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On Validation to the Three-Dimensional Multigrid Calculations
of Rotating Impeller Flows in Centrifugal Compressors

K. H. Chang

Y. J. Moon

The three dimensional Navier-Stokes equations in rotational coordinate are solved using
a multigrid algorithm for the calculations of turbulent flows in centrifugal compressor
impellers. Some numerical studies are made in applying the multigrid algorithm for the
turbulent flow calculations with the standard k—¢ equations. The present method is used
to calculate the flow fields of Mizuki's B-type and Niigata Ms. 350 centrifugal compressor
impellers. Fast convergent steady-state solutions are carefully examined, comparing the
static pressure distributions along the impeller flow passage and also in the diffuser with
experimental data. Performance of a centrifugal compressor system is also numerically
validated by comparing the performances of the impeller and the diffuser individually.

Key Words: Multigrid 719, 87143,

1. M &

dutd oz u43A AdALFY] 9498 WY
32 dRAFS HHE A 5 534
2 FHFFE Aoz Qe B& At ALE
8334 Hu =3 SA/Ee dFAHT &Y
A= Fa8 59 dio HA "o

2 A3y d4gE7 998 3449 3d&F
5 dHE B £8402 3V 9% F£Y¢5L
%3 oz AARARAE ol &3 339 GF
& #4771yl multigrid 71HE H &3t o
7ol &4 2 dAANE AFSE FA
Mizuki B¥ 7} Niigata Ms. 350 9Alt=7] o«
8 2 WHe % 48 e uusd
2 Ao AL e= ..’&8“’471%'3-4 A4
2 AL A5 2E EHLeE @

A multigrid 71y AL A EF k—e GF

—

439 neldgn giaryd AT
2 R, nedstn 7 ATSH

A% EF7], 998, dFAF

BAANE AEE A £AAYH o2 Tl
g AgEe dEsdt

2. XIHHEEEA 3 £X MY
2.1 X|jarE Al
221918l€ Navier-Stokes X ujwt A& 2zt

T Q° JAREA(2]l2 A¥A7E oL
Zd.

30 | IE PXel
at Tt T a;; E at
aF 3G, | _

8}
o 71 A,



FE 2 71EE ol & ¥ YAUSI] 9P 32

#3M #1%. 1998. 10 $59 AN g AZ 31
o 0 [ 0
pu 0 ern + g_vr;a + Ezra
pv —-pgw P Zxrxy+ Cyryy+ {ztzy
Q=7 ow| H=J"' o G =7 ettt bt
e 0
0
0€E de ¢ 9¢
~Ivé-(a;” aE +a3z a”+033 ac)
0 @
0
B! S oln, JE& RTWUB| T2 Jacobiang heh
0 o, (u,v, w)e AAREE (o, 0, w)e Fd&
P—pe 2 T2 Z) o #AE 48 A7 2o
I C‘_Ii—P_ CZ_%
w=u, v=v—-0z, w=wt+tly ()
pU’
i ¥W GEHE ANL A% BE ke ¥
’E\zj—l pwU'+é:p , 7‘3’4[3]‘% }\}--g—ﬁl-ﬁg_ﬂ él (2)0“)‘.] Nka NE -1
eU’ +pU g3 g;v OST Za
pkU:
pEU Nk=ﬂ+_ﬂln Ne=ﬂ+ M
V. O 05
[ (4 — —
PuV"*‘f),p aii= in' vé}' (EI=E’ 52=7)953=§)
ooV '+ 0 4)
F=7" owV' +n.p |,
i i ¢F $5IUA 44E PE 4 9% 22
peV’ ] s s 3 3
. = Po Oui | 0u; D o OUp\| OU;i
oW P=Re 1["'( ox; T ax, 3% axk) %
ouW’' +¢.p 9 du
W'+ .l LA
© =1 | bur + 85 . 3P 5m, % ©)
eW' +pW
okW didAATE g2 2ol Ao HIYM.
L pEW
0 w _c B
Ext:z+ Eyryz+ Eztzx M= pc/l & Re (6)
£yt €Tyt £ty
E =]-l Exrxz+€ytyz+eztiz
h = A 1 24 M=
m m m 2.2 Zzto| okt R HAI=EA
N‘(an a€+alz aﬂ"l‘aw ag)
de, , O, dc A4 FA4 7123 FAAHGE o1 L3
LN‘("” g T gy T A az) 2, A8 G2 ER AFPNYES ol%
0 ] 8o} olAkslstd ohg 4 (NI Zo] REEH
el t DyTsx + 7,7,
e Dyl DT+ 0,7 40Q; _
F, =7 v,t:+ yiz;::-i- n,z'z o = ~J; ’,gm[(? ~-ReIE)A,
— P! T —Re Y EVA.— D1
N.(a2l_%+au_g_1;_+am%§_) +(F —-Re'F)A, +(G —Re™ ! G,)A,— D];
+ (H+H,); = RQ) )

o€ de )

