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Table 2.1 Compression system parameters

Parameter Value | Unit Parameter Value| Unit
Compressor duct length L, |1 m |Plenum volume V,|0.5 m?
Throttle duct length L 0.1 m |my 3.53 |kg/s
Compressor duct area Ao 0.01 | m? |6m, 0.025 | kg/s
Throttle duct area A4, 0.01 | m? |Speed of sound a |340 |m/s

— 13 —



A3 EFAdY $9 A= doj(L) WSt AL A7

3.1 44 4H(rp) W3t

Table 2.18] 7] 23L& 7I€22 UHA 21L& BF T4 AH
AN L,Zo] W3] mE Z:W|d FH(ry) WMIE BEI BUH. L
%7] WstE Fig. 24004 #&F HE P90 ¥ F718 7|Fo® AR5
Aok olF T T A WA Lo Zole HTF71(0.12955) o &5
(340m/s)e] HLZ, o] °F 44m o HFHTE. Ly =44m A W] A[ZH
e P, 9 W3S A9 rd Fig. 31 3 2o ojule] 437 F3% &
g g AsE JoFH Ao E=AGH Fig. 32 ¢ Zoh A%
WElE Avrd, 27 279U L=01m ¥ W9 dAHL FAFEE
AT = e, P, AEY IFo] i FrlskdeS & & 5
Atk AT 27) =749 At F AFY AolE A F FE AN
ok olell L, Aol ¥3E BT A&t I Z2RE BaF Bdn. L,9
Zo] WE 11meARE F7F A4S APsdAh. 2 AFHE Fig. 33~
38% 2T L,=11md He] P, o Wsl Fig. 33 7 2T L, = 44m
d wotE T2 A Pprb AR WSt wet FHEE S A &+ A
Rt L,=22m 4 "ol Fig. 35 F o] L,=44md e} FAS 2
FE Bt vpgo® [,=33mY W= Fig. 3.7% #Zo|L,=11mu
S AR AFE BYS FU T AU LY Aolol Wt wie
B A7 ¢hE Alxd g Bl 7E ppo W7 53 2ol

AX +EAS RIS B T 5 A

i—

[

J U

_14_



3.2 Pp a3 4 4

A9 FH (POl Lo Wstel wE F4 gAY T
£ FAEE Fd Sk o2 o] T Ao 3] o A
A nFe) 2 2%, sEA4 249 Fd 442 Sddn #29 AAA
(Fig. 2391 19 AR)A 9 /3 o A
7V 3A devde L=11md W] dF AHAN ] FF e 4

g 3. o2 A3l AF AHAA FFEst

dol F-oxo] HA Ax=de] A L3 FHEHe 54S HolA

g9 o F gt o)lgE w2 L,=22m 9 A= Fig. 310 F 7
o] T AHAA F FFPo] A= HIAE FHE TFH HAJS &
A 2 =9 A5 FH

AL, P WstE V1E9 $H A% 54& FASA HJ L, =33m
d W m2,9 W= Fig 311% 23 A T 9AdL L, =11m
d e} 2o} L, =44md W9 m2, W3} Fig. 3129 23 A% W3
o] AL 1,=22mQ W&} 2o},

_15_



F ws 24

e
w
N
)

G AFE Fig. 239 18 ARAY FF WHE BT} A3
fas 27 fe) AW Ade £F Aol FFT /¥ Aesd
 24e WG AU 0% T Luste] mE AxY SHe 9@

Zos Mo} ofFae Exqo] @ Fus wstel s BEA By

Fo wgsh olFxg Faid waE WA UEd w1 2%
L=11m @ W F F35E 2A 90, ol F Ase] ¥} 42 @
A G & YU o2 A L=1md W b FH £ A

g2 € F AT

=

ol o
=a=1

-l {0

o
O

Hol

2

_16_



34 &5 AZd R4 A3

L,Zo] ¥l mE P, Wl S Bt AAs] #Z B9

L, Ao] W3t @& somE AR F7HHY AXLS IF st
L,Aste] m& P, W3l & AAZH AL W ks s P
3t Ajzkel B3] Fig. 3.16 & Zo] Y]
%~(Damping coefficient, 0)& .}

g7l S8 Ppo 7+ A3 HES A WA = Jor FAYs stu
olF B 2AYE W T T3 ZolY WHE AaY] Fuod
ojF 2y Fagrt At Aol L=11mE FAL3} U, olH
A= Fig. 3.17 & 2 Fig. 317904 Ro A= np¢}
= HEEE 2= o8 AY T F UG " 74 2

_17_



35 XA +F A9 ¥s}

7o) Wael wet eix
of Mol met NX FFFE W T 5 deL 44 T & AN
ool ZAs Fig. 3199 o] LWl W AX 4% Mo WsE
23 wokd T, Fig 320004 89 &+ e v

il <
A7k gd 5 Ad Zo] 29 4 € wie HEZ= Rdd fgI= mdd

rir
o
N
N
2
r O
2
ol
oX,
2
r
N
ol
ol
2
S
1o
Y

L

_18_



133500
133400
133300

133200
133100

133000

P,[Pa]

132900
132800
132700
132600

132500 L ! L | L 1 L 1 L
. 25

o
o
o1
=
o
I
o
N
=}

Fig. 3.1 Plenum pressure variation with Z, = 44m

133500

—— Performance curve
——— Operating Points @ L=44m
— Operating Points @ £,=0.1m

133400
133300

133200 —

133100

133000
132900

P,[Pa]

132800
132700
132600

135500 bt 00
3.45 3.46 3.47 3.48 3.49 350 3.51 352 3.53 3.54 355

m_. [kg/s]

Fig. 3.2 Operating point oscillation on performance curve with L, =44m

_19_



133500

— L,=11m

133400 £,=01m

133300

133200
133100

133000

P,[Pa]

132900
132800
132700
132600

132500 1 | 1 | 1 | 1 | 1

o
o
o
=
o
=
3
N
o
N
3

Fig. 3.3 Plenum pressure variation with Z, = 11m
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The effect of pipeline dynamics on

the stability of compression system

Seoul National University
School of Mechanical and Aerospace Engineering

Sangmin Yi

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 Z,, 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 Z,. 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 L, 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 Z,, 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 7, reduces the system frequency and the acoustic frequency,

simultaneously.

Keywords . Pipeline dynamic model, Compression system model,

Stability, Surge
Student Number : 2012-23180
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