses: 
along-the-way loss ℎ௙  and local loss ℎ௠ , 
respectively (Ma et al, 2011). 

Local pressure loss (3): 𝑃௠ = 𝜉 𝜌𝑣ଶ2  (3) 

Frictional pressure loss or along-the-way 
pressure loss (4): 𝑃௙ = 𝜆 𝑙𝑑 𝜌𝑣ଶ2  (4) 

In the formula (3)(4): 𝜆 : Frictional Resistance 
Coefficient; 𝑙: Length of Pipe Section (𝑚); 𝑑: Pipe 
Diameter ( 𝑚 ); 𝜌 : Fluid Density ( 𝑘𝑔/𝑚ଷ ); 𝑣 : 
Average Cross-sectional Velocity (𝑚/𝑠 ); 𝜉 : Local 
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Resistance Coefficient. Therefore, the Bernoulli 
equation for actual fluids is as follows (5): 𝑝௔ + 12𝜌𝑣௔ଶ + 𝜌𝑔ℎ௔= 𝑝௕ + 12𝜌𝑣௕ଶ + 𝜌𝑔ℎ௕+ 𝑃௠ + 𝑃௙ 

(5) 

𝑝௔ + 12𝜌𝑣௔ଶ + 𝜌𝑔ℎ௔= 𝑝௕ + 12𝜌𝑣௕ଶ + 𝜌𝑔ℎ௕+ 𝜉 𝜌𝑣ଶ2 + 𝜆 𝑙𝑑 𝜌𝑣ଶ2  

(6) 

𝑝௔ᇲ + 12𝜌𝑣௔ᇲଶ + 𝜌𝑔ℎ௔= 𝑝௕ᇲ + 12𝜌𝑣௕ᇲଶ + 𝜌𝑔ℎ௕+ ሺ𝜉 + ∆𝜉ሻ 𝜌𝑣′ଶ2+ 𝜆 𝑙𝑑 𝜌𝑣′ଶ2  

(7) 

By subtracting equation (7) from equation (6), 
we can obtain (8): ∆𝑣 = 𝑓ଵሺ∆𝜉ሻ (8) 

Wherein, according to the continuity equation, 
we have (9)(10)(11): 𝑄 = 𝐴௔𝑣௔ = 𝐴௕𝑣௕ = 𝐴𝑣 (9) 𝑣௔ = 𝐴𝑣𝐴௔  (10) 

𝑣௕ = 𝐴𝑣𝐴௕  (11) 

It is known that there is a relationship between 
the acceleration of the valve body, 𝑎௩௔௟௩௘ , and the 
vibration displacement of the valve stem, 𝑋 , as 
follows (12)(13): 𝑎௩௔௟௩௘ = 𝑑ଶ𝑋𝑑𝑡ଶ = 𝜔ଶ𝐴𝑠𝑖𝑛ሺ𝜔 + 𝜑 + 𝜋ሻ (12) 𝑋 = 𝑓ଶሺ𝑎௩௔௟௩௘ሻ (13) 

Therefore, the objective is to explore the 
relationship between the local resistance coefficient 
of the valve and the vibration displacement of the 
valve stem. To address this issue, we need to 
conduct further analysis and calculations (14): ∆𝜉 = 𝑓ଷሺ𝑋ሻ (14) 

By doing so, we can establish a physical model 
that characterizes the relationship between the 
vibration parameters of a single valve stem and the 
flow velocity fluctuations in the pipeline system (15). ∆𝑣 = 𝐹ሺ𝑋ሻ (15) 

By doing so, we can derive a physical model that 
describes the relationship between the vibration 
parameters of a single valve stem and the flow rate 
fluctuations in the pipeline system (16). ∆𝑄 = 𝐹ሺ𝑋ሻ (16) 

The overall modeling approach is as shown in 
Figure 1: 

 

Figure 1: Establishment of a physical model for the relationship between valve stem vibration parameters and pipeline 
network system flow parameters. 

