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Study on EHD Fan with Two-dimensional Electrode System
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{Effect of Ionic-wind Type on Performance and Optimum Arrangement of Electrode)

S woM F R
Yoshiro TOCHITANI Hideharu MATSUOKA
Abstract

An EHD (Electro-hydrodynamics) fan is produced and tested, in which a thin metallic-wire is used as a
discharge electrode, and two plates as collecting electrode. The plates are partly the opposite members of a
rectangular duct, and each inside edge of the two plates is used as collecting electrode. The wire and the two
plate-edges are set parallel and at same intervals. The characteristics of the fan are experimentally made clear
under electrode arrangement at which the largest efficiency is obtained. As a result of experiment for selecting
effective kind of ionic wind among positive, negative and alternate ionic wind, positive one show maximum
efficiency, and mean velocity of each lonic wind is in proportion to square root of ion current. The positive one
is used to obtain the flow rate, total pressure, and efficiency of the fan. Maximum efficiency is obtained under
the condition that the distance between two electrode plates is 30 mm and the gap-length is 33.5 mm.

¥—7—F:!77Y, EHD, BRHhNFE, A+ VA, TurlE, KBEBREEH AT

Key Words : Fan, EHD, Electro-hydrodynamics, Ionic wind, Corona discharge, Solar distillation system

1. ¥ IORKEBE, [BFOFREEERY Yy v TEBE
ZEIMLTIOFREERESE, TORBERZZ14
KBREF AT LEEHELT 5200 F51EE LT, AEFENBERZFAL TV, §RTIE, WEERS
FTOHROE - WEBEBEBREMMLT 5 2 &%, BilERE LTéh aLIYEMELUTEEABHEONELT Y D%
L7 BEREBETUATLEHRL, Fr ) 7 EREERS AWT, JoFREEREIEL.
BRI ERENEZSNS. V9 iR VT, EKIEE ZoBHEOREZRELL, HIMBEEZ & < I HIEHE
ME<, RE EEIMBRENSWIOXS BH®RIC, B BRHEMTEZAHEMENHS. LAL, HNBED ERIE
KM NFNZREEBEONRAZREL, TOHMRIAY WMOPENIC TEET. CORERERTAEHEELT, 8
AFLOPERTEE BT, ERLOREN 2 ERYICH HWTHREREBOWAERICLDIMEBEREEH T, &
Bl ZOFEOREELTIE, BRIADSOIEIERD DAFISREN R DLEE T REKIHOBOHEmME, FHIHES
ATHD, HEEET LIRS, BREKBEROA BEERSEPKRET, BBIICCEMICRS. FHE, ¥
BEEMMENZ &0, METERPICRETEDZEEND FRSFOEM BT, K DETHRNWRTLEENEENS.
ToNns. BT, NEBOSH T2 72 ANME 0T HBEEZREITLOCHLERRESEL I
ARG CEMNTE, Basin BUKISBAREBITTINL 2 EH Robinson® b T B L DT, %%%%ﬂ#ﬁ@ﬁ&%*@f%
BN ELKDO—HERLT AL IBERIITESNTHS EHTES., ZOHA, aLIYBEELT, HFREKFEE
ZEMHESMII o U LA, Sl IELERR HOWBED, AHANED ZEOADORNBITYy PE2FET
AKBREE AT LATHEATIHAOLDK, KREBDZE ELD. ZOEIBTROBEBEREHND S, AR
K[EETIHARTREENIC TS EEEAT, a6k 5H AJ=FRE DM,
B EDOTR, BMEANVLETHEZEBHSMNIH . (1) BROERIZBRIETREMEAREEEICRIRT
=5

] RTERETEIEIZ (T921-8501 HINEFNE

B 4 TR A 7-1) Q) KREWRKHEBOSEEOHBBERII 1A THY,
e-mail:totitani@neptune.kanazawa-it.ac.jp BEERSIIR/NETEIN
*2 RIRTERFRFIRE @) H®E U MERELEGEE OIS THEKIEZR

(BfE BTELL =727
Uﬁ%%ﬁ‘zmnisﬁ9a>

Journal of JSES — 33— 2002 4




S g e

TRTEMY D OEHDEREE O

EEEETICERATESWREESD S
=BT oN5.
LIAT, B JIEVIEAF B, A1V, R

BAACBREEGD s BEO( T UV ROEFNFEIIDONT,

HERERERATHEHRLTHS. LhL, 13 RBOREE
PEGEBE L TOREICSXZEBIIDVWTHAHDR
@z<,Lﬁ@;oﬁ%@%@@mﬂ%ié%@%ﬁ@f
HOENITR2HENDD.

