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Abstract

A three dimensional compressible Navier-Stokes code is developed to analyze flowfields and
performance of a vaned diffuser in a centrifugal compressor. It employs scalar implicit approximate
factorization, finite volume formulation, second order upwind differencing and a two-equation q—w
turbulence model based on the integration to the wall. Pressure recovery and loss coefficients of a
vaned diffuser are evaluated using a developed computer code. The simulated three dimensional flows
show how through flow structure affects pressure recovery performance and loss coefficients of a vane
for design and off-design inlet flow angles. Development of complex three dimensional flow over the
inlet region and leading edge are very influential to the overall flow and performance.
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Fig. 5 Mach number distributions on the center
plane of the diffuser; for inlet flow angle
of (a) 50°, (b )60°, (c) 63°, (d) 70°.
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Fig. 7 Static pressure distributions on suction and
pressure sides of the blade for several
inlet flow angles.

oANA W& uwtd AASY A FHY ¥
A BE T & U, B3 Hdy fAiE wHE
= ARodME 27 21 3 Aoldie Fx
7 E2Mga & ¢ Aok o Hge A /F
Ztol A X} FEDo]l 50° AL HY
¢ ot FAE AAF 9 A5 9
A&, 70°Q0 Aol FY99 sHHANM fF e
7} dElEe AR ¥AE @Y + Aok
B Fig. 691A AL 60°% 63°clAM = w21
A FAME H AloloA 1B FEHAEE
Boli, oA wAY FRAME L &
&, 1 Ateldl e W g Kok ey
50°9} 70°)0 AgdE ohA BEAg EX g Holn
Ack AA Y@ dHEAY AL Ue
At 9FAANN A, A, %9 A7)
R e BEr dg Aot oriMe Ay
FFG=R AL AR el Y
I &9 A9 WAE FF € & den, o
Ha ARe gog Y UFAY Fxag
& AFEE AER R8Y 5 Uk

olwf wWde) EWolAM Ak EE& Fig 71

Vet 60°% 63°ME Yol &F 71X
guter gde Foka Hold, B3 M
e AMAT FUANAY HAGHA

1
1

\\\\\\(\\\ Wi
i
10\

a) a=B0 b o=t

Fig. 8 Streamlines over the center plane of the
diffuser; for inlet flow angle of (a) 50°,
(b) 60°, (c) 63°, (d) 70°.

0.02

001

Q.01

Fig. 9 Variations of the stagnation point on the
leading edge of the blade with inlet flow

angles.

9 EAF B & Aok FB FUWAAY
H24EA5E -10 B0 zor ZAHAN 95
g Tzt AstA ot {F Hst odE
A gpeth aEu 509k 70°) el 53 s0°
o A4 FARAAM gl FH3] Faw ¥
HEH7) ] Aed ek Hted /%9



LAY B7 % WA OFA HERE SARY 3 YWt 1306

10

o (deg)

Fig. 10 Variations of the incidence and deviation
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Fig. 11 Variations of pressure recovery components
of inlet, vaned and outlet regions with
inlet flow angles.
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Fig. 12 Wall limiting streamlines over the wall of
the diffuser; for inlet flow angle of (a)
50°, (b) 60° (c) 63°, (d) 70°.
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Fig. 13 Wall limiting streamlines over the wall of
the diffuser leading edge; (2) 50° (b) 60°
(c) 63°, (d) 70°.
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Fig. 14 Vane exit plane distributions of (a) pressure
loss coefficient, (b) pressure coefficient, (c)
Mach number and (d) projected velocity
vectors for inlet flow angle of 60°,

Fig. 15 Vane exit plane distributions of (a) pressure
loss coefficient, (b) pressure coefficient, (c)
Mach number and (d) projected velocity
vectors for inlet flow angle of 63°.
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Fig. 16 Vane exit plane distributions of (a) pressure
loss coefficient, (b) pressure coefficient,
(¢} Mach number and (d) projected velocity
vectors for inlet flow angle of 50°,
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Fig. 17 Vane exit plane distributions of (a) pressure
loss coefficient, (b) pressure coefficient,
(c) Mach number and (d) projected
velocity vectors for inlet flow angle of 70°.
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