DMEIS 2024 - The International Conference on Data Mining, E-Learning, and Information Systems

122



 

 

 
Figure 2: Schematic diagram of sub-network 1. 

4 ESTABLISHMENT OF A 
COMPUTER-BASED VALVE 
NETWORK INFORMATION 
MODEL 

A computer-based valve network information model 
is established to categorize and process a vast 
amount of pipeline network operational data, 
facilitating the input and computation of large 
datasets on computers. This model also takes into 
account the mutual influence relationships among 
valve clusters in the pipeline network, enabling the 
modeling of the entire pipeline network and 
facilitating the analysis of the valve network within 
the pipeline network. Complex industrial pipeline 
networks can be divided into several sub-networks, 
and the characteristics of the complex industrial 
pipeline network can be derived by studying the 
characteristics of the sub-networks. As shown in 
Figure 2, it is a schematic diagram of a sub-network. 

The computer-based valve network information 
model is established based on the fundamental fluid 
mechanics equation-Bernoulli's equation. Taking 
Sub-network 1 as an example to establish a data 
processing model for the pipeline network, a method 
for establishing a dataset processing model for the 
valve network in complex industrial pipeline 
networks can be derived, thereby establishing the 
corresponding valve network information model. 

4.1 Bernoulli's Equation 

The Bernoulli equation for actual fluids is (17): 

𝑝௔ଵ + 12𝜌𝑣௔ଵଶ + 𝜌𝑔ℎ௔ଵ= 𝑝௕ଵ + 12𝜌𝑣௕ଵଶ+ 𝜌𝑔ℎ௕ଵ + 𝑃௠ + 𝑃௙ 

(17) 

Let (18)(19): ∆𝑃 = 𝑃௠ + 𝑃௙ (18) ∆𝑃 = 𝜉 𝜌𝑣ଶ2 + 𝜆 𝑙𝑑 𝜌𝑣ଶ2 = ሺ𝜉 + 𝜆 𝑙𝑑ሻ 𝜌𝑣ଶ2  (19) 

Then we have (20): 𝑝௔ଵ + 12 𝜌𝑣௔ଵଶ + 𝜌𝑔ℎ௔ଵ= 𝑝௕ଵ + 12𝜌𝑣௕ଵଶ+ 𝜌𝑔ℎ௕ଵ + ∆𝑃 

(20) 

We can derive the pressure drop equation as follows 
(21): 𝑝௕ଵ = 𝑝௔ଵ + 12𝜌ሺ𝑣௔ଵଶ − 𝑣௕ଵଶ ሻ + 𝜌𝑔ሺℎ௔ଵ− ℎ௕ଵሻ − ∆𝑃 

(21) 

4.2 Impedance Calculation (Ma et al, 
2011)0 

For any pipe network system, it consists of 
numerous pipe segments connected in series and 
parallel. According to fluid mechanics, in a series of 
pipe segments, the total impedance 𝑆௖ of the series is 
equal to the sum of the impedances 𝑆௜  of each 
individual pipe segment. That is (22): 𝑆௖ = ෍𝑆௜௠

௜ୀଵ  (22) 

In the formula (22), m represents the number of 
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pipe segments connected in series. 
When the gravitational effects are equal in each 

loop, the relationship between the total impedance 𝑆௕ of the parallel pipe segments and the impedance 𝑆௝  of each individual parallel pipe segment is as 
follows (23): 1ඥ𝑆௕ = ෍ 1ඥ𝑆௝௡

௝ୀଵ  (23) 

In the formula (23), n represents the number of 
pipe segments connected in parallel. 