i N;(am%? + azz"a_”’ + azg_a'f

—

q4714 Qe J @ eolx, A, A, A,

s

7_3‘



32 At3E,

3% LEFNE S EL P

A A wel BA gguHE dehiy 4 (7))
were Aol sgct
¥ Q7N ARSE T Y AHLE]
AR ugiEAe £l g7 wEe] du
Hoz %4 f51A YaFd HeHE 3
A%e oz b2 FHY FA=AE ARG
o & g@Y dTAMNE HA 25 2 A
gHe ARG £ 4P BE YT 4
¥ wANA FAL, EFINE DEs}
SRR fEL 4P HAS AAT

m%ﬂﬁﬁmt
g 1
1052 g H o 4
J&‘._a
m‘)l_o,;gl
4
=2 o
Jﬂmﬁ
£ o [0
i
o r
>
S

2.3 AJZHHE U Multigrid 7|

Azl W@ HRoze AW 49
Runge-Kutta 7] ¥[4]& A}&3tH o0, local time
stepping 7|3 implicit residual smoothing 7]
& A48l CFL 8 SAEZAA 8§38 At
£ stk W " e 33d dFREE
ALE7) A e 4D AT 2757
ol B dAFoMe FE/E33E Sdg ¥
F Je SHo e multigrid 71YE A &3

Multigrid Z]®¥ol@d ZUg AxA o
SHAE F 49 AN Aol JoIexE
47 AR $A THAY Jeloenz AN
A ¥ ol exE #Y AAFLEA $8L 7
&3 A7ln EF H2 BN AR 8-S
) Aoz A4 el ®e =g3tA
oq F£¥& 7tE5A 7= Wdolrt. Multigrid 713
[4,5]e= FAS(Full Approximation Storage) 7]
3} FMG(Full Mlutigrid) 7j®eo} gled & a4F
A= FMG NE7A AlL3sto ¢d Wy 3
A9 GRFES st By

Multigrid 7|%& 2te¥s] ARa ohgw 2
ot £ olastE AudAA (e BT I
Wz GehpE oen 23

42 _ p(g) @®)

(0) 2h Vian
= = 9
am =1y qn =22 Vo &)

o714 P* = restriction operatordt #31 VE
Az AAE ovjgtt
ojg} g wre
A Ha, =8 224

(107 2 QAL Agste AnARE A
s "ok

for=— 2R as) + Ry a5 (10)

metx 47 AAME thg3 2ol PR ¥
MzZol A{ld MEL IAgE iAo
Runge-Kutta 719§ o]&3l Azt HRelA =
=3

2 = a0 — a, 2t (Ry (a52) — fon)

o =qi — a, At (Ry (gt ™) — fn)  (11)

A restriction Aol M 4 A Yo
A E2sA HE tAl prolongation #A-&
539 22 Az FAAA € <of 3-8
9 multigrid 1ol AgETn #9 i &
74 A2 4h-Ede] ARA A € go] H
I wEAN o A o] prolongation Y&
E3te] @ @A 24U A2 SAAA o

as =@ + B e — el (12)

3714 2% = prolongation operatoro] 1 2 &3
qME 09 HAYE AMESAT ol 22
wgog 73 AT AXAA HIEe &g
2A "t

$H multigrid 718 HEA GFPAAA o
e T FUy F8F £33 A7 €
2 dFdMe gHAE ALsiI o W
& AR ol 4 AA Fada wy
HEA y+7b 5008 dAHD £F FXHo
2 oA EGAAE fEstEd aeA
k—e WAANL 71% 29 AR PR
ELZE sdn A7 FA #HdeME gA ¢ &
AAAG dEHoT BIEd Ags FTEE
B8 3, FEHF AT multigrid 71 &
A g8t

Dt g (L gk

3.84% % 2E

B d7oMe WA Mizuki[6-8] B-type 944
A7) dAe 33U FHFFEFLS ey
Booh O3 18 22wy oddy 4 o
N$4E ¥dFan Y 3 2= 12709 A7)
Bag Mizuki Q9o A4 HAL Jelyzn
qltl. o] ¥l 0.7mme I FTEAHH)
inducerE 7R 9lem, 6000 rpmz 3 W3},



BEIHE /IS ol £ AAUAE7] AP 32
=

$3E H18. 1998.10 &

o WA Aol e A2 33

E AFdA AN A$Y FFAFE 0=
049} 050|c}. 1) 32 ¥ AlAelA ALEH ¢
g2 & F29 AAE BgFa don AEd
ARSE T3I25x250\th Y 4= 0= 04 A
Lol ANE A ExE dEgs FRANA
BoF3 glen AAd 4dl= 1.040]
FH E dFoAN #HrM&EE A7I7l HE
o] &3 multigrid 7o d3E FES X4,
a9 s FFAF 0 =049 A$2 9937
A A9 vt FMG 4-3Y Az} (V-Cycle)
E AL H$d disld HTRFY FEAE
Bo F3 9l Table o)A ¥HE S+ ¢ AL
A+ BT 3P Ed multigrid 718& ALEE
o2y d=F 60% AE AA =L AP
Qe dAE & F AdY FFAFe
= 059 ZH$d M= g L3 A
AL £ Yo 2000 cyclewtol] 3 279
ozt @A A0S d& 5 Uk
& B AL Ao 84S vludtr] A8t

g r

o2
R

a 19y 63 TAAME FFASE O = 049 05
9] Zt Ag dslA 7] dEwst FddelA
9] At BXE zHy] 1/8, 4/8, 7/8 blade stream

surfacesoll A ¢} shroud@ollA AE XY vlx2d 2
Hg B F31 ded vudy dgXe T 4
Ashes 2HE A& F ANeH, £ 94 o
&7 AAZRA Ao dFF ups} ol g
3 ol diste JdHy EFF gl At
M F &g AL BoF3

