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On Basic Characteristics of Cross-Flow Fan with High Aspect Ratio
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The authors investigate the simplest model of cross-flow fans, in order to provide the fundamental flow features of them. The

model is an approximately-two-dimensional cross-flow impeller with a very-high aspect ratio of 5.8 and without any casings, and

surrounding fluid is stationary. In some cases of the present experiments, the authors place a splitter plate with minimal influence

instead of casings for more precise observations. Instantaneous measurements of flow-velocity vectors on the mid-span plane are

conducted using a CCD camera and a double-pulse YAG laser with particle-image-velocimetry technique, in addition to conventional

flow visualisations and hot-wire-velocimetry measurements. As a result, the authors visualise the revolutional motion of such an

eccentric vortex as a large-scale re-circulating flow structure inside the cross-flow impeller, and reveal the details of flow at the

Reynolds number Re = 300-2500. The revolution speed is about 1/100 of impeller’s rotation speed. Furthermore, the authors show

the relations between Re and outflow rate from the impeller.

Key words : Cross-flow fan, Cross-flow impeller, Blower, Ventilator, Mixer

F—U—F:rux7u—77r, ERPURE, TrU—, HEE S

7 AR NHERPIIBREDOEAREIZ OV T

A i, O WS,

1. LI

BEIZ 1892 41213 Mortier 23 Bt (& 5V M, i)
PR H (cross-flow fan) (ZOWTHE L TEY, 20
A2 2 5 F T L OB I T E TP
REITLISHAENTH Y. LavL, ZERBMEN
7o, £ LT, fldkkx 728 E(fan) 23 BAFE 41T
W, EFRPREHE 20 iR E TIEH Y
W N L7gino itz B PARHOBHFE I 2 IRER)
TRERHA S D—DE, WERALO I kIZ LY, K
P2 FRERIEAVIEIE D E W “fROIR” %, Bck 23%
RL7eZeThs., BRPIREL, (Bl

*QGraduate School of Doshisha University, Kyoto

**Department of Mechanical Engineering, Doshisha University, Kyoto

Telephone: +81-774-65-6407, E-mail: tanoguch@mail.doshisha.ac.jp

***General Building Research Corporation of Japan, Osaka

(41)

7R IF NI E R — 72 IR ST D < TRV ([Elisih &
FRRE DR ID) N ERSHITEY D720, 1K
RRERE R EOBRAORAIZH D LT, =7
=T RTT AL EOREEIR E T I FE
R CBIEITASEHIN TN A.
FEHEOEFMICLY, 2 E TEL OEFPIR
HO FEBROMAT NS STV 5.
Murata® | %, BHIZREIE 7 — 3 o 7 (casing) & FERGME
FEEMEER AR 2 f5E L, HEFR{E D3 (blade) 21 2.7
EIREL A AT L7=. Porter and Markland® 1%, 24
PO HHWV)FHE & i, fiavo nIib 325k

Ikegami and



238

{77272, Lajos” 1%, HML L7-fftr£7 1 %42
FL7 AE BRSO, =7 o% 0 EE
& TFIREEDTIR OB AL U=, (LfE "91%, 1@
RO ERER I e 24T 72 o 7. FED 21X, KT
UV VAVIRMT & FEBR & DR AT iR o7z,
K« B Ok WiE, v N—EZHAV-HE)
T—RINET AT L& LT, WE Ot % ]
TE LT, VREF S O, —E OIS CRRE KL &
Wt HH - FAE T, BRGRE LA AR
BRI DI TE 24T o 72, RS P L EH
5N, PTV (ki -BBRE) 2 AW Citho ik
EAi7pod-. HY - ATE O EHHES i, L—
— Ky 77 —Jlz (LDV)IZ X 2 MIE % FE i L
T BES P, =y TORIRIREE T 7
O M7 EEERAE L2, RS 2 90, BRI
DI=OD Ay FRIZEHT 28 L WVERFHEL 12
EL7z. Leeetal™ b, BRFIKE L2 > TV 5.