Sometimes the resistance characteristics of 
parallel pipelines are analyzed by using the general 
derivative (24). 𝑎௕ = ෍𝑎௝௡

௝ୀଵ  (24) 

In the formula (24), n represents the number of 
pipe segments connected in parallel. 𝑎௕  represents 
the total conductance of the parallel pipeline (25). 𝑎௝ 
represents the conductance of each individual 
pipe segment (26). 𝑎௕ = 1ඥ𝑆௕ (25) 𝑎௝ = 1ඥ𝑆௝ (26) 

Using the aforementioned calculation methods 
for impedance in parallel and series pipe segments, 
the total impedance value of the entire pipe network 
can be gradually determined. To solve this problem, 
necessary calculations will be performed using 
Python 𝑆௭ code. 

4.3 The Dataset Processing Model for 
Pipeline Networks 

When calculating the impedance of a pipeline 
network system, it is common to divide the network 
into series and parallel sections, calculate their 
impedances separately, and then determine the 
overall impedance of the network. This same 
approach is applicable when establishing the dataset 
processing model for pipeline networks. 

The establishment approach for the dataset 
processing model of pipeline networks involves the 
following steps: 

Pressure Drop Equation (21): 𝑝௕ଵ = 𝑝௔ଵ + 12𝜌(𝑣௔ଵଶ − 𝑣௕ଵଶ ) + 𝜌𝑔(ℎ௔ଵ− ℎ௕ଵ) − ∆𝑃 
(21) 

Impedance Relationship: 
Series Connection (22): 𝑆௖ = ෍𝑆௜௠

௜ୀଵ  (22) 

Parallel Connection (23): 1ඥ𝑆௕ = ෍ 1ඥ𝑆௝௡
௝ୀଵ  (23) 

Pressure Drop in a Single Pipe Segment (27): ∆𝑃௜ = (𝜉௜+𝜆௜ 𝑙௜𝑑௜)𝜌𝑣௜ଶ2  (27) 

Pressure Drop in the Pipeline Network (28): ∆𝑃 = ෍(𝜉௜ + 𝜆௜ 𝑙௜𝑑௜)𝜌𝑣௜ଶ2= ෍∆𝑃௖ +෍∆𝑃௕ 
(28) 

Divide the valve network of a complex industrial 
pipeline into several sub-networks, and select points 
a and b in each sub-network as measurement points: 

(1) Measure the flow velocity 𝑣௔ଵ, pressure 𝑝௔ଵ, 
and height ℎ௔ଵ at point a in the pipeline network. 

(2) Calculate the flow rate 𝑣௕ଵ and height ℎ௕ଵ at 
point b in the pipeline network based on the 
structural information of the network (as the 
calculation of flow rate can be simply and directly 
derived from the pipeline structure, unaffected by 
factors such as gravity and valves, whereas pressure 
is influenced by gravity, valves, and other 
components). 

(3) Based on the series and parallel relationships 
of the pipe segments, a table is established to import 
the data of each pipe segment in the pipeline 
network. 

(4) Each column of the table can be expressed in 
matrix form, and the pressure drop in each pipe 
segment of the pipeline network can be obtained 
through matrix operations. 

(5) The pressure at point b in the pipeline 
network is calculated as 𝑝௕ଵ  using the pressure 
equation derived from the Bernoulli equation for real 
fluids. 

(6) The pressure at point b in the calculated 
pipeline network, denoted as 𝑝௕ଵ, is subtracted from 
the actually measured pressure at point b in the 
pipeline network. Based on the calculation results, it 
is determined whether there is a fault in the pipeline 
network. 

(7) If there is a fault in the pipeline network, the 
flow fluctuations ∆𝑣ଵ,∆𝑣ଶ, … ,∆𝑣௡  in each pipe 
segment are calculated. A relationship between the 
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pipeline flow fluctuations and valve vibrations is 
established as ∆𝑄 = 𝐹(𝑋). Based on the magnitude 
of the flow fluctuations, the specific location of the 
failed valve in the pipeline network is determined. 

(8) By repeating steps (1) to (7) with another 
sub-network, it can be determined whether there is 
valve failure in the complex industrial pipeline 
network. 

