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Tab.1 Main geometrical parameters of model stages
pom gy A H A H L3 00 [ U 14 13 N (1 7 55 R 5 /s B R 1 7 5 R 1 7 A 1 7
~ H&/mm FEBE/mm HMHMA/C) REB/A HRBE/mm BHE/mm  ZHM/C) MO MR/
Model 1 450 9 30.0 15 672 372 25.0 98.0 20
Model 2 450 13 45.0 17 690 354 30.0 90. 0 18
Model 3 450 25 44,4 17 688 360 36.0 90. 0 18
Model 4 450 35 50.0 17 714 372 35.0 98.0 20
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Tab. 2 Operational parameters of model stages after transformation of similarity
46 0 MR/ (r e min 1) Wit/ (kg s 1) Re/10°
HAE/mm Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4
350 15 969 14 986 15 017 16 894 0.520 1.030 2.090 4.155 1.13 1.54 2.95 4. 70
450 12 410 11 656 11 680 13 140 0.860 1.700 3.450 6.868 1. 46 1.98 3. 80 6.03
850 6 570 6171 6 182 6 956 3.070 6.070 12.300 24.500 2.76 3.74 7.20 11.40
1 200 4658 4 371 4 380 4927 6.120 12.090 24.530 48.840 3.90 5.28 10.13 16.10

2 BAEBLRL T ik

A SCffE ] NUMECA R H 3 1 43 Fine/
Turbo #FAT R H B DL, 11580 oR gt 8 A Ak Bk 3R
T = 4ETE T N-S 2. A bk A Spallart-
Allmaras J7 T2 i J B B, 25 8] 70048 — B R B 1
22 A% XU S T o AR I SGE L R T R
2 g% 22 AN 24 M i 18] 25 4 DA R 58 4 22 3 ) A%
A.

K NUMECA # {4 A 4 B 1IGG Xf i+ 5
SR AT B O 2 R Ak e B, B U T 0 3 B
o A% 1 R I 00 B S A T T TR AR 1
IR A S — R R 0,005 mm, B R 48 K
TR — 2 A YT NT 2. s T8 A
(R-S)fift FH Jil 1 < 1 789 372 42 180 3098 1% 38 >R F TR
B VTSI, I 6F 2 i 2g B b T R Y A
17 T35 S 0 m s , By 1k 3¢ 418 1 5 W As R 22 5



254 Ax # ¥ I X

S

¥ ¥ R % 55 %

1 A 1 BN B A DR 25 X T LT 4R U
AN RIS AU G, A 1] 5 5 o A5E R AR [m] 1 91 Fb 45 1
A A L R-S e ER i EAE MRt 1. 05% D, 1Y
IS DR S5 IR R b a7 T A% 445 4 %o 11 530 &5 2R
R AR

Bl THFEMNBTER

Fig. 1 Meridional view of grid

it FH T RR A Lk 1 R e A 1 [ RE L T
0 [ RE R FH 48 4R 0 B 1 i A L AR R
A A 45 5 B (293 KD L JEE (98 000 Pa) , 4l i)
WAV OSERERE. A To A2 3 000
UL B AR AT AR 22 T RER] 10 T R
PLUR S 25 F R B i iR 25 /N T 0. 5%, SR A
JE H AR A A s s, BRI A R 3530 8.

AL Model 3 M4, 548 H 0 H AR D, =
850 mm MY R R GLHEAT T AR T & 43 A, 115
GEALNPE 2 Fros. I 2 AT RLAE L 2 S T AL
KT 220X10" 7, 2R g, S bR e 210
B, T DA R AR S8 3] T IE e S T AT
SRR ] S A AN [ R ST A 75D 2% 1 T A% 50K AR 45 1t

TRRLGE SRR AT IE 2 0 1
0.88 158
0871 — {157
0.86 — 1156
0.85} 1155
o 0.84r1 S ———o——o 41.54
<osml {153 °
0.82r ——1, 11.52
0.81F —e—e 11.51
080b——— . Iy5p
0 50 100 150 200 250 300 350 400 450
n/0*