KRS 20X, P—VBRICET 2 ERIIFTE AT
otz Kook, AR AN Uiz 22 ERDS
BRI RIT T BEFAE L. )05 0,

B R A B AT 2ot S
1, NG EBEERAEOWSTITIER LT, A7 —L
A MR L 7-. Lazzarotto et al.*® & Lazzaretto® 13,

PFUBH O 2 AR RN T CHIET D AR L,

Lazzaretto et al.* %, ZDIEUECIES & EREZIT2
of-. WWHEL X, FERae ST 7 o EEHEAL,

BREIRARIIE LT, G D 0 LBk s ¥iL, BRE
TUET VEREL, ZNAEHMER LT, Toffolo et
aliL, FALE h—EEEAL, JELS LG E
HIE L7, Tsaietal (X, X0 2hRAOZMEER SR
ERD -0, Wil E EEMRE A R LT,

FERTIN AT, A OEBAEMEHT(CFD) &34 B
TS, AR - 8F I, BANT T RIKCIC)
ERWT, AIRZESEFEMZ T/2o7. HH5 2
X, MR EAT D20 T VA BT —T T
EREHL, BESImEZITRo7- B I, CIC %
BERBEIFE (BEM) & LTV, AR e 1%, A
IR7E51E (FDM)T, {8 0 BERETE L ke ELITET Vv
% iV 7=, Cho and Moon®™ & Moon and Cho™® I,
T & FEOMRIIMZ T U F LRRE v F )

(42)

fi) A5 AL - BRI R - P B - = R

BRE T MAT TR A ST, i & ORItk
s LT, Toffolo™ %, THlk?® CFD =t— R%{#
ML, PURHEMERRIC T T — 2 o VTR D %
T @ED S 9 L Nakamura et al.’™® 1%, AL
HEORBELEZFA L, ANORNBRIC X 2 #2532
2. TNHD O L, RIFEOHIZETIL, BRI s=MNZEH
BE~DOICHICBIE LT, FERRENER ST
5.

UEDOZNETOMEDELL X, JEHOE S
5, BrE DM R or— 3 o 7 R 2 T BIRPIR LS
DOWTHRH LTS, 2D, £< OFIR/ T A
—APFEL, TS ORBREHLIREN & 785,
F o T, FE PR A TR ETT D 72D DRFENL > 72
FIETFHEN. ST, 2, UFo >0
HEAZET HND. (D)ELH & iAo REEC K 558
WIERIEE 218 5 i OEHES . Z 0 mUZBE IR
HORE Th - T, (KR LSRG - MBI T
SRV, QPURHEOMERRIZET 5% < OEIK
& B NT A—F DOIFE. Me—DpIsk & LT, [k
DWFFET VNS0, EFEPIREE D FAREE 2B 5 2>
2T D720, r— v 7 OV E TR (impeller)
ERRTWD., Tk, FED Y LFEBCT—
T DIRWNETIR A G, RN T AT R
DOPREDFEARFFHEE I SN LT,

AWFFECI, R EfGEER EE (PIV)Z HWV
A LT, bEMATN, 2FD, F—
VT DIRNBAZER] TR 5 IEF I m T A~
MR AT D ERIIREOE Y Ot g, FEBRIKIC
FET 5. Z OMBEIC K VIR T A —& Dz
5L, SBICTEL7ET Rtk amE<T5HZ &
T, KRN SG A MRS 5 Z L A WIfFLC
W5, ZZT, D ZIRITTHRER DT OIT, BAZE
MK & Zediti(end plate)Zi%lT 5. bHAA, 7
— T DIRWPIHRETS T T, EERE L L COR
BEZALRVWOIZAHTHS. LoL, mBWEREL
LG AETEY BTN RERBHRELZRHEE
L7z B PIR B O gk 5 F & 8 O 1R LT
L. FE, v 7L OIRRT A—F 0
FET A7, fERE LT, SEREHIBIR 3T £
— 2D BN FHNICRESNTE -



BT ARY N ICERIIRE O AL EIZOWT 239

r

2- %Eﬁ%ﬁ End p\lEte Rei:fymen; Reinforcement ~ End plate

Fig. 11X, #BRET NV, T72bH, r—2 70 4 — 2
HEOWETTPRETH 5. Fig. 2 13, PHRE D HE (blade) = 1 " Rotating shaft
DM Z/RT. Table 1 12, PURFHOR/ T X — ) Front view = Disection of
BaELDD.NFERTA—HOED LA I LR /((/’,(Z( £\ J{I7o N\ N
Re=uwc/v ETEFETDH. 22T, w TPHRED &\é Y\R ] Y \I ]
SR, ¢ YRR, vi i{mﬁméﬂ%ﬁff&;é E* VNQF T N )
Z OPURHLE, SO “RTHEE RO L S ICT << S yrEs 7Y

