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Abstract - Surge is one of the two destructive 
factors in compressors. surge is the stream 
instability phenomenon in compressor that 
imposes severe damages to the compressors. 
Nowadays, suppressingsurge phenomenon is one of 
the most important issues in oil and gas industries, 
especially when flow reduction or gas reflux is 
considered. According to Moore-Greitzer 
compressor model, this paper designs an active 
controller for surge control in constant speed 
centrifugal compressors. As such, the applied 
operator considered for surge control is Close 
Couple Valve (CCV) and it is designed to stabilize 
a centrifugal compressor system with disturbaces 
using nonlinear predictive controller. The 
proposed controller, without any information 
about the amount of Throttle Valve variations, 
could control the surge instability and reduce the 
distance between compressor operation point and 
the surge line. Finally, the compressor system with 
controller is simulated and the obtained results 
will show the efficiency of the designed nonlinear 
predictive controller.  
 
Keywords: Surge, centrifugal compressors, CCV, 
active control, nonlinear predictive contro. 

 
l. Introduction  
Stodulla and Kirton were researchers who described 
surge phenomenon in 1927 and 1937, respectively. In 
1946, it was observed that a duct connected to a 
compressor in downstream allowed the compressor to 
surge.  

All the studies up to now on surge phenomenon 
have been conducted according to the fact that surge 
is a sinusoidal and time-dependent phenomenon that 
has a close relationship with Helmholtz frequency. In 
most works on surge, the flow is assumed to be 
uncompressible. It wasn’t until early 90s that the 
signs of compressibility were also studied. In most 
works conducted in this field, it is assumed that the 
flow is unidimensional. In last years, there have been 

some studies on non-linear control for a two 
dimensional, compressible flow [1,2]. 
Surge is still a vague and unknown phenomenon that 
can induct mechanical or thermal stress in a system 
and cause great damages. This kind of aerodynamic 
instability educes the pressure on the compressor 
ends, and thus decreases the total efficiency of the 
system [3]. 
Surge phenomenon can be suppressed by running the 
system in a far point from the surge line. On the other 
hand, given the high ratio of pressure to efficiency 
near the surge line, it is better to operate the 
compressor as near as possible to the surge line. 
According to the abovementioned points, there are 
three viewpoints regarding surge control that are:  

• Avoidance of surge  
• Revealing the surge region and avoiding it  
• Transferring the surge margin  

The first viewpoint has been used in industry and 
business for a very long time. In this viewpoint, the 
control system does not allow the compressor to 
operate at the left side of the surge line because in the 
compressor specification curve the surge line is not 
specified clearly and definitely. Therefore, a zone 
must be introduced at the right side of the surge line 
as surge zone or margin in order for the control 
system to prevent the system from operating in those 
points.  

In the second viewpoint, a special sensor reveals 
the beginning of the instabilities. This sensor is 
sensitive to inlet or outlet temperature and pressure. 
The measured data are compared to the reference 
values (related to surge), that exist in the computer 
system. This way, if the data shows a surge, then the 
control system is activated. The advantage of these 
control systems over the first type is that there exists 
no longer a surge zone, thus it is possible to reach a 
higher pressure difference (differential pressure) and 
a greater efficiency. A defect in this control system is 
the need for a high controlling force and its operation 
in a short time interval in order to prevent the 
instabilities from growing. Another defect in this 
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system is its severe dependence on the controlled 
compressor. Since various compressors, when 
instability emerges, show different behaviors, so the 
mentioned control system application is limited to 
only the existing compressor.  

In the third viewpoint on surge control, surge 
margin is transferred in order to reach a higher 
performance. This viewpoint is divided into two 
classes: inactive (passive) control and active control 
[4]. In both systems, active or passive control 
systems, the compressor specification curve is 
adjusted by transferring the surge line into a lower 
mass flow (to the left side). Transferring the surge 
line transfers the surge avoidance line too. In other 
words, a part of the compressor's instable 
performance zone is introduced into the stable zone. 
The advantage if this system and controlling 
viewpoint is that the performance point can be as 
close as possible to the maximum pressure and 
efficiency.  