Taking subnetwork 1 as an example, the 
following dataset processing model for the pipeline 
network is established. For subnetwork 1, analyzing 
its structure reveals that the main trunk of the 
pipeline network consists of pipe segments 1-4-8-9. 
Among them, pipe segments 2 and 3 are connected 
in series and are also serially connected at branch 
point 2 of the main trunk. Pipe segments 5, 6, and 7 
are connected in series and are in parallel with pipe 
segment 8 in the main trunk. The expression 
methods for various parameters of pipe segment i in 
the pipeline network are as follows: Pipe length is 𝑙௜; 
Pipe diameter is 𝑑௜; Friction resistance coefficient is 𝜆௜; The flow velocity of each pipe segment is 𝑣௜; The 
flow rate of the pipe segment is represented by 𝑄௜, 
which is calculated based on 𝑣௜ and 𝑑௜(29). 𝑄௜ = 𝑣௜𝜋(𝑑௜2 )ଶ (29) 

The local resistance coefficient of valve i in the 
pipe segment is 𝜉௜. 

For each pipe segment in subnetwork 1, Tables 1 
and 2 can be established as follows. 

Calculate the impedance ∆𝑃௕  of the parallel 
section in Subnetwork 1: 

Resistance relationship: Parallel connection (23): 1ඥ𝑆௕ = ෍ 1ඥ𝑆௝௡
௝ୀଵ  (23) 

Generally, (24) is used to represent it. 𝑎௕ = ෍𝑎௝௡
௝ୀଵ  (24) 

Where (25)(26): 𝑎௕ = 1ඥ𝑆௕ (25) 𝑎௝ = 1ඥ𝑆௝ (26) 

The resistance of each pipe segment (30): 𝑆௜ = 𝜉௜+𝜆௜ 𝑙௜𝑑௜ (30) 

The pressure drop of each pipe segment (31): ∆𝑃௜ = (𝜉௜ + 𝜆௜ 𝑙௜𝑑௜)𝜌𝑣௜ଶ2  (31) 

Then it follows that (32)(33)(34)(35): 

Table 1: Parameters of parallel pipe segments in subnetwork 1. 
Matrix 
Code 

A (Diagonal 
matrix) 

J (Diagonal 
matrix) 

B (Diagonal 
matrix) 

C (Diagonal 
matrix)  D (Diagonal 

matrix) 

Number Local resistance 
coefficient 𝜉௜ Change in local 

resistance 
coefficient ∆𝜉௜ Friction 

resistance 
coefficient 𝜆௜ Pipe length 𝑙௜ Pipe diameter 𝑑௜ Calculation 𝑏௜ = ଵௗ೔ 

1 𝜉଺ ∆𝜉଼ 𝜆଼ 𝑙଼ 𝑑଼ 𝑏଼ 
2 0 ∆𝜉ହ 𝜆ହ 𝑙ହ 𝑑ହ 𝑏ହ 
3 𝜉ହ ∆𝜉଺ 𝜆଺ 𝑙଺ 𝑑଺ 𝑏଺ 
4 0 ∆𝜉଻ 𝜆଻ 𝑙଻ 𝑑଻ 𝑏଻ 

Table 2: Parameters of serial pipe segments in subnetwork 1. 

Matrix 
Code  

E 
(Diagonal 

matrix) 

F 
(Diagonal 

matrix) 

K 
(Diagonal 

matrix) 

G 
(Diagonal 

matrix) 

H 
(Diagonal 

matrix) 
 

I 
(Diagonal 

matrix) 

