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Performance Characteristics of Double-Inlet Centrifugal Blower
According to Inlet and Outlet Angles of an Impeller
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Abstract >> Effects of design variables on the performance of a double-inlet centrifugal blower have been analyzed
based on the three-dimensional flow analysis. Two design variables, blade inlet and outlet angles, are introduced
to enhance a blower performance. General analysis code, ANSYS-CFX13, is employed to analyze internal flow
and a blower performance. SST turbulence model is employed to estimate the eddy viscosity. Throughout the shape
optimization of an impeller at the design flow condition, the blower efficiency and pressure are successfully

increased by 4.7 and 1.02 percent compared to reference one. It is noted that separated flow observed near cut-off
region can be reduced by optimal design of blade angles, which results in stable flow pattern in the blade passage
and increase of a blower performance. The stable flow at the impeller also makes good effects at the outlet of

a volute casing.
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Fig. 1 Configuration of a double-inlet centrifugal blower
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Table 1 Design specifications of a reference blower

Name Value

Flow coefficient 0.243

Pressure coefficient 0.839
Efficiency, % 75

Rotational frequency of an impeller, rpm 1500
Inlet diameter of an impeller, mm 603
Outlet diameter of an impeller, mm 950
Number of blade, ea 11

Fig. 2 Reference blower and blower performance tester
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Fig. 3 Layout of a blower performance tester
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Fig. 4 Performance curve

AUEF7Y H5B1E 9Ptol HERY 45
7 e ABPAE A, AR $E7 48
A= KS B 65302] 7#2j0] uket st 0w, 74
%L Fig 3] hekieh. 1elAeh 2ol G
2 93t YRS GE shio] sk, HE o|
12m X7 oF 1082 stof Yulo] o7t 715
G Mok B2 2 1165me]
of, FERS o) galo] §4S ZHakk 45719
SRS Fig 4ol Lepdik

mrlrru

EEORE

o
o
s

193

Outlet =] |
: T hl

10D

Tnlet

Fig. 5 Computational domain

(a) casing

(b) impeller

Fig. 6 Computational grid

4] RANS (Reynolds Averaged Navier-Stocks) 74 4]
= A eR ojilsiskgle
O 2 XA (steady state) 4=
A skt GRS fEo whedd
off 83t A3

], Pressure based

fully coupled implicitsH

o]<%1 Hi(shear stress transport

model)V& AM-g-51%ch

22Z7] ALY ES] Al dl
AZA|2RE 212} Figs. S, 60 etk 34l

A25H8 A2z 20149 4



© 385 oA 2PRAS TeEson, 21 Y b 9% 7 FA WHoR B4 8 4 gk
£9] Zo|2 U AT ol ATk A4 ¥R B ¥(response surface method)' S E2J5}4]
A1 ANSYSAF] ICEM CFDE AHgste] 48 9 ch whgwle thawt o] 24 Al A gahect.
HgEe] sfoluels Zxp= Ak 44 3ol
M 2} o EAEE ARk Aol AAIsIgon)

f260+2ﬁjxj+2517 J+EZB7] LT (€)
j= j=1

2 Aol H8a AR oF 4508k kol
AR Ao RE HE Q7o 9 % AL
ZAL, Z70l 9FL 717t HEsidrt SR)Ee A7IA B n TLE|AL x= 282 o) Al A
AR E) 9 Yrgeiog Halsle, syt HEY e 2Eal AAMSE vehdoh 29k 1|
£ et Aot oo} Qe W) AAze) 4 A B A (regression analysis) & E5te]
tjzlel 9)x|of wle} A5EAJo] 243 Stage InterfaceS sl o, n|AgA49] ElgAd-S ANOVA(analysis of
i 454 H71E 93|41 Frozen Rotor Interface  variance)2} 29242 o]-83te 53T
£ 4gsigch AT 9 E7RE Ao Hue 4
ZH(no-slip) &71-& &-&3F%th 4.2 GHH=x
3.3 2X[sHM ElSM ZHE Fig. 7:& AAHSol gt A& vpepdlich A3
ATA R AAE JH PG Ve R dATE
A B AES glsted, 45 A ASRom, A= 98 deA=E0L B

o 23 245 Ans R84 gkt vlwste] Fig. 2 in Fig. )& AEskaloh Bl 22 2ol distod
40| Upehdich. Il AMa FAL Sajei 2 A 3] Ak S 240, 29°, 34° T1E|AL 35°, 40°,
T2 v} njEnl Al A AN ZizF el 45°= At v T e s A A MRS
2o 4% OMH 7 x} o] oA F Axeke ok 2= T8 I3 A BAGE ARALES S5kl A%
gk oJolo AEall) oo™, Z17o] AAIgk Table 20 vrEpdict

4. BAE|xat wy W A7) Hg Rl\
direction \
41 %Q’.’:‘Jx—'!if tgtg Fig. 7 Definition of design variables

} Table 2 Design space
2 dAolMe Y dAEETI dEy F4

. 3 N g 1 Variables Lower bound| Middle | Upper bound
Z! Z1& =2 0O]=] h O] A = }\ ZAH=LT7 7V7

“’] ﬁgl = O]—Oq T 7H‘/] E_‘Zﬂﬁ = OO]——Lﬁ = Inlet angle (B, deg. 24 29 34

9] AAHEo] H&F<4(objective function)o]l 1] 2] Outlet angle (B2), deg. 35 40 45

> BRes 9 AoluAets =83



o]_,_

5.1 Ao 25}

Fig. 8 523kl a-gof oist 33 vh-g
UERdTE Tl 7h2 9 Alzse 2 |
2=0] B1, RE 22 oJujshy, o] HgFo 7L &
el Bas UEhdth oM & 4= ql5kel A
A 2 Agho] A T3} ®S ol A &
ok e Bl, B29o] HAghe 242 29° 9l 38°9]
th. Table 33} o] 7] fHEE7] tH] &&2 of
4.7%, 2 oF 1.02% F= Uk 71+ A 248t
2] g2 Fig. 9] Hepdlth Fig. 102 24|

AR whg AHEE7] A EES HYERL: Fig
10(2)= Bl 49| avs F4sh7] flste] B2 40°
2 skl 371219] B19] Zme] tigt s SAS
Hjaek Avtolck. o Bl EAgEE o] S7F

o]

Efficiency 1%

Fig. 8 Response surface

Table 3 Results of shape optimization
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Performance Reference | Optimum Increment
model model
Efficiency, %. 78.35 83.12 4.77%
Pressure coefficient 0.839 0.862 1.02%
Torque, Nm. 474.9 459.6 1.03%
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