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Abstract: A surge phenomenon cause noise and pulsations in a turbo compressor, which is an unstable
operating regime. Because surge protection ensures a safe compressor operation, it is important to understand
the physics of the surge phenomenon. In this study, the surge characteristics of a 250-hp class
turbo-compressor were evaluated experimentally. The experimental parameters were the rotational speed,
opening angles of the inlet guide vane and exit valve, and inlet pipe diameter and flow rates of the inlet
gases. The results showed that the compressor surge was very sensitive to the gas flow rates, exit pressure,
rotational speed, and bypass flow rates.
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Fig. 2 Signal acquisition diagram
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Table 1 Specifications of turbocharger

Bearing type Ball bearing

Displacement 1.8 ~ 3.0L

HP range 250 ~ 360 HP

Turbine housing Wastegated

Max efficiency 77%(120000RPM)

Max mass flow rate 0.26kg/s
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Table 2 Parameters used in the experiment

Parameter Range, Size Unit

rpm 60000 ~ 90000 RPM
1.G.V angle 90, 60, 30, 20 °(degree)

25(34mm)
80(89.1mm)

A i - —a— Case |
Ambient : 8 e Cased
179 Humidity : 60% —A— Casa 3

Pressure ratio

. . . . : . , . .
0.020 0.025 0.030 0.035 0.040 0.045
Corrected mass flow (kg/s)

Fig. 3 Experimental Reliability of performance
analysis of turbo-compressor
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Fig. 4 Variation of pressure ratio under surge
condition at 80000 rpm [Induction of deep
surge by exit valve closing 30°]
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Fig. 5 Pressure and mass flow rate patterns under
surge detection
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Fig. 6 Pressure and mass flow rate patterns under
surge detection (60000RPM)
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Fig. 7 Pressure and mass flow rate patterns under
surge detection (90000RPM)
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Fig. 8 Performance variation of compressor in terms
of open angle of .G.V(Inlet Guide Vane)
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Fig. 9 Comparison of pressure variation under
surge condition on angle variation of the
exit valve and the 1.G.V(Inlet Guide Vane)

of o] Atz MA G o] P}
*57] 3 HSFE 60000 rpm F-E] 90000 rpm
SIAIZL A AA el mE ShEh] BlE &
} 0.lbar, 0.15bar, 0.2bar, 0.3bar= 57|
7V e E 4EH W FE Hx
t}. 3 A4 60000 rpm ~ 80000 rpm 3
gol Wbyl A% ¢kkd WkE, 90000
ol JAe A= 3 ®isglel] fEo] 5
Fdgoz HYPsALE £ Aol
13171 93] 90000 rpm ©]&}2
A&7, 90000 rpm ©]4Fe] FFL a1

(

)
i
3

O
N
N

=

ot o]

flo o

]_
g]ﬂ

)

o N
-~

=
o H 3R 4
o

o
o2

> 18
o
-

He O rlo
©
ol
1o
ol
2
v

Mo o2 1 N3 =

7] B Agre] W Aqx] grEu] Wz A
v} WakalA selsty] 4 Fig 59 A%
45291 60000 rpm ol A1 o] relv] WES &

-

FUCH(Fig. 6). THOA Kol X5To] 457

o oo 2 18

o Ho o

ol

S oun Y 4EE gadel we ¢4
Fol gashs AL B 5 vk 4F7) HA4
b A% TR WH A ZEsh 400 B
Sol A RE AT LA AN BB Y
2wk 400 HRrel A heiEel wlg A7
A AL B 4 Ak o FRAE A% &4
gl ke gheul oMw gheu wo

Fig. 59 4571

S 5 o,
A MEe 44 9d gEEn 2 aeRy
o g WES S Qe AL B 5 9
B 2

33 9T oz e ZhEol me oreju| HE
Hu SHEolel % 24e daNE AR
QTHREY] T W8 2ol ofF o] o
W ol 1% £ &E Aloj7t o2 g
8% Hu gH/AE AT 4% 24e £
AR oA R = Aol sha Utk oY@ &
R AFEEE Fle] 9F Qo §F okl
2o A A 24 FA H9 fe] 240
Hhsetn ma X rke] W% Apsa B
AFNAE 4T R FF o] WE Y
H wE = 3 A %7 Agel
St A

AR, 60°, 30°, 20° &
v gAZ 457 A
p

7

= 60000 rpm, 70000
rpm, 80000 rpm, 90000 rpm O & W3I}A]7]HA
e s Y353

Fig. 8 947" bzl /i Zted e f3F
o] B2 wolFu Yt AwtHow AT %
Wslo] wel MEFow gtgo] FrkstE Aow
vebgew, olgldt AL g Tkl
glo] A% AFS Bdv

A9 A o izl A= 900, 6009 A
He I FEe FAR AP FUHES Bl
a8y i 4=



94 olgE -

Compressor outlet pressure
—=—25A (34.0mm) : Compressor inlet tube diameter
—&— 50A (60.5mm) : Compressor inlet tube diameter
—&— 80A (89.1mm) : Compressor inlet tube diameter

Ambient : 14C
1.7 4 Humidity : 60%

90000 RPM

Pressure ratio

60000 RPM

T T T T T T T r .
0.020 0.025 0.030 0.035 0.040
Corrected mass flow (kg/s)
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Fig. 11 Effect of inlet tube diameter on compressor
surge (25A, 34.0mm)
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Fig. 12 Effect of inlet tube diameter on compressor
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Fig. 13 Effect of inlet tube diameter on compressor
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