Number 
Pipe 

segment 
flow rate 𝑄௜

Calculate 
pipe segment
flow velocity𝑣௜ 

Local 
resistance 

coefficient 𝜉௜ 
Change in 

local 
resistance 

coefficient ∆𝜉௜
Friction 

resistance 
coefficient 𝜆௜ Pipe length 𝑙௜ Pipe 

diameter 𝑑௜ Calculation 𝑏௜ = ଵௗ೔ 
1 𝑄ଵ 𝑣ଵ 𝜉ଵ ∆𝜉ଵ 𝜆ଵ 𝑙௔ିଶ 𝑑ଵ 𝑏ଵ 
2 𝑄ଶ 𝑣ଶ 0 ∆𝜉ଶ 𝜆ଶ 𝑙ଶ 𝑑ଶ 𝑏ଶ 
3 𝑄ଷ 𝑣ଷ 𝜉ଶ + 𝜉ଷ ∆𝜉ଷ 𝜆ଷ 𝑙ଷ 𝑑ଷ 𝑏ଷ 
4 𝑄ସ 𝑣ସ 𝜉ସ ∆𝜉ସ 𝜆ସ 𝑙ସ 𝑑ସ 𝑏ସ 
5 𝑄ଽ 𝑣ଽ 𝜉଻ ∆𝜉ଽ 𝜆ଽ 𝑙଼ି௕ 𝑑ଽ 𝑏ଽ 
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𝑆ଵ = ሾ𝐴ሿ + ሾ𝐽ሿ + ሾ𝐵ሿሾ𝐶ሿሾ𝐷ሿ
= ⎣⎢⎢
⎡𝑆଼ 𝑆ହ 𝑆଺ 𝑆଻⎦⎥⎥

⎤
 (32) 

𝑆ହି଻ = 𝑆ହ + 𝑆଺ + 𝑆଻ (33) 𝑎௕ = 𝑎଼ + 𝑎ହି଻ (34) ∆𝑃௕ = 𝜌𝑣ସଶ2 𝑆௕ (35) 

Calculate the impedance ∆𝑃௖ of the serial section 
in Subnetwork 1: 

Resistance relationship: Serial connection: 
Series Connection (22): 𝑆௖ = ෍𝑆௜௠

௜ୀଵ  (22) 

The resistance of each pipe segment (30): 𝑆௜ = 𝜉௜+𝜆௜ 𝑙௜𝑑௜ (30) 

The pressure drop of each pipe segment (31): ∆𝑃௜ = (𝜉௜ + 𝜆௜ 𝑙௜𝑑௜)𝜌𝑣௜ଶ2  (31) 

Then it follows that (36)(37): ∆𝑃஼ᇱ = ሾ𝐸ሿଶሼሾ𝐹ሿ + ሾ𝐾ሿ + ሾ𝐺ሿሾ𝐻ሿሾ𝐼ሿሽ ቂ𝜌2ቃ
= ⎣⎢⎢⎢
⎢⎡𝑃ଵ 𝑃ଶ 𝑃ଷ 𝑃ସ 𝑃ଽ⎦⎥⎥

⎥⎥⎤ (36) 

∆𝑃஼ = 𝑃ଵ + 𝑃ଶ + 𝑃ଷ + 𝑃ସ + 𝑃ଽ (37) 
Then, for Subnetwork 1, it follows that (38)(39): ∆𝑃 = ∆𝑃௖ + ∆𝑃௕ (38) 𝑝௕ = 𝑝௔ + 12𝜌(𝑣௔ଶ − 𝑣௕ଶ) + 𝜌𝑔(ℎ௔ − ℎ௕)− 𝜌𝑣22 ൬ξ + (

𝜆𝑑 l)൰ == 𝑝௔ + 12𝜌(𝑣ଵଶ − 𝑣ଽଶ)+ 𝜌𝑔(ℎ௔ − ℎ௕) − (∆𝑃௖+ ∆𝑃௕) 

(39) 

For the valve network in a complex industrial 
pipeline network, only by importing the flow rate, 
pressure, and other relevant parameters of each 
valve into the corresponding table using the 
aforementioned approach, and obtaining the 
corresponding matrix, can the desired pressure drop 
be calculated. By comparing this calculated result 
with the actual measured pressure in the pipeline 
network, it is possible to determine whether there is 

a leak in the network. This table (matrix) can store 
vast datasets of industrial pipeline networks, and the 
computation of these datasets can be carried out 
through computers, avoiding the uncertainty and 
immense workload associated with manual 
calculations. It provides convenience for computer 
input and computation of large datasets, enhancing 
the efficiency of pipeline valve management. 