AFZENE, HRHERROELSEE b DERRMA1FH
EEEBOMRE, BEEERMICHSNIL, KBAKY
VATFLANOBEAOKRHEBRL TWS. FRTIE, H—
R LT, Hil, BERERFTOERREREZH LK
1) & ROBENEIERICTA D28
(2 BREOEBEMNE
ZHOMITAEIEEEHMELTNS.

2. BB

2.1 XEH

Fig. L EZ2EHOBEERLTVS. EABEI 14504
B#isE, AVBIZRHNEI 2ROEBREMSRD, ©
NENWBERBIOCILIYBEELTHNLONS. &
Bl & 2 OEBIRORA T v ¥ ZEHEWCHET, D
HPEBE T S XD ICEBEINTWS. KBTS BMEN, S
BEEHOZSBRI Yy DI TRID, €BREX
AR—H (IR THEN D FRENICRAARIOKRNRET
5.

2.2 RREE

Fig.2 WEBREBOBKERL TS, REATBOR
S, EAEEEZ D DOMEEE, SBTEE @i%%
NHRD.

HBEMOIIZERO. 1im OBy OLKRE, IV I YE
BOWIZEX Inn, BT 200 O 2 K2 AW, MER
ELHHEMES W) wid 150m &Lk, HEBEEEOZREI
WEEBCROSTSNTEY, BEMES s 2EX52
EMTED. 2ROAVIYEEEED I, Fig. LOT 7

Flow
UK >
High Voltage T -
Power Supply .
Discharge Electrode /
Collecting Electrode / )
"
Tunnel Spacer
Fig. 1  Setup of EHD fan.
Vol.28, No.1 — 39—

UIVRE D A R—HT &
EUOEEITRS.

AERETIE, FiR0XII, £EMENS 2 MOHKR
JZEMS ZDORBENSER I N, Pl EHE/EICE
BERTRTERBLTEIW. ZORERDHH, Tub
BHEFNIRBEFRANOELORIR<EEL, &KE
DOUEEZTERTH—DOEREELAONS. FRETIR
Fig. 2 WRTZOOKBEMOARE 6 27 —FBRITAW
5. T,

0 =2 tan’}(D /25) )
HEERORNENESNT, NHEOE h—EDBE W
ERERTEZLH5BRAT 7 UVIMREE L. EREZA
T HE, MESIHTIERMROZELAENIT/NE
TEBMN, ZZTRw MUK 150mm T—EE L7z,
EURERIE D X150 mm? &35, ERDJVBERTOES

PEEFRIL, BRIE LTSRS EIC L. AEBOER
WrEBRIEAFETH Y, MEMBEREMEREZMNT
RELE. THEREPOERIORLE. b, FOBMERE
BERDHLERICHERA L ZHEBRNHRTH D, FREDH
FTIZERL TWhizn,

NSOTIE, BABEES~20mOY h—EEFERTHLIH
ﬁbf%@,$ﬂnfﬁ6mn@%®éﬁﬁbt.g®ﬁ
HE, NS DEFITHRRENTWBENHEROIERD &
M5, Fig 2 OEBTIRIVIYEEMR, ThbbES
WEROENED 2 18mUFRTAIERTET, B/
% D =20mm & L7 £&, DOLRESOmm &L, %
NEOPHEOEEL T 30mm ZHEA L.

DERETSH. ZODRAEERD

20 530 215 18 15 55 30 245 22
30 700 305 25 30 70 45 295 32
50 850 455 37 30 80 55 285 60

¢, d I

o

=1

@ Discharge electrode @ Collecting electrode

 High voltage DC power supply @ Static pressure hole
® Grid ® Digital manometer @ Pitot tube Thermo-
and hygrometer © Tunnel @ Valve

®© @ @ &

Fig.2 Setup of experimental apparatus.

KB 2V F—




WA EER - IEF G

WEEBICSBEEBEQOERA AE, 2 ROI VI FE
mlcakhz2EREL, EAACREREI VL. £, &
1A VBROERTRERZYICLZ, ZRAARERIZD0n
T, TROBEENS CAOHS (60H2) ZHEBEED
KTV AEBICEBEEE L. LEOWTIOBES
LY ERAEEML . BEREGBEEAREELLS,
BBENT R (KA 100V, KA 15000V) DHAE
BBERFAA—RTTUw VBERLEE, SEEAI
FrHIEDIREENZ THZ. BWhBEORE L, &8
FERSUANDANBEEATA R VAL DB
®TITo 7.

