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Performance Analysis of Three-Dimensional Transonic
Centrifugal Compressor Diffuser

Sang-Dug Kim, Dong-Joo Song
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ABSTRACT

CSCM upwind flux difference splitting compressible Navier-Stokes method has been used to predict the
transonic flows in a centrifugal compressor diffuser. The modified cyclic TDMA and the mass flux boundary
conditions were used as boundary conditions of the diffuser analysis. Broad flow separation on the suction
surface near the hub and shroud was observed from the results of the mass flow rates 5.8, 6.0 and 6.2kg/s
at 27000 rpm. The three-dimensional flow analysis predicted successfully that the static pressure increased
and the total pressure decreased through the flow passage of the channel diffuser when compared to
two-dimensional analysis due to the strong effect of the three-dimensional flow. The mass averaged loss
coefficients and pressure coefficients were also studied.

.M 2 FI94 FA%E TN 2o 4B &7
A AEg 5571 FA49a, 1 A9 Wd dFA ¢

dze =718 A8gsn = 4 vg e @ 7Y FES A W@ (fluctuation) T e EF
BRRL £5% S Q= TS AYYEIL o7y (mixing)ol EAPTL Baghdad®e FFHIF A AF
22 Q4957 Ay 279 §EAUAS Bokd AN FRIL olE AN wa 49F 4y, &
A Ro 524 gEIEe ot W oFAs  Fo EER FRA A% Hl@*&%%% FA A5
FRanY, el wel OEA Alole] Bae g2 dFA AA AFE 7AA gEve 48 o
Aoz oM, gHe =7 =Ry W g:gs  Morishita”E AA AR %% Agez 274
FATE #F SHE Be ATASo AgFexn, ol WUy Sduths vAY AL ol A7

ol8H oz FHYsA dArste] gtk o] gdde HE MY HFA dFEGY Edo] A dAUEY
Q= WA OFA £ B Faggoz “wne A& Z 9FS 7
of rapid adjustment”} #IQ T]FA B4 gL Cumpsty = #l OFA Aol Q= 2@ HW)E}%

=
kD
o
rlo
A
=
>
E

64 SHIANKME H2A, M1, PP.64~72, 1999(=2& 41 1999.1.18/1998 KHUIIMNAZNL LTS LH=R)



o

3Rt e

(hi}

I

2 A7 AE Lombard 579 CSCM(Conservative
Supra Characteristic Method) flux difference splitting
HHS 0183 bEAl Navier-Stokes ‘% Holl Baldwin-
Lomax HH#227g Agae] dgd ANg%7) o

FANS FEdy % Asdis 0}91
2. Xl wy
2.1. CSCM E&AH=HY

CSCM F 4R

AH AAY 2

el sle) A% ©
2 oA @ % otk (4) g7 ADIBHE AbER

solver® W& At &% Fo] 9}

B AP A] ARGk 3349, A, AA9H Navier-
Stokes HAAL onl 2w AT 2w B
Ik FAREE glolA] HHA 2 AE &

Jacobian #E A9

Ao xo
o T

0E = Adq

Iy 1l-a
= MTAT "M '4q / -
= MTAT '4¢g = MAdG  (]—¢

= MTAdq

A a4 L ~ e

A=TAT ", ¢ 9N W5 ¢g& 549
Folt), 2tz WsEel MBL 95 = M 'oa,
00 =T '55 olth. M WAFe § B g2 WEA
Azt T ' @E& QAMES EAQESRE wol
F= dFojth ATFE AHEat] LfiA Y HT
e AL B AL ok 2OURE FRHE

pt =t A —t ), A E =MD" T "As.q
25 1A ¢
D =+n- 4 AE =MID™ T ‘A aeq
2 | Al : ¢
(2)
2 @Q)elA BEET g & o83t TAYORA