5 CONCLUSION 

In the research on the valve network model of 
complex industrial pipeline networks, focus has been 
placed on the identification and establishment of 
industrial pipeline network models, the storage and 
computation of vast pipeline datasets, and the fault 
diagnosis of valves in the pipeline network. A new 
approach to judge the failure behavior of valve 
networks in complex industrial pipeline networks is 
proposed, considering the relationship between 
valve opening and resistance, and establishing a 
model correlating valve failures with pipeline flow 
rates. By analyzing the operational data of the 
pipeline network, it is possible to determine whether 
the valves are failing, enabling efficient and 
intelligent management of valves in the pipeline 
network. A computer-based valve network 
information model is established, with the measured 
vast pipeline dataset input into the computer through 
tables. The elements in the tables can be expressed 
as matrices, and through matrix operations, the 
required data can be quickly and accurately obtained, 
providing convenience for the input and 
computation of vast datasets on computers. At the 
same time, considering the mutual influence 
relationship among valve clusters in the pipeline 
network, the entire pipeline network is modeled, 
facilitating the analysis of the valve network within 
the pipeline network. This in-depth research on the 
valve network model of complex industrial pipeline 
networks focuses on issues such as model 
establishment, storage, and computation, providing a 
theoretical foundation for managing massive valves 
through cloud-edge collaboration and effectively 
categorizing and processing vast operational data. 
This enhances the management efficiency of 
pipeline valves. 
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APPENDIX 

The derivation process of formula (32) is as follows: 𝑆ଵ = ሾ𝐴ሿ + ሾ𝐽ሿ + ሾ𝐵ሿሾ𝐶ሿሾ𝐷ሿ
= ൦𝜉଺ 0 𝜉ହ 0 ൪ + ⎣⎢⎢

⎡∆𝜉଼ ∆𝜉ହ ∆𝜉଺ ∆𝜉଻⎦⎥⎥
⎤

+ ⎣⎢⎢
⎡𝜆଼ 𝜆ହ 𝜆଺ 𝜆଻⎦⎥⎥

⎤
⎣⎢⎢
⎡𝑙଼ 𝑙ହ 𝑙଺ 𝑙଻ ⎦⎥⎥

⎤
⎣⎢⎢
⎡𝑏଼ 𝑏ହ 𝑏଺ 𝑏଻⎦⎥⎥

⎤

= ⎣⎢⎢
⎡∆𝜉଼ ∆𝜉ହ ∆𝜉଺ ∆𝜉଻⎦⎥⎥

⎤ + ⎣⎢⎢
⎡𝜉଺ + 𝜆଼𝑙଼𝑏଼ 𝜆ହ𝑙ହ𝑏ହ 𝜉ହ + 𝜆଺𝑙଺𝑏଺ 𝜆଻𝑙଻𝑏଻⎦⎥⎥

⎤

= ⎣⎢⎢
⎡∆𝜉଼ ∆𝜉ହ ∆𝜉଺ ∆𝜉଻⎦⎥⎥

⎤ + ⎣⎢⎢
⎡𝑅଼ 𝑅ହ 𝑅଺ 𝑅଻⎦⎥⎥

⎤ = ⎣⎢⎢
⎡𝑆଼ 𝑆ହ 𝑆଺ 𝑆଻⎦⎥⎥

⎤
 

The derivation process of formula (36) is as follows:                ∆𝑃௖ᇱ = ሾ𝐸ሿଶሼሾ𝐹ሿ + ሾ𝐾ሿ + ሾ𝐺ሿሾ𝐻ሿሾ𝐼ሿሽ ቂ𝜌2ቃ 
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              = ⎣⎢⎢⎢
⎢⎡𝑣ଵ 𝑣ଶ 𝑣ଷ 𝑣ସ 𝑣ଽ⎦⎥⎥

