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ABSTRACT

Generally the variable guide vane is used to secure the sufficient operating point in the off-design
condition. In this study the inlet guide vane, 1st and 2nd stators in a multi-stage axial compressor are
movable to obtain the operating range. So the effects of variable guide vane setting angle on the
performance of 2.5 stage axial compressor were investigated at 70 % and 90 % conditions of nominal
rotating speed in this paper. The steady-state and unsteady numerical analyses were conducted at each

operating condition. The performance map, lost efficiency and flow fields were compared.
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Fig. 1 Blade configurations at 70%, 90% and 100%
rpm.

Table 1. Setting angle at 50 % span.

IGV Stator 1 | Stator 2
100% RPM Ref. Ref. Ref.
90% RPM | Ref.-26° | Ref.-17° | Ref.-13°
70% RPM | Ref.-51° | Ref.-33° | Ref. -23°

*Ref. : 100% rpmoA19] setting angle
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Table 2. Grid number in the grid dependency check.
Case 1 Case 2 Case 3
1GV 589,779 589,779 | 1,151,127
Rotor 1 786,301 786,301 | 1,127,329
Stator 1 673,455 673,455 | 1,089,075
Rotor 2 819,553 819,553 | 1,170,117
Stator 2 762,831 762,831 | 1,007,331
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Fig. 2 Total pressure ratio according to the gird
number and y+.
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Fig. 3 Total-to—total efficiency according
number and y+.
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STATOR 1

ROTOR 2

Fig. 4 3-dimensional layout and gird on the blade
surface and hub in the VGV setting condition
for the 70% rpm.

STATOR 2

Fig. 5 3-dimensional layout and gird on the blade
surface and hub in the VGV setting condition
for the 90% rpm.

Table 3. Grid number in the numerical analysis for
VGV setting angle.

70% rpm 90% rpm
IGV 740,259 772,179
Rotor 1 710,381 710,381
Stator 1 762,147 808,203
Rotor 2 779,257 779,257
Stator 2 1,080,891 1,040,307
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Fig. 6 Total pressure ratio according to the VGV
setting angle and rotating speed.
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Fig. 7 Total-to-total efficiency according to the VGV
setting angle and rotating speed.
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Fig. 8 Total pressure ratio according to the numerical
analysis method in the VGV setting condition
for 70% and 90% rpm.
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Fig. 9 Total—to-total efficiency according to the numerical
analysis method in the VGV setting condition
for 70% and 90% rpm.
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Fig. 10 Lost efficiency at each domain according to
the VGV setting condition for 70% rpm.

W Steady, VGV, 90% rpm
0.12 O Steady, 90% rpm

e
=)
@

Lost efficiency
14
o
&

0.04

0.02

IGV IGV/RL R1 R1/S1 s1  S1/R2 R2 R2/s2 S2

Fig. 11 Lost efficiency at each domain according to
the VGV setting condition for 90% rpm.
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Fig. 12 Lost efficiency at each domain according to
the numerical analysis method n the VGV
setting condition for 70% rpm.
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Fig. 13 Lost efficiency at each domain according to
the numerical analysis method in the VGV
setting condition for 90% rpm.
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Fig. 14 Accumulated lost efficiency from inlet to outlet
according to the numerical analysis method in
the in the VGV setting condition for 70% rpm.
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Fig. 15 Accumulated lost efficiency from inlet to outlet
according to the numerical analysis method in
the in the VGV setting condition for 90% rpm.

Table 4. Lost efficiency according to the numerical
analysis method for VGV setting angle.

70% rpm 90% rpm

Steady |Unsteady| Steady |Unsteady

Passage | 0.43 0.49 0.16 0.19

Interface| 0.06 0 0.06 0
Sum 0.49 0.49 0.22 0.19
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Fig. 16 Entropy contour at 50 % span in the nominal

setting angle of VGV and 70% rpm by
steady state analysis.
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Fig. 17 Entropy contour at 50 % span in the nominal

sefting angle of VGV and 90% rmpm by
steady state analysis.
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Fig. 18 Entropy contour at 50 % span in the adjusted
sefting angle of VGV and 70% rmm by
steady state analysis.
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setting angle of VGV and 70% rpm by
unsteady state analysis.
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Fig. 20 Entropy contour at 50 % span in the adjusted

setting angle of VGV and 90% rmm by
steady state analysis.
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Fig. 21 Entropy contour at 50 % span in the adjusted
setting angle of VGV and 90% rmm by
unsteady state analysis.
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