
International Journal of Innovative Technology and Exploring Engineering (IJITEE) 

ISSN: 2278-3075, Volume-8 Issue-9, July 2019 

 

18 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  Retrieval Number: G5331058719/19©BEIESP 

 

Abstract: Compressed air distribution system is a major source 

of industrial power as it is safe, reduces cost of labour and easily 

transmitted. A well designed system should transport compressed 

air from the point of production to the point of application. 

However certain factors like type of compressor, air quality, layout 

and flow rate are major attributes to a well-designed system. Air 

ducts area unit the foremost vital elements of such reasonably 

systems, they outline the most important dynamic characteristics. 

The  unidirectional flow is sometimes assumed once modelling the 

gas flow through associate degree duct. The  work utilization of 

the electrical analogy methodology by change of integrity 

opposition with the hypothetically determined models of 

capacitance and inductance that prompts loads of first-request 

customary differential conditions for transient investigation of 

equal gas streams in pipeline network. Understanding the 

projected order standard equation is actually loads a lot of simple 

than world organization ravelling the arrangement of incomplete 

differential conditions. The process focal points of this strategy 

are shown by different them and therefore the ancient techniques 

once connected to a scope of pipe network simulation. 

 
Index Terms: Air duct, Partial differential equations, 

Differential predictive control, MATLAB-Simulink.. 

I. INTRODUCTION 

   

   Distribution of compressed air through a system of 

complex pipelines is a primary test in the region of pipeline 

networks.  Compressed air pipeline networks square measure 

systems with long pipelines consisting of pipes, production, 

storage and distribution centers, compressor, for instance, 

management valves, actuators and then on. These kinds of 

systems work on air mass and undergo intensify stations to 

provide compressed air at particular pressure. At the point 

when any liquid courses through the system it acquires 

misfortunes in the two spaces i.e energy and weight 

misfortunes because of the grinding between packed air and 

dividers of the pipelines. Whenever requested gas must be 

provided to conveyance focuses with a predetermined weight, 

the unwanted weight drops on the system should be 

intermittently re-established. This endeavor is performed by 

pressure stations introduced on the system, but these usually 

devour over 3 % or 5 % of complete gas transported [1]. If 

there should be an occurrence of any crisis circumstances it is 

important to enact a crisis system to keep away from such 

possibility.  
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A general square outline of a compressed  air appropriation 

organize is appeared in figure 1. Traditional techniques for 

transient examination of pipeline prepare square measure 

unremarkably connected to find the numerical arrangement of 

the 2 halfway differential conditions which are unpredictable. 

 

 
     

Figure 1: General air distribution network 

 The target of this examination is the execution of a 

compressed air dispersion pipeline organize test system to 

assess distinctive activity scenes, considering the recently 

referenced highlights for such sort of systems. Having a 

proficient test system is extremely valuable to secure a more 

profound learning of the system yet in addition to test 

conceivable future management methodologies[2]. Here, 2 

numerical plans were created to include the efficient models 

got from the primary one supported the quality activity 

conditions. These calculations join to an agreeable 

arrangement even on account of keeping up the tendency term 

in the conditions. 

 

II. GENERALIZED PREDICTIVE CONTROL 

(GPC) 

 

 Current self-tuning calculations need strength to earlier 

decisions of either dead-time or model request. An novel 

strategy - generalized predictive control or GPC is created 

which is appeared by simulation studies concentrates to be 

better than acknowledged strategies, for example, summed up 

least change and shaft position. This retreating skyline 

technique relies upon anticipating the plant's yield more than a 

few stages dependent on suppositions about future control 

activities. One supposition  that there is a" control  horizon" 

past which all control increases become zero is appeared to be 

helpful both as far as heartiness and for giving disentangled 

estimations. It is equipped for stable management of 

procedures using variable parameters, with variable dead - 

time, and with a model, order that changes promptly provided 

that the data/yield information are adequately wealthy to 

allow smart plant identifying proof. it's powerful with a plant 

that is at a similar time non-least stage and open-circle 

unsteady and whose model is overparameterized by the 

estimation plot while not uncommon safety measures being 

taken. Thus itis fit to  applications, for example, the control of 

adaptable system. 
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Figure 2: General Predictive Control Scheme 

 

General Predictive Control generates a collection of control 

signals with future prediction  in every sampling interval, 

however solely the primary part of the management sequence 

is applied to the system input. The output of the system y is 

predicated on 2 completely different components:  

The predicted behaviour of the  free response represents the 

output y(t+j│t) and  the range from t+1 to t+N  based on the 

old outputs y(t-i│t) and inputs u(t-i│t), assuming a future 

control action of zero.  

The response  represents the extra part of the output y ensuing 

from the optimisation criterion[3]. the entire prediction is that 

the add of each the elements leading to a future error given by  

e(t+j│t)=w(t+j│t)-y(t+j│t)                       (1) 

With j investigation from one to N. Following this, future 

management signals square measure calculated to force the 

output the specified reference values. additionally to its 

well-known smart performance the lustiness properties makes 

General Predictive Control fascinating and realizable for a 

sensible management applications. For this General 

Predictive Control offers a compact control strategy in terms 

of model mismatches, variable dead time & disturbances. 

 

III.  METHODOLOGY 

 

The analysis of flows and pressure drops in piping systems is 

typically based mostly au fait the thought of steady state 

conditions[4][9]. The introduction of the conception of your 

time variable adds on a replacement dimension to the 

mathematical model of the transient flow during a pipe 

distribution system, and ends up in process issue. 