Surge and rotating stall phenomena are two 
dynamic instabilities that occur in both axial and 
centrifugal compressors. There are different ways to 
remove the surge limitation in compressor systems 
using mathematical and aerodynamic fluid instability 
models, obtained in [5-22]. In surge avoidance 
method, we select the surge control line and design a 
controller to prevent the system from entering the 
instable zone. This method has a wide application in 
industry. The active surge control method, presented 
by Epstein [5] and addresses the surge stability issue, 
doesn’t have a significant application in industry, and 
there are only a few works with different control 
methods and different operators [6, 7]. In [8], using a 
piston and LQR a controller is presented for surge 
control. Paper [9] provides a model of the compressor 
with a surge avoidance system including flow return 
valves, and designs a PI controller for it.  

A high variety of operators has been presented by 
designers in order to control surge, including Inlet 
Guide Vanes (IGV) [10], Throttle Control Valve 
(TCV) [11, 12], and Close Couple Valve (CCV) or 
Anti-Surge Valve[13]. Also in [14] a combination of 
inlet valves and TCV is presented for surge control. In 
addition to the operators, there are different control 
methods for surge suppression, summarized as 
follows. Several adaptive and passive controllers 
using CCV operators have been suggested in [13]. 
Also continue to investigate the compressor control 
by increasing the complexities of non-disturbance 
surge control, constant disturbance surge control, 
time-variable disturbance surge control, non-
disturbance stall and surge control. In [15], using 
CCV operator and a second order sliding mode 
method, and has presented some controller based on 
active control just by measuring air flow. Paper [16] 
has provided two methods from robust feedback 

control for stabilizing surge phenomenon in 
compressor. In [17] a predictive model controller has 
been designed for surge control in centrifugal 
compressors. The applied MPC uses the least squares 
method to increase the compressor efficiency.  

A high gain, adaptive controller for surge 
suppression in centrifugal compressors with a inlet 
duct and a TCV operator has been suggested by[18]. 
In [19], by controlling the valves (control valves) 
around the operating zone if a closed system, the 
authors has designed a new, positive feedback 
controller using pole-place method in order to control 
surge. A centrifugal compressor with constant speed 
and CCV and TCV valves has been studied in [20], 
where some controllers has been designed for it using 
Fuzzy, Anti-Windup PID, Gain Scheduling PID, 
Sliding Mode and Back-stepping methods. Thesis 
[21] seeks that how can the compressor performance 
be controlled with several compressors connected in 
series and parallels. In order to solve this problem the 
predictive controller has been used. To find an 
optimum control in a predictive controller Quadric 
Programming is used. The compressor model applied 
for designing the controller was linear and uncertainty 
and disturbance weren’t considered. The focus of [22] 
is on surge control using active control. The model 
used for the compressor system is Greitzer model, in 
which the system is stabilized using the positive 
feedback [19] and linear predictive controller. As 
such, after discussing robustness and disturbanceand 
noise avoidance, a combined predictive controller is 
presented that is more robustness than linear 
predictive controller to uncertainty, disturbance and 
noise. This work investigated on the active surge 
control problem considering a CCV as actuator. It is 
mainly focused on using Nonlinear Model Predictive 
Control (NMPC), as a setup for controlling each 
compressor to a fixed operating point on the 
characteristic with relation to mass flow and pressure. 
In surge avoidance method, selecting the technique 
and the controlling tools, as well as determining an 
appropriate margin between the control line and surge 
line, is of utmost importance because the stable 
operation of compressor in optimum operation zone is 
the most desirable target of these systems. Most of the 
previous works have focused on compressor stability 
and preventing the compressor from entering the 
instability area, thus, in order to have a stable 
performance, they should be at a distance from the 
surge line which decreases efficiency.  