= WA A dxes KISTROlAN 238§
Niigata MS. 350 4d<t&7] Jd8E 1749
dAE A e 3 AS 3000 rpme] o} E}

FBAT 0 =0253Q FSEAH fd&EE
109 m/solT}. I 8& ¥ g3 4 E A
F& BoF3 glon a9 9= B AdA A
49 ARZA 105*45721708] AAE AHE3G
I FMG 3-89& AMgsle Adsiad. o9
102 AAd 48 22X 3 ¢zds A
B33 glen 4Hul= digk L02ufeldt. &
H g 11L& OFA WelAe gEAs: REE
A9 v AHRE RFa glon, 1
1200 M= §2AF O = 02539149 gdz 2

FAHAM 2 A A5ATE Ao 9FS
249 dALE7Y He FAH vmsld B
sted, Zt a4 dHAASH 7 vmy AEXA
o} & A= 2HE BYFa ok

4. 2 E

E dFdA = FMG multigrid 71¥& 9A%
271 98y 334U GRAF ALl H gt
W 60% AMA W A F A& W
£ $PENE 2o FYo FH BF AN

AE bt c@RSE BTHE AF A9 vxa
£94 2 dHHL BAFE e 9L 4
gtk @AW T kA B AALRY) A3
dstst ANAFE WEE] BomH 2 AN
d3te ABAE AFT ¢ AN

= 7

2 47 A4 AYAEIAH(FHAW
& 971-1008-054-1)] AT o] ojste] =
PRI B =F9 HAAEL old FAIE =

Y},
2 N Ry |

{11 Chima, R.V,, 1991, "Viscous Three-Dimensional
Calculations of Transonic Fan Performance,”
NASA TM-103800.

[2] Arnone, A., 1994, "Viscous Analysis of Three
Dimensional Rotor Flow Using a Multigrid
Method," Journal of Turbomachinery, Vol. 114.
[3] Sondak, D.L., and Pletcher, R.H. 1995,
“Application of Wall Functions to Generalized
Nonorthogonal Curvilinear Coordinate Systems,"
AIAA Journal, Vol. 33, No. 1.

[4] Chima, R.V. and Turkel, E., 1987,
"Comparison of Three Explicit Multigrid Methods

for the Euler and Navier-Stokes Equations,"
NASA  Technical Memorandom 88878,
ICOMP-86-3.

[5] Farmer, J., Martinelli, L., and Jameson, A,
1994, "Fast Multigrid Method for Solving
Incompressible Hydrodynamic Problems with Free
Surface," AIAA Journal, Vol. 32, No. 6.

[6] Mizuki, S., Ariga, 1., and Watanabe, 1., 1974,
“Investigation Concerning the Blade Loading of
Centrifugal Impellers," ASME Paper 74-GT-143.
[7] Mizuki, S., Ariga, I, and Watanabe, 1., 1975,

"A Study on the Flow Mechanism within
Centrifugal Impeller Channels,” ASME Paper
75-GT-14.

[8] S. Mizuki, I. Ariga and I. Watenabe, 1980,
"Description of Compressor Geometries,” ASME
25th Gas Turbine Conference, March 9-13.

(9] Sei%, 1997, “AAAE7S 2 de UF
AelA F Wzl W& eI} {FESAHN B¢
AYA dF," ndga JATEHI A

=%

L L



34 A5, 29E FIHLRAZHIA

30 55

13 [
- II 9

-]

16 110393
15 1.0722
14 105379
13 1.04886
12 1.04279
1 103817
10 1.03322
1.02814
1.02355
1.01968
1.01624
1.01231
1.00805
1.00348
1.00008
0.884187

R448

D243.2 R&S
D209.5 D270

“aNBANDNDO

D157

»
;T INDUCER IMPELLER !

Fig. 4 Static Pressure contours
at Hub & pressure side

Fig. 1 Meridional Configuration of
Mizuki Impeller

A Single Grid
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Fig. 2 Mizuki Impeller Cycle

Fig. 5 Comparison of convergence histories
of mean flow

Table 1. Comparison of the convergence speed of
multigrid method (Pentium-pro)

..."4,2" )Z'l" Multigrid Cycle CPU time saved
'3;3;}:22"”'/ 10,00 scheme v thr) time(%)
F 5 Single Grid | 8000 7335 0.0

MG /
4-level Grid 3000 31.79 57.0

Fig. 3 3-D Mesh (73x25x25)
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Fig. 8 Meridional configuration of Niigata
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