~7 peEELL, %@W%B@iﬁﬂ%%%%ﬁ“éf:&)

(ZEAT 7 VAR TEL N TV D, B R ITIR
RTA—=HIE, WIMEEE DD, = 0.76, T A< K
LDy = 5.8 (T AT Rt Lic = 40.6) TH 5.
Fig. 1 1O SO HEHEM1E, P& Dol 70 mm
ThO, IMRIE D, Wil 5 150 mm OALEIZER
BT 5, PR OES I 2mm TH 5.

@%%mmﬁ%mzznv%@,ﬁﬁozﬂﬁﬁ
HAULY B2, PURE A Sz D (Fig. 1
EHIR) . AW TIEHEIC z ORI BBIET 57
B, PURFOBIE S 7134 T ORIZ B CTREEHE D
0 Jm) Thb.

Fig. 312, EBREEEOWZEZ ~T. (FEhRA T2
KACTHD. PHRE (Fig. 3, No. 1) 1E, oDk
DFEVIEFEOERT 7 U AARORIZEE LTV
5. SR O—10OF T 1 m T, PHRHTAR—/1X
TV TR THFFSNTEY, S DsMillo 7
VXY TINH T T e B AT~V &
LTAC AT v B 7 —H— |t » CEREIT 5. Table 1. Parameter of an impeller.
PURFEOEESHEE n 1%, [F ChsMllo m— 2 ) —

(b) Right-side view on A-A section (c) Right-side view on B-B section

Fig. 1. Model: a two-dimensional cross-flow
impeller without any casings (unit: mm), together
with a coordinate system.

Fig. 2. Detail of impeller’s blades.
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Fig. 3. Experimental apparatus for flow
visualisation with PIV system. (1) Impeller,
(2) nozzle, (3) compressor, (4) atomiser, (5)
tracer tank, (6) YAG laser, (7) power supply,
(8) CCD camera and (9, 10) PC’s.
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Fig. 4. Revolution of the eccentric vortex visualised by
smoke (at z/L = 0 and Re = 500 (Re (D2) = 3500)). T'is
period of the revolution.
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Fig. 5. Simultaneously-detected flow-velocity
fluctuation by two HWV’s 1 and 2 (at #/D> = 0.7, zi/L
=0, z/L = 0.37 and Re = 1000 (Re(D2) = 7000)).
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Fig. 6. Cross-correlation coefficient Ri2 between
two HWV’s 1 and 2 (at /D = 0.7, zi/L = 0 and Re
=1000 (Re(D2) = 7000)).
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Fig. 7. Lower dominant frequency fevr related with
the eccentric-vortex revolution EVR by HWV
against impeller’s rotational speed n (at 7/D> = 0.51
and z/L = 0).
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Fig. 9. Maximum distance dmax between an impeller and
an inserted plate against Reynolds number Re.

A solid line represents such an empirical formula as
Omax/D2 = 1200Re™? + 0.05 (= 65Re(D2)* + 0.05).
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(a) Time-mean flow velocity distribution around an impeller by HIV
(The eccentric vortex is fixed by an inserted plate with &Z» = 0.05).
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Fig. 10. Wave forms with/without a plate inserted near
an impeller (at /D= 0.51, z/L = 0 and Re = 700
(Re(D2) =5000)).
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(b) Close-up view

Fig. 11. Visualised photograph (on left hand) and
flow-velocity vectors by PIV (on right hand) near an
impeller with an inserted plate (at z/L = 0 and Re =
1500 (Re(D2) = 11000) with &/D2 = 0.08).
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Fig. 12. Circumferential distributions of both
time-mean flow velocity [v|~ and turbulence intensity
[v|" on the outer periphery of an impeller with an
inserted plate by HWV (at #/D2= 0.51 and z/L = 0
with &/D>=0.05).
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Fig. 13. Flow-velocity vectors of outflow by both
PIV and HWV (at z/L = 0 with &/D>= 0.05).
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