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ABSTRACT

In this study, the effects of inlet guide vane (IGV) angle variation on the performance and internal flow characteristics of
an industrial centrifugal compressor were investigated using steady-state CFD analysis. Numerical simulations were conducted
using ANSYS CFX for IGV angles of 0°, 20°, and 40°. The performance curves, component-wise entropy rise, and internal
flow fields at the best efficiency point (BEP) of each IGV angle were compared. As the IGV angle increased, the
circumferential component of absolute velocity at the impeller inlet increased, reducing the impeller work and shifting the
performance curves and BEP toward lower flow rates. At the BEP of the 40° case, the flow rate, total pressure ratio, and
efficiency decreased by 17.6%, 7.7%, and 1.8%, respectively, relative to the 0° case. Increasing the IGV angle promoted flow
separation and entropy generation within the IGV passage, particularly at 40°, and also increased the diffuser loss owing to
changes in the diffuser inlet flow condition. Although the impeller incidence angle at mid-span for the 40° case differed by
approximately 5° from those for the 0° and 20° cases, no distinct leading-edge recirculation was observed, and the overall
impeller entropy rise remained nearly unchanged. These results demonstrate a trade-off between shifting the performance curve

and BEP toward lower flow rates and the accompanying reductions in pressure ratio and efficiency.
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Fig. 4 Mesh configuration of the computational model

Table 1 Grid independence test results for the impeller and diffuser
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Table 2 Grid independence test results for the IGV
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Fig. 6 Pressure ratio curves at different IGV angles

(=P~

[

SHEFHIIHES =

& W29, 4=, 2026



CFD7[4t IGV Zt=0of 2

Normalized Efficiency

105%

=
= 100%
>
Q
c
Q
'S 95%
E
w
T 90%
N
E
5 85%
4
80%
70% 80% 90% 100% 110% 120%
Normalized m [%]
—8—0deg —+—20deg ——40deg
Fig. 7 Efficiency curves at different IGV angles
1.00
0.90
080
‘s 0.70
2
® 0.60
8
=050
&
E 0.40
& 0.30
Q.
? 020
0.10
0.00 —

-10 0 10 20 30 40 50 60 70
Velocity Circumferential in Stn Frame [m/s]

——0deg ——20deg ——40deg
Fig. 8 Spanwise distributions of circumferential absolute
velocity at the impeller inlet for different IGV angles

EG B8 THINE 10V 257k F74845% Haagol
WasHe P Hyon], ANALHBEP)O] AHF 9
o= oF5H 2 BAskih, olefat L 16V 24 W
a7} wees] LAHS olBAZIE Ak oket ¢k A
5 APl 33 dlue oulgd

upel by oA o] e ek %—_-11‘41%57} %7}—5—]\; 7
ﬁom] ek en, o]= IGVe] &Jsf £ f-50] 33 Weke
H3FE Ao},
ofof whzh e de] HEI|A W Alo] o3t oz dof ZF
sto] efu|7} WopAleh ERF 9 Adifsate) Hets
Ad3 Huagdo] AR PFeR o]Fant

_L b

KNy 2
2 8%

3.21GV Y xnsEH siM Zol Hlw
3.211GV ZEY M5 Hlw

Fig. 9= IGV 2= Huagdojae] 9 ¢ren|, &
&9 Wz E yepditt, 4= Huggo| yehtes f52
IGV Z}% 20°, 40 °of|A] 22} 0° tjv] 88.2 %, 82.4 %= |}

=2 297, 4=, 2026

|_

110%

100% &

Normalized Value [%]
o] [(e]
o o
X x

70%

0 20 40
IGV Angle [degree]

—8—-BEP MF —+—BEP Pt Ratio BEP Efficiency

Fig. 9 Variations in flow rate, pressure ratio, and efficiency
with IGV angle

Table 3 Component losses at the best efficiency point for
different IGV angles

IGV ZF e EAMES I/ (kg - K)]

A= | IGV &4 [ gde 24| gRA 24| Ax 24
0° 0.59 37.68 12.95 51.22
20° 0.72 37.75 14.18 52.65
40° 245 37.31 14.20 53.96

3.22 Y=7| 78248 &4 H|W

Table 32 IGV Z=d) WE HuaggHo|Ae 484
¥ £AS Uit 7t $ARe &7 dERue) g d
Ezue) Ao|z &AL AtslAon, WA 24 7 74
4 @A) o el 16V st F7ket) et
16V S U dEms} dedor ek 4%E By
om, 53] 40°0)4 & Toz Flek: AL B 4 ok

e} £ A9l vSEhA Uehte, OREA LA
IGV 20°, 40°9A F7lh= & &g 4= Qloh

e

3.2.3 1GV LR 8=
Fig, 1004 &Q1& 4= ¢lxo] IGV 40°

uhg) 7} BRAgste] alo] F7khe A
olgfgt Aik= IGV Zt= F7F7t %¢’<‘3]

A st OME} GV 22 q{Tq

EF H|w
o

U

Fig. 112 IGV &3} 0]%-9| ﬂEiﬂE e, 0 °of A

63



(c)

Fig. 10 Streamlines for IGV angles of (a) 0°, (b) 20°, and (c) 40°
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