⎥⎥⎤
ଶ

⎩⎪⎨
⎪⎧
⎣⎢⎢
⎢⎡𝜉ଵ 0 𝜉ଶ + 𝜉ଷ 𝜉ସ 𝜉଻⎦⎥⎥

⎥⎤ + ⎣⎢⎢⎢
⎢⎡∆𝜉ଵ ∆𝜉ଶ ∆𝜉ଷ ∆𝜉ସ ∆𝜉ଽ⎦⎥⎥

⎥⎥⎤

+ ⎣⎢⎢⎢
⎢⎡𝜆ଵ 𝜆ଶ 𝜆ଷ 𝜆ସ 𝜆ଽ⎦⎥⎥

⎥⎥⎤ ⎣⎢⎢⎢
⎢⎡𝑙௔ିଶ 𝑙ଶ 𝑙ଷ 𝑙ସ 𝑙଼ି௕⎦⎥⎥

⎥⎥⎤ ⎣⎢⎢⎢
⎢⎡𝑏ଵ 𝑏ଶ 𝑏ଷ 𝑏ସ 𝑏ଽ⎦⎥⎥

⎥⎥⎤⎭⎪⎬
⎪⎫ ቂ𝜌2ቃ

= ⎣⎢⎢⎢
⎢⎡𝑣ଵ 𝑣ଶ 𝑣ଷ 𝑣ସ 𝑣ଽ⎦⎥⎥

⎥⎥⎤
ଶ

⎩⎪⎨
⎪⎧
⎣⎢⎢⎢
⎢⎡∆𝜉ଵ ∆𝜉ଶ ∆𝜉ଷ ∆𝜉ସ ∆𝜉ଽ⎦⎥⎥

⎥⎥⎤

+ ⎣⎢⎢⎢
⎢⎡𝜉ଵ + 𝜆ଵ𝑙௔ିଶ𝑏ଵ 𝜆ଶ𝑙ଶ𝑙ଶ 𝜉ଶ + 𝜉ଷ + 𝜆ଷ𝑙ଷ𝑙ଷ 𝜉ସ + 𝜆ସ𝑙ସ𝑙ସ 𝜉଻ + 𝜆ଽ𝑙଼ି௕𝑙ଽ⎦⎥⎥

⎥⎥⎤⎭⎪⎬
⎪⎫ ቂ𝜌2ቃ

= ⎩⎪⎨
⎪⎧
⎣⎢⎢⎢
⎢⎡∆𝜉ଵ ∆𝜉ଶ ∆𝜉ଷ ∆𝜉ସ ∆𝜉ଽ⎦⎥⎥

⎥⎥⎤ + ⎣⎢⎢⎢
⎢⎡𝑅ଵ 𝑅ଶ 𝑅ଷ 𝑅ସ 𝑅ଽ⎦⎥⎥

⎥⎥⎤⎭⎪⎬
⎪⎫
⎣⎢⎢⎢
⎢⎡𝑣ଵ 𝑣ଶ 𝑣ଷ 𝑣ସ 𝑣ଽ⎦⎥⎥

⎥⎥⎤
ଶ
ቂ𝜌2ቃ

= ⎣⎢⎢⎢
⎢⎡𝑆ଵ 𝑆ଶ 𝑆ଷ 𝑆ସ 𝑆ଽ⎦⎥⎥

⎥⎥⎤ ⎣⎢⎢⎢
⎢⎡𝑣ଵ 𝑣ଶ 𝑣ଷ 𝑣ସ 𝑣ଽ⎦⎥⎥

⎥⎥⎤
ଶ
ቂ𝜌2ቃ = ⎣⎢⎢⎢

⎢⎡𝑃ଵ 𝑃ଶ 𝑃ଷ 𝑃ସ 𝑃ଽ⎦⎥⎥
⎥⎥⎤ 
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