WAZLGORE, BEETIIINVREBES (CHINO
MODEL HN-K) ®I2 kY, KEER 7 +)V¥ X EERITX
DEELE. BRATOENEIZ IS #E—E (H
TRIERT 1K-1) OEF VI IVMEREE (BIL, TYPE
DMS-4-2L) ®@ZRAWz. REOHERIROLSITLE
EHBREEEZ D=20, 30mm OFEFIL 18, D=50mm
TH 25 OEERICH, WEIEE 2 OEE O F LB TfT
o7, BEORER, Fig2 WIoRTHEMABICBNT, EF
EA OB &5 4 AT OFEIL@ TR 2 IZi7W,
B ez llEEe L.

2.3 REREHLT—SER

FHXDODIZDWT, sIEEME LTS ~50mm OEFHT
Smm MBS Lk, ZEREZERIOTHEOREOAT
T, BLWHESTNBET2HEBETOERITER L.
EIINBFEO&ERILE A 8~22kV THB. FERIT=ER 18~
29°C, MXBE 28~67%DERF T Tz,

BEIIIMOOREEEL - 2D, MEOREREILNR
BOHEHTKEL, BRI20%LBHEb->TVS

AEBRIFEARETHHEOAE DS, BADITRKIC
BROLTWS., #EOEHIL, ZOLRFIHETS NSO
R AEBEICL TiTo/z. 2EME 1 IR TRD

n= { 9Xp, /(60XP) } X100 [%] (2)

Z 2, Q[m¥min], p,[Pa], P[WiEENENIRE, 2
HWEEHTHS. £k, P=EXITHY, ETHERMED
EINBE, 11314 BRTHS.

2.4 EBICHTHEROBEAICDNT

B R RKBAKY L AFLTERTAHE, #RIELT
ORECBIIHBOEREEZALSN, FERTHNS
BB, BROTBZKOEEVSEHTES LW DRI,
ZORITDVWTH, UTOXDIKEZS.

Robinson 2Vt 2 MEEBM LT 2SI DWW TR
WEERERZRLTBY, HE v BRGOWTERTZ
ENTE, ERBRELLS-HTEZE2HMELTND.

u =pIV? 3)
TN, ORAAIHEE £, BEo, EHRERAK
TR ~HERE g OB TH B, LD TK, g W—ED
TT, EHORS, BESEENT I —FEITRS,
Robinson /& 10 L EOKED 0 -k KD, ZNE5D
FEHEEEFOFNEDQUERL TSN, [OREFT 12

Journal of JSES

T—EELTWA., HUbdrs, ESERVEUT, BREEL
MAELBTNE, oBIR T ORERITI-EEZLTHD
TEMTELELEZLNS.

R Y3 REBRICL D ERERN S, ¢HE
TRBIAM A VREOBRRREE A4 ERD 12 ROH
BATFERICRD ZEERLTVS. MBS M3, 2K
PleRELAKRERENZ22L 7 VBRI, BEOER
BEMIANWT, (A4 VBORMOEREDREHREL TH
D, BREBFIAABRO 12 BICHATELELTNS.

NS0T EME, D EHEMRMITIE

u=¢I" @3y
PRITHEEZIONS., ZII, n BERTHD, B8
BRIEWERETOTRETOILENHS.

Uiz T, BRI, RE)D ¢ ZEUITRIRT 5 2
LIk, ¥R, EREZEEOBREEREORFBDER
CHEATESEEZ LN, BERERKIIERSEGSE
THD, EERECBYSI T UBEELZNL I EEES
T, EAEE, RE)OoEEIEBOERICH L THEX
ORETERMICRD, @EREE L THWSIENEE
THD. FHFETHAVWCEBBRIIET S ¢ ORELSED
BETHD.

3. R

3.1 REBRICHT A A VROBEONE

AE T3 BEO A AR LKL, EALEE
BAFEOBEEHASNITS.

Fig 3\ 33O A VRN T S u &I OBERERL
TWs., I,

u=Q /4 “

THY, HBEHEEA=DwTHD. I DEF 12 1LEA
F RO u o UTERPBRICR S L DIED. Fl—
DITHLTESNBIAVEOL 1T, F, &, 3R

2.0

T T T T T
@ positive Tonic Wind

" /A Negative Ionic Wind
[J AC Ionic Wind

1.5
1.0

0.5 /D =30mm |

0.0 ] | L | ) ] L
4 6 8 10 12

Square Root of Ion Current 1'%, (L A

Mean Velocity u, m/s

Fig.3 Relation between ion current and mean velocity.

20024

.




