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Influence of Inlet Boundary Conditions on Multi-blades Centrifugal Fan
to Unsteady Flow Simuation

by
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The flow simulation is effective and useful method for fan design and analysis. Though it is difficult
to use it for the sound source analysis. It needs a lot of simulation time and data to analyze the fluctuating
characteristics of whole fan flow. We proposed the one pitch unsteady simulation for the turbulent noise
characteristics of the multi-blades fan. It is used the circumferential variation to inlet boundary condition
that is obtained from the results of steady state analysis of fan. In this report, it was investigated the
influence of the inlet boundary condition of one pitch blade simulation on the unsteady flow
characteristics that the three types of inlet boundary conditions are examined, (1) constant inflow
velocity with time, (2) variation of inflow velocity with time but the constant velocity with
circumference and (3) variation of inflow velocity with time and circumference. It makes clear that
condition (1) is difficult to simulate the unsteady flow around blade, but the condition (2) and (3) is
almost same and simulate the unsteady flow well. The flow separation at the leading edge is occurred in
all conditions, but the flow after the separation is different in condition (1) compared to (2) and (3). The
pressure fluctuations on the blade surface in condition (2) and (3) is well indicated the characteristics of

the sound sources that the main location of the broad band noise is located to the end of scroll.
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Fig. 1 Schematics of test fan
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Fig.2 Characteristics of pressure coefficient with flow

coefficient

Velocity

Contour 2
2000e+001

I 180004001
1.8000+001
1.400+001
1.2000+001
1.000e+001
80006+000
600004000
4.0006+000
2.0006+000

0.0000+000
[ms*1]
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(a) Const inlet velocity
(Condition 1: Const.)

(b) Time variation
(Condition 2: Tvar)

(c) Time and position variation
(Condition 3: TPvar)

Fig. 6 Instantaneous velocity map at maximum inlet V; location 6=240 deg.
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Fig. 7 Instantaneous pressure map at maximum inlet V; location 6=240 deg.

bbb, vavazyr ok, WERBBRKEIPRAQDT
DFEEE R K E N2 DI, FHHE A EE 238 J5 I H>
ZR0EE, PBANOAERM CHBENAEL DS, K 3
DEIT, K77 NCBWTHLREETH D, 1EY
FIEEHIIaL—arThi<ELTVS.
6(DFEM 1 O—EFATIX, AJEmEMATHH S FEE
MBRAELTWD. ZOIMUNZ IEHEE D I X WE S 3 7
FELTWD. FEEEBIIEAER MO R R 6% F
TR, BRTEHEMNEORANELTWS. —F,
X 6(b) D5 2 ORFMELOEGA X, BT It A
EREAT D0, AEmEMETH COREELX 6(a) &
FLTH2D, TOHBENARMTIZER L TARELE
EY, BAEIZ@OEA LD RV, K6e@IZANE
FEMDGetE 3 O & JE Mo 52T 556 T
HoH0, ZoHEH X (),b) & EER A E &M ETRR D
LHEEN TN TS, BEb Y ok, Kb & FEE
C@EVREBEEELER->TWD. £, %I TIEHE
W iRt i>Tnb e, BRMEENSEELTH

Z. E®), © TIXFEAEENEFAAEIC L > TEAL
THZ LK L TEBT HARAREEN LI, i
DEF AT D.

M 7%, EANMORERETHD. X 7(a) TIIHAE
AT 2> & O FIBERAVIZE S RS, EHOERTE L
THREICENRTWS., —JF, EEmTIEAIL T
RERENDEERAZ OGNS, 3@V & HICEATRMIT
THBERAELTLTEBY, ZRICLHWOZEECS C)E
THEFRAHBND. 7272, K 7(b) (c) TIXIEEmE o
ENEENRKEL oTWDA, ZHITEFENE L
LHITRELENLTWDS., BEFZTOHBICLBIE
TR FIXEATR & T 2 LSz, SEELY
7 v DR E TR EATR CORBEIZREBRL TV D
LOLFRTEXS., k7, E— 2 MEERE LR
&, E1D 2 5L TER, AERE BIZENED)
PINENWZ ERbMND. 3500V FhoREes, i
DB =2 LTHEBE TS 0D, SAAICn< B
EWRRILTNS.



3-2 EREOENES
X 8 IXEELMMDESIZLEE D RMS 2R LTS, %
il D2 5L TR T BE kO E O F BTG
5. HOEBRBADGE—E (M 1:const), ROE
FROITRFRIZE LD A (Getf 2 - B RBILRMZE
flﬁ&ﬂﬁﬁwﬂﬁ% XE L7 b D (544 3:TPvar) Th
.M -EERELEZLOX, AEEMA (1~11)
®9%£¢%Hﬁ®Pmﬁ%ﬁkkbtk%&Eﬁﬁ
FRENTND. —FF, TOMIZE, [k, %EsL
Uftrﬁ{ﬁ'ﬁﬁ BWTENEBR 20 /NZ V. Hi
WO 6(a)F LUK 7@ b, Fff1
X, RAlE COX<BEILZE L TR Y RA LA g
MEDOEMEMBH -V ICHERICREREY—2 L LT
FELREHAH TS, EREREGZEELTWD
7201, FRLAMTITRWEEEB TR TR,
—J7, MABERZEALSETWDIMD 2 >DHE
(Tvar, TPvar)i%, BJLHH TIiX Pointl 75 Point5s &
TOEFIKAIE T, EEEMTIX Point 21 ~JA 1) THE
HEBHPKREL 2o TWVD. ZHIE, A< THE
ﬁ@ BEEHE HICEBHLTNDEZ LD, FHARM
Ga & e, Fifk CORIBENIER & & &I EH
%K%k#é:tf@:ofwéh@@%é.ﬁﬁﬁ
/7“1!:753‘&1/\*7%/5.\}:’7‘“%%0 FrGEeETIXIZEA LR
ﬁ&&oka,Fﬂﬁ@®ﬂﬁﬁ ST HEY
w%%& ERVWEEBEZOND. IR, 2T 7
TP ENR L L, 1y F oo E 5 HEEE /N

: Tvar),

: const DA

SV, 1 By TFORNLOEN/ NN &R
LTWAEEDbND. 3o0REBIC X6 THL
12,11
\
14
E]
. 21 lb/(
07
1 ) 5
Wy 3
40
e TPvar  ¢=0.124
— 30 —Tvar  220.06m
[a) e CONSt
a
S
.
5
el
£ 10
0 1 1 1 1 1 1 1 1 1 1

1 3 5 7 9 11 13 15 17 19 21

Position

Fig. 8 RMS of pressure fluctuations on blade
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