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Fig. 2.1 Schematic illustration of compression system

BA

P
C

C

P

1 2 N 1N

x

t

P

t
x x

C C

Fig. 2.2 Characteristic lines on x-t plane



- 11 -

C

PP VP ,

OP

T

CC Pm ,

2 ,2 ,, 22 PmLA 

TT Pm ,1 N+1

CCC mLA ,,

2L

1 ,1 ,, 11 PmLA 

1 N+1

1L

Fig. 2.3 Lumped model with acoustic model

0.0 0.5 1.0 1.5 2.0 2.5
132500

132600

132700

132800

132900

133000

133100

133200

133300

133400

133500

 

 

P P 
[P

a
]

t [s]

 L
2
=0.1m

)H72.7( 1295.0 zs

Fig. 2.4 Plenum pressure variation with   



- 12 -

3.45 3.46 3.47 3.48 3.49 3.50 3.51 3.52 3.53 3.54 3.55
132500

132600

132700

132800

132900

133000

133100

133200

133300

133400

133500
P P 

[P
a

]

m
C
 [kg/s]

 Performance curve
 Operating Points @ L

2
=0.1m

Fig. 2.5 Operating point oscillation on performance curve with   



- 13 -

Table 2.1 Compression system parameters 

Parameter Value Unit Parameter Value Unit

Compressor duct length  1  Plenum volume  0.5 

Throttle duct length  0.1   3.53 

Compressor duct area  0.01   0.025 

Throttle duct area  0.01  Speed of sound  340 
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Fig. 3.19 Surge point variation with   on performance curve
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Fig. 4.1   with   (Lumped + Acoustic)
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Abstract

To model a compression system with more integrity, pipeline dynamic 

model is applied to the compression system model. To combine the pipeline 

dynamic model and the compression system model, appropriate boundary 

conditions are selected on each end of connecting pipe with a compressor, 

plenum and a throttle valve. Simulation results illustrate the effect of the 

pipeline dynamic model on the stability of the compression system. The 

stability of the compression system has been investigated with the variation 

of the plenum pressure. If the plenum pressure diverges, the compression 

system is regarded as an unstable condition. If not, the compression system 

is in a stable condition. With respect to the variation of pipeline length, the 

stability of the compression system has been investigated. 

With specific length of  , the system could have extra stability. To 

find the reason of the extra stability, thorough parameter study has been 

accomplished for the compression system. The reason which explains the 
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extra stability can be described by the variation of mass flow rate at the 

junction of plenum and  . The oscillation of mass flow rate at the junction 

consists of two different components. One is from the system characteristic 

and the other is from acoustic characteristic. For the mass flow rate at the 

junction is produced by the superposition of flow rate from system 

characteristic and the one from acoustic characteristic. These two flow rates 

are superimposed to countervail or to add each other. With the 

countervailing interaction, the mass flow rate converges. The stability of the 

whole compression system also has a tendency of convergence. If not, it 

diverges and has a tendency of divergence. Consequently, the mass flow rate 

is remained in a motion of neutral oscillation. Also, the stability of the 

whole compression system is remained in a motion of neutral oscillation.  

Based on the extra stability, the surge point can be moved to the low mass 

flow rate range. As a result, the pipe length of   can be used as a 

stability parameter when the pipeline dynamic model is applied to the 

compression system model.

With a variation of length of  , the surge point predicted by the 

lumped model with acoustic model is located on the higher mass flow rate 

range compared with the one predicted by the lumped model. 

When the compression system is under deep surge condition, the 

increase of   reduces the system frequency and the acoustic frequency, 

simultaneously.

Keywords      : Pipeline dynamic model, Compression system model, 

                Stability, Surge
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