The paper is structured as follows. In section 2 is 
recalled the model of Moore and Greitzer. In section 3 
is designed surge control using nonlinear model 
predictive control. The results of some computer 
simulations are discussed in section 4, and some 
concluding remarks are presented in the final section 5. 
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1. Compression system 
The compressor model is given by [2]: 

                                        (1) 

     

      
Where,  is dimensionless pressure rise coefficient,  
is dimensionless flowcoefficient,  is the square of the 
rotating stall amplitude and  is 
dimensionless time, of which  is rotor tangential 
speed and  is the average radius of compressor. ,  
and  are constant numbers. The parameter  is 
defined as: 

                                                    (2) 

Here, a is local velocity of sound,  is , the volume of 
air collector, is compressor flow area and is the 
effective length of compressor pipe. is the cubic 
characteristic of Moore and Greitzer (1986), which is 
defined in (3): 

         (3) 
 ,  and  are applicable constant numbers.  is 

throttle valve characteristics which is defined as: 
                                                (4) 

In the case of pure surge, that is when , the model 
reduces to: 

                                         (5) 
) 

As in all types of physical systems, disturbances will 
occur in the compression system. This paper is 
complicated the model by assuming the possible 
presence of pressure and flow disturbances: 

                             (6) 

  
Figure 1 is the diagram of compression system with 
CCV. The CCV actuator is located close to the 
compressor outlet duct and causes the additional 
adjustable pressure drop 

 
Figure 1. Diagram of compression system with CCV [23]. 

 
The system’s state space model is formulated as: 

                          (7) 

  

Taking  as system control quantity, it is 
obtained: 

                             (8) 

  
Surge is simulated by decreasing the throttle gain 
beyond the surge limit corresponding to a throttle gain 
of 0.616. When the operating point crosses the surge 
line, limit cycle fluctuations are observed, as shown in 
Figure 2. 
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Figure 2. Surge simulation. 

 
2. Surge Controller 
In this section, we design the nonlinear predictive 
controller for surge control in compressors. In this 
line, we first define the controller inputs and outputs, 
as it is shown in Figure 3, where pressure and flow 
are defined as the controller inputs, and the output is 
CCV opening. 
 

Model Predictive Surge 
Avoidance Controller 

Pressure 

Mass Flow 

Reference Values 

Valve Opening 

 
Figure 3. Inputs and output of NMPC. 

 
Next, the cost function is selected as follows in order 
to optimize the system. 

                                                                           (9) 
Where 

                                         (10) 
Although, it should be noted that, the controller 
output is CCV. So, the first limitation is defined as 
follows.  

                                                         (11) 
The amounts of flow and pressure, which are the 
system modes, have also some limitations, which are 
selected so that the system cannot enter the surge 
zone. 

                                    (12) 
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Ultimately, the optimization problem is defined as 
follows.  

                                             (13) 

 
3. Simulation 

After applying the controller to the compressor 
system, it has been simulated. Parameters are as 
follows [23]. 

          (14) 
In the first simulation, the values of  and equal 0 
and it is assumed that there is no disturbance on the 
system. As such, from the beginning to 130s the 
throttle valve portion is considered to be 0.65, in 
which system is located at the right side of the surge 
line. After that, this amount is decreased to 0.6 and 
the system enters an instable zone at the left side of 
the surge line. The flow and pressure of the 
compressor systemare shown in Figure4. The 
controller has managed to reach the system to its 
operational zone. Given the fact than the controlling 
signal should be between 0 and 1, it can be seen that 
this limitation is observed strictly in nonlinear 
predictive controller, as it is shown in Figure 5.  
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Figure 4. Flow and Pressure of compressor. 
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Figure 5. Control signal. 

 
In the second simulation, it is assumed that the system 
contains some disturbances as follows.  

                         (15) 
  

Once again, the same strategy is used for simulation. 
It is observed that, despite the system disturbance, the 
controller can stabilize the system and draw it toward 
the right side of the surge line. Figure 6 show the 
equilibrium point of the compressor flow and 
pressure. In Figure 7, the direction of compressor 
system stabilization can be seen with the controller 
signal, which is between 0 and 1.  
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Figure 6. Flow and Pressure of compressor. 
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Figure 7. Control signal. 

 
4. Conclusions 
1. The predictive non-linear controller presented in 
this paper shows that the system stability, despite the 
existence of chaos in it, has been preserved 
completely. As such, the proposed controller, without 
any information about the amount of TCV variations, 
could control the surge instability and reduce the 
distance between compressor operation point and the 
surge line, thereby improve the compressor 
efficiency.  
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