B2 BTk MR
Fig. 2 Verification of grid independence
3 AR S S
3.1 BT B A B AUUR V55 U
R T PEA B AL 0% AT S R R A B L A S
B 4% Model 2(D, =450 mm) 1 Model 3(D, =

850 mm) WANBEHI 2 (T S SE R E HEAT LK.
] 3Ca) < (b) 43 ) 8 s 19 02 PR A AR 9 1) 22 78 300 %R
FRE K Z BRI B R AL (p) AR Al 22,y (BT AT LA
B BR T B /N A R R R T A Ak s Model 2 /Y
ZAEPCRIEE Sk RBBE ¢, 1B fL RS S AEY)
AR BN R B $ =0. 024 AT IR 45
AR T R4 WL B & A iR )RR AE I S
U5 25 JL 1) 2 W R 4 LA Wi R A9 AR R L R R I O
T 2B B R . Model 3 5 Model 2 #HL, %11
FUBHE A S S AE ) G ARG (B4R B Y
Wity I a5, 11 BH 2 55 7 X6 07 A9 9 B 2R K05 S 00 B AH b
PR, IEANSCHRCL7 T B ds s B IR R L 3 25 i 1 T
B S i A R AR B AE A L REIR/N i  T
HITIEE) DU SR R\ W ) Ao £ 7 O 7= D 5. i 1 Rl
FEH TN KRG , 1A 5% 25 3K AR 3C i 4 A BH
FE T OUAAE R S8R5, i LA AT SR 3R 2 &

T
1.0
0.9r
08fF ~ ==
0.7}
. 06F
s 0.5r R TAf
04k = SEIESE (Model 2)
: —— i+ H{AModel 2)
0.3r ; SEB i (Model 3)
0.2+ —— 1 H{AModel 3)
01 L L 1 1 L L L
0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
b4
(a) ZAMFEMLE
0.9 = SCI{E(Model 2)
0.8f —— it HfEModel 2)
| SEI{E (Model 3)
0.7 ——tEfEModel 3)
0.6F
[
0.5F
041
0.3

0.2 1 1 1 1 1 1 1
0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
¢

(b) i3k 2 Koiih £&
/43 Model 2.3 it (5 5 52518 th 42
Fig. 3 Comparison of calculated value with

measurements for Model 2, 3

254 Model 2 F1 Model 3 T8 4558, 7] LA
Ao < 7 220 % 4 1) 2 e )R T L A5 S
(AR L L B T 00 B 20 9 4> 652 280 20 SF 35 7Y 22 728 34
FFRE Sk & K A XF R 22 23 29 S 5. 004 Al



55 3 14 X

% BOREFEINER R % BT R wm BET R 255

1. 8% . HZ B3R MRE Sk REM AR S 5w
HW) A 54 B TR0 AT SRR {5 19, ok J5 2kt
FARHE T S
3.2 BRI RGP s B ah R
3.2.1 Ashpkaerbir bR I ofEAR B ) R AT
R4 /R 46 T B AR Dy 40 oh 350,
450,850.1 200 mm. & 4~7 43 5] /R 1Y /& Model
L~ 4 AN [R) RS B 9% 22 A8 34 2R L RE Sk 32 Bl £&.
B 4~7 ATLLVE 2R 1 SRR S 2 A8 30
RME AR LA, B W B R K L R AN (] 1
ANTF] B8 Sk Z O T 22748 R B e RS £ TR A B
A — S L R A5, 5 A T T A
RT3

K8 45 T Model 1~4 ¥t T80 5 i RS
RN T RGN AR B 2 AN [R) B RS 1 22 75 300K B8 R
Sk RZ%S D, =450 mm ARG ) HAE. R AT LA
B4 AR 2 ) 2 AR SR I BE 2 RT3 R
MR, 24 D, B 450 mm 3 K3 850 mm (L R Ky
1.89) Hf, Model 1 ~4 B ZAMEFAHIER T