 GOVERNING EQUATIONS: The governing equations of 

the system are represented by two models 

           

 

Based on the above  these equations,  

    

 

 

 

Atypical branch of fluid network with transient flow are often 

painted as an [5]electrical circuit and be visualized in figure 3 

from which we can understand that  

;  

  
Using the nodal approach  

                       (3) 

     (4) 

 

Applying the transformation matrix theory, 

 

  
Substituting  

                                                   (6) 

            (7) 
When Eq.(6) and Eq.(7) are extended to open path and closed 

path, the relationship becomes 

                                                                     (8) 

                                                                             

(9) 

 
Model A 

 
Model B 

 
(2) 

 
(5) 
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AlsoV1o=Eo+e1o=C
b

oEb+e1o;                        (10)  

         V1c=Ec=Cc
b
;                                       (11)                                                                 

for an invariant pressure source Eb, we obtain the following 

set of equations. 

                                                                  (12) 
Expanding the Eq(8) and(9) and incorporating Eqs(12) , the 

results obtained are 

                                                         (13) 

                                                                   (14) 

                                                                                                      
                                                                                     

(15) 

Rearranging the above equation for Jo, the system becomes 

                                                                        (16) 
Equations (14) to (16) are  the governing equations for 

transient pipe flow system with a continuing pressure supply 

and that they are  a collection of first-order standard 

differential equations. Transient pipe flow drawback that is 

usually ruled by the set of 2 partial differential equations will 

currently be solved by a collection of first-order standard 

differential equations that is far easier to handle[6]. However, 

these equations can not be solved analytically as a result of the 

sophisticated relationships concerned within the network 

drawback. For a network with illustrious topology, tensors 

and inductance are freelance of your time and might be 

determined simply, whereas the precondition of admittance 

and capacitance are often calculated supported the results of 

steady state. 

 

IV. RESULTS AND DISCUSSIONS 

 

The modelling of the pipelines are simulated and studied on 

the basis of certain assumptions. Using MATLAB S 

functionsit is indeed easy to implement the pipelines. 

Generalized Predictive Controller is modelled based upon the 

z-transform. GPC is simulated for various types of systems 

keeping in mind the necessary requirements and assumptions 

for the modelling. The most common use of S-functions is to 

form custom Simulink blocks, but they're going to be used for 

a selection of applications[8].  and of practice S-functions is 

that it's accomplishable to form a general purpose block 

which is able to be used repeatedly in an exceedingly very 

model, variable parameters with each instance of the block. 

Figure 4 shows a pipeline network modelled in Matlab. 

 

Figure 4:Pipeline network 

The S-function block implemented in the figure 4 has to be 

masked in order so as to make settings makeover for different 

systems for all instants. The mask has to be so provided that it 

can provide all the parameters required for simulation of the 

compressed air line. The parameters include the dimensions 

of the pipe, environmental factors, initial conditions 
necessary for the start condition and parameters of the fluid 

flowing inside the pipe. Figure 5 shows the necessary mask 

diagram 

 

 Figure 5: Mask created in MATLAB-Simulink 

For simulating GPC in MATLAB writing the code, it is 

necessary to have an equivalent z-transform representation for 

the system, control law and the prediction matrices. The 

concept of GPC is equivalent to DMC, there are some 

theoretical weakness which must be avoided and hence must 

be widely adopted and is 

successful. 
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Some assumptions are to be made before starting the 

simulations a shown below 

1.Unbiased prediction: 

                      (23) 

2. Use of unbiased cost: 

                                                                  (24) 
The Predictions might be made by presumptuous that every  

one inputs would be selected , that choosing a set of future 

inputs and guaranteeing that every one different values area 

unit acknowledged. In practice such values become fixed after 

nu steps. 

The  SISO system  

the numerator and denominator are given by  

 

a=[1  -1.2  0.32] 

 

b=[1, 0.3] 

The output of SISO system is shown in the Table 1. 

   Table 1: Output of SISO system 

 

The system is compared using set points, noise and the 

increments are  shown in figure 6. 

 

Figure 6: Comparison with GPC output and Set Point 

The inputs of the system  shown in figure 7and it shows the  

rise in the input arguments from the plot. 

 
  Figure 7: GPC-Inputs in loop 1          

Increments in the output can be clearly seen in the figure 8. 

The peaks values should be checked , For giving  different 

inputs  to the system.  

 

 
Figure 8: GPC-Increments in loop 1   

 

The system shows  noise less that is obvious from figure 9. 

Due to less noise  in the system, No noise has been introduced 

into the system, 

 

 
Figure 9: Disturbances in loop 1 

V.  CONCLUSION 

As a future study, the development of Kalman filter in order to 

detect the leakages in pipelines based on LabVIEW could be 

investigated. Also different types of controller could be 

developed such as DMC(Dynamic Matrix Control), 

OGPC(Optimal Generalized Predictive Controller). An ideal 

control may well be actualised with the purpose of reducing 

the expense of the distribution method within the system 

beneath sure operation 

conditions taking the 

discharge pressure at 

compressors. 

Pc 1.0000 -0.7322 0.3317 -0.0524 0.0000 

Nk 1.2412 -1.0621 0.2417   

Dk 0.2266     

Pr 0.4209 -0.1985 -0.1451   
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