FADIAKME H2H, H1=. 199

ANSET| LM 5T

Roed] BFE o= vepd 5 Slch
A ET = MID' T 'M a:q = ATagg
. B . 3
aE = MID T 'M o= A b
olAtshE FARHEHE ol83dle] dubAel UFEE
AYgsn, & 2WFOR symmetric Gauss-Seidel
e AREEb, e-del diafA UHZHZ“’ A% 3

A% TRAe] AgEE Fig 1o et 9
o 34 453 A9 Ao 190x80x0 1Y

xRz 4F m o*w Ae7iA %‘i—, 04‘3.3%
Fgeli A RRe dFHFoR F714A
Fz10] HE4HArh 047] A= Patankar$} Sparrow
“9] Cyclic TDMAE 9E#FAZ Hol &= TFA
FAA R B WA o Ee gedt g

7] AAWe] 7% gwE AW o8 dsd
o F)AAZAS AestE et g

B, C, 00 0 Acosf S a
Ay B, Gy 0 0 0 8 q
Cy—ycos6 0 0 0 Ay-1 By 6 qn-1
Fi - AdQy
Fy
FN*I - CN* IAQI
doy — 8o, cos 8 Son-1— Soy—1cos 8
— Spv, sind Svarlsinﬂ
4Q7= Souisin 6 , AQN-1= — Souy_15in 0
Sow; — dow, cos Spwy_ 1 — Spwy_1 cos d
de, — de, cos & Sey_1— Oey. 1 cos b

(5)

A Ao yAgHger Hogl& ez Newton FHEH
e

[}

g olg3d] 4 O Be FHAXAL VT A7}
A #F}

S6qk1 — da- )+ 2 dar— g3 H< 1071 ®)

65



{a) )]

Fig. 1 {a) The whole centrifugal compressor diffuser geometry
and (b) an enlarged view near the fralling edge
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Fig. 5 Velocity profiles at the inlet of the diffuser

Fig. 4 {a} Wall pressure and (b) skin friction distri-

bution comparison for an axisymmetric bump
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Fig. 6 Prassure coefficients distribution along the wall of the

diffuser at mass flow rate 8.2kg/s
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Fig. 7 Mass averaged static pressure distribution at mass
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Table 1 The test conditions of the diffuser

Inlet mass flow rates (kg/s)| 5.8 6.0 6.2
Inlet Mach No. 0971 0.966 0.963
Incidence (o) 317 1.8 091
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Table 2 The comparison of the mass averaged Cp at mass

flow rates (a) 58, (b) 6.0 and () 62 kg's

Cp Cp24 Cpdd Cp25

Exp. 0.268 0.5993 0.677

2-D 0.371 0.615 0.687

3D 0.25 0.539 0.542
(@) 5.8kg/s

Cp Cp24 Cpdb Cp25

Exp. 0.115 0.64 0.649

2-D 0.3 0.65 0.7

3-D 012 0.594 0.506
b) 8.0kg/s

Cp Cp24 Cpd5 Cp25

Exp. -0.072 0.674 0.617

2-D 0.24 0.65 0.68

3-D 0.018 0.619 0.47
(c) 62kgls

Table 3 The comparison of the mass averaged loss coefficients
(Lo) at mass flow rates (@) 58, (b) 6.0 and (c) 62kg/s

Cp Cp24 Cpds Cp25

Exp. -0072 0674 0617

2-D 0.24 0.65 068

3-D 0.018 0619 047
(c) 62kgls

Lc Le24 Ledd Lc25

Exp. 0.049 0.2266 0.249

2-D 0.114 0.022 0.129

3-D 0.208 0.214 0.324
(a) 58kag/s

Lc Lc24 Ledb Lc2s

Exp. 0.04 0.186 0.264

2-D 0.086 0.032 0.106

3-D 0.229 0.19 0.353
(b} 6.0kg/s

Le Le24 Ledd Lc25

Exp. 0.05 0.1516 0.286

2-D 0.066 0.043 0.096

3-D 0.252 0.197 0.3%
(c) 62 kgls
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