0.85
0.80}
0.75}

< oss »/*‘,,___“\\\
0601 /) 350 mm

0.55 | ——D,=450 mm

0.50 D,=850 mm

| ——D,=1200 mm

045 y y
0.011 0.013 0.015 0.017 0.019
¢

(a) ZAERARM Lk

3.20% 1. 45% . 1. 18% F1 0. 60%. X4 D, H
450 mm¥ K F 1 200 mm (LR R 2. 67) B,
Model 1 ~4 B Z AR m T 5. 29%.
3.07%.2.33% M1 1.40%. 4 D, fy 450 mm /N
350 mm( LR K 0. 78) I, Model 1~4 i85 %
SR T 2.40% ,0. 84 % ,0. 13% F1 0. 35%. %}
THEL R R T Model 1(D, =350 mm) i 1%
Dt » JH A A5 80 2 o R~ ) 398 R I AT B AR 1k,

Al 8 ) I 1] LU Y, 76 AR SCAIF 2 1 3k i R
B B P i AR BB /N RS 4 R 22 A OR (1
S R B S X R R TN I R RO R R
T B — /N (b, /N ) S Bl R R A 2 1Y) 2 T
BOR, A SRR BE BEAR, BT LIRS 47805 Kbk
[N A AT

& 9 7R & Model 1~4 £ [ JLART AH Bl A5
Y 2 F5e K 2278 550 3R T 6t o ) 9 o AR B S R L A
B A5 3 = R AR AT 3. Ak 1R R
K« B R 22 A8 ORI K B K AE A ) i 1 186 K
(4 7 1) s B (FLIAE f 2R 500 B S K.

0.9
0.8
0.7t
- 06
0.5 —=—D,=350 mm
——D,=450 mm
04 D,=850 mm
——D,=1200 mm

0.3 : :
0.011 0.013 0.015 0.017 0.019
b

(b) HEk F Hih £k

B4 Model | FRRTHEAER S KK E L&Ak K R B &

Fig. 4 Polytropic efficiency and head coefficient curves of model stages with Model 1 at different sizes
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Fig. 5 Polytropic efficiency and head coefficient curves of model stages with Model 2 at different sizes
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Numerical study of scale effects on performance
of centrifugal compressor model stage

LIU Yan™', WANG Hai-lun', WANG Jian', WANG Xue-jun’, WANG Chuang-hua’

( 1. School of Energy and Power Engineering, Dalian University of Technology, Dalian 116024, China;
2. Shenyang Blower Works Group Corporation, Shenyang 110142, China )

Abstract: Four groups of centrifugal compressor model stages are chosen with flow coefficients of
0.015 0, 0.033 5, 0.068 0 and 0. 120 0. Scales of 0. 78, 1. 00, 1. 89 and 2. 67 are set. Numerical
methods are applied in order to investigate aerodynamic performance of each model stage. Meanwhile,
calculation results for two model stages with flow coefficients of 0. 033 5 and 0. 068 0 are compared
with experimental data, and the calculation accuracy is evaluated. Synthesizing calculation results of
these four groups of model stages, it can be found that aerodynamic performance of geometric
similarity enlarged model stages is improved due to the increase in Reynolds number and improvement
of flow in boundary layers. In contrast, the polytropic efficiency of geometric similarity shrunken
model stages declines due to the increase in thickness of boundary layers and in viscous loss caused by
the decrease of Reynolds number. However, head coefficients do not change much for these scaled
model stages. Within the range of flow coefficients studied, the smaller the flow coefficient is, the
more significant the scale effect on polytropic efficiency is. The flow coefficients corresponding to the
maximum polytropic efficiency make a shift to the direction of increase. The larger the scale is, the

larger the displacement is, but the shift is relatively small.

Key words: centrifugal compressor; model stage; scale effect; turbulent simulation; aerodynamic

performance