TRTTER T b DEHD E X EEOME

Table 1 Constants of eq.(5).
Correlation factor
Positive 0.49 -0.71 0.9998
Negative 0.41 -0.55 0.9984
Alternate ~ 0.40 -0.82 0.9942
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Fig.4 Effect of gap length on performance.
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Table 2 Comparison of efficiency under condition that the values of Kand @ in case of

D=30mm are approximately equal to that in case of D=50mm.

Dmm smm s,mm 6 ,deg EkV KkViem PW

g UuAlcm  1n,%

30 20 25 74 4.8 0.45 1.25  0.51
50 30 39 80 4.6 0.94 1.75  0.36
BEoZEns, RERSFHOHEB T D =30mm 25 EEBEHEEHE 33.5mm THo 7=,

WL

—77, D = 30mm OFBITHT DEHEE 0T DLS
WZEZ B Fig. 812BWT, 53deg= 6 =74deg DHIFE TIZ,
NMELCTHNEODNZIWFEENRELS S, LA
27T, Fig 8BV THNBETHIIN S0y FOER
FU T, 6N EIVEEERREN, NRIZES &N
ISRTRREVIDHEVNERITHS. LirL, PORELT
HIL, AEVWODHEN, ENKRENS TRANELAD,
EHLE, BBEBOSKLOSIBITENTHEEEZI BN
5. DI EMS, BlEIL 0 =53deg , T80 5 =30mm,
5,=335mm THHEHW L. 206, 0, u, pTHE
NOO LUTTHD, REEBLEKE U TORERE EH
WcEs.

4. 45

HBEBELTSBNR, aL7YERELT2HDS
BRIy PZAWE EHD #8EB I DWT, E14 A,
B4 VR, JRAFVEERESETENRFNCL 5%
SEMEZE, FEEEEBMELZERIICRNUER,
TOMHmER.

V) 1A BEBR-EOCHS, FHRELEL A AR
KT, B1AVE, BRAAVEOMEICNESL 5.
AR THALUZERSZ T, LYREEr 48R
D12 BIHHIT D 2 ENERICREN

(2) EEHRIEA T CBANBKRT, 14 2E, ZHT
FURDMEIT NS < TsB.

Uil Ehs, EAACEEANT 2ROV IYE
WS, REBEBBEOL 7 YEEEOHEBOREEZE
BWNTRO IR, RO EBHSMNTL- T,

(3) EEMBNREKRELLD LY BBEESI 30mm,

Journal of JSES

4 HREHN—ZEOTTRIKESE»S 2 KOV V5 E
BEEOAEN D HEICALD ETIITEERE, 28,
EENRITZEI—EOEELDN, TOEEBLDE
KF95. COMAEIERG)DERETT 74deg THo
7z

HEF BEOHE, RIS UROERAEKSK
BIZHBERT 2.

=T

1)W. N. Grune, R. A, Collins and T. L. Thompson, Forced-convection,
Multiple-effect Solar Still for Desalinating Sea and Blackish Waters,
Proceedings of the United Nations conference on New Sources of
Energy, 6(1961), 205, Rome.

2)M. K. Selcuk, Design and Performance Evaluation of a Multiple-effect,
Tilted Solar Distillation Unit, Solar Energy, 8-1(1964),23.

3)Ho-Ming Yeh and Zhi-Fang Chen, Energy Balances in Wick-type
Double-Effect Solar Distillers with Air Flow through the
Second-effect Unit, Energy, 17-12(1992),1239

4)W. N. Grune, R. B. Hughes, and T. L. Thompson, Solar Stills, Water &
Sewage Works, Oct.(1961),

5)H. M. Ali, Effect of Forced Convection Inside the Solar Still on Heat
and Mass Transfer Coefficients, Energy Conversion and Management
and Energy Conversion, 34-1(1993),73

6)Gyorgy Mink, Mohamed M. Aboabboud and Etienne Karmazsin,
Air-blown Solar Still with Heat Recycling, Solar Energy, 62 (1998)
309- 317

NHRE \lﬁ]a‘“???“ KIGEGRE S 2 T 1Bl EHD 253 E ORF
n-#ﬂ% BEEIICLDEBER, KBITXLF—, Vol24,
No.3 (1998)pp.45- 52

8)Robinson, M., Movement of Air in the Electric Wind of the Corona
Discharge, AIEE Transactions, 80 (1961) 143-150

NRUER - IFTZ, A0IRBEERFOT R, HELE
RS, 2(1978)158

10) JIS B 8330 - 1981 =B DB VRE ik

11) ﬁiﬁ’é’fﬁ - BRI - EEZ - FEXT - $BES, KEH

WHTIZ@PNEAERO IO RETICB T 8MEE,
TR, 11(1985) 280-285

2002 4




