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STUDY ON THE THRUST CHARACTERISTICS OF SYNTHETIC JETS
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Although there have recently been various studies on synthetic jets, many issues
remain to be clarified, including details of the structure, Coanda effect and thrust characteristics.
This study clarified the Coanda effect of synthetic jets. In addition, a thruster model using the Coanda
effect of synthetic jets was proposed and thrust characteristics are evaluated. As the main results, the
flow of a synthetic jet near a rigid boundary was visualized and the trajectory of a vortex pair is
demonstrated. It was confirmed that the flow patterns of the synthetic jets near a rigid boundary depend
on H/b0 (offset ratio, normalized step height). The behavior of the asymmetric synthetic jets caused by
the presence of the rigid wall was observed experimentally and the results were compared with numerical
data. Furthermore, typical flow patterns around the proposed synthetic jet thruster and its thrust
characteristics curves were shown.
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Fig. 5 Trajectory of vortex pair

(Lo=30)
BITIREEERN L RDDOICK LT, Yotk
T4 v Yy bOGEITMA R ET
HZETr7u—nRE— U NEEEELd 5 IE
EFmfnE 5.

X 512 A1y MNECRAR S 305 L E
ORI E L ZRT . RKOFRMEILK 4 1%t
JELTHEY, L=30, Hbe=20 DHATH 5.
@, (b), (c), (AiXZznEr M@ (SCEEm A
LD x EEAERE A2 L, TR (BEm{H]) x
FERERE 2L, B (CBEmERD) Lo
y FEAEIRE RO 281, TR (BEm{A]) y JHEAR R
BZETH Y, FOOEMIEREER, KR
OWAIIBIEFH FERE R EZERT. (@), D)5
IXIE & & IS TIMAA~EITT D 2 &b
N5, FEANC R D & tUT=0~0.5 O HilEfE T
1 t/T=0.25~0.5 O OEITIEE T t/T=0~
0.25 OMEITHE LY H KX <, t/T=0.25~0.5
TITWNFEIE L2 & TH O OFRIEE N
KELL pombDEEZLND. FD,
t/T=0.5~1.0 DWW\ VAZIEFE T iiIEsa—
EME CHITT 28 Ma 2, Zhidzre v
N OSE BE 1 0 f BV 0O 3 R 5E EE D BN
KRENWZ LERLTND. 12, @& (D)F
B2 & T BEmAD) ol B (SRE
)WL AT T AR H S, £, (3),
(b) TR SN D X AR DREH I ZE LIz VD TE
FERAE R, BB RS R E MR IRR D
DALV, WIT y FEAE DR ZE LIz DN T
R L, kg — B RiuE () o L[l
(BCBEAR]) IR/ SV Okt
LT, (d) T (BEmf) o2 bk
<, BEF~OBIHNEETHD. ZDZ L
NE, LB mA~BEH L T\WD 2k
AL TH D, y EEORFREIZ LIz B
T, FEBRRER & BUEE EAE R IO E RN R 2T
Bonsbo0EmiciE—& L Tnas.
X 4, 5 OFEENL BT 4 v IV y
DX D RIEEFHRNTH-TH, FILOH
a7 S ERNEHTEHDH LR



(iii}t/T=0.50Up=0mss

i FEWMW)

(iv)t/T=0.75Ug=425 1m/s

|

< 04 YemNIIR L»

e Il

E

.
(v UT=L0 Uyp=iis

(b) Velocity vectors

|

|
T
15

5 : a0 s o 510
by

(@) Pressure
Fig. 6 Flow patterns of Synthetic jet (Lo=30,

U/Ujo=0.25)

BH.

X 6 AR TIRET DT 4 v 7Y
=y MEEIRET VEY O 7 v — X —
Pord. BT 4 vV ey NOM
FEEE UIUj0=0.25 D5 T T/ b LT BUEF A
FERTHD. BKITA he—7 L=30, (i),
(i), (iii), (iv), (VIZOWTIL, (A= v MY
OB uo 25 0 (UT=0), (i) fic K M H B
(T=0.25), (iii) HOJEE 0 (¥T=0.50), (iv)
& KW 5l (¥7=0.75), (v) H Ao dEE o
(t/T=1.00) DHZETHS. BHDOT 8T 4
v Yxy MIgHoERADERE—-TH
D0, RETINCTEHHEERFPRICHD A ¥
hCIEMEH EW S Z2E D IET SO0, HEtERR
ELTIERITOW AL L% OMH DIy
MWD &I D. B, WBRTA ha—7
DRI ABEETH 70— — N EMER
REWIRY 5202 EE2MET 5. (@)
7 NV TTIIHERE SR T U N AR 1E ST AR
A, [RIREICHEMERR NI BRES (I R~ 2>
NFFE—FHEFHENADNRD BN D . (b)DJE S5y

2.0

Lo=3.14 CF.D =
Lo=30 [ A]| |
Le=s0 | W | O
1.5 Ln=1(_)0 X
x Lo=150 | # | ©
n € =
f, A X
S 1.0 =3
LR 4
]
0.5 T v Al x
Y 9w
o H E
(]
0.0

00 02 04 06 08 1.0
U/,

Fig. 7 Thrust characteristics diagram

(EXP&CFD)
MFIZBWTH FIMCEN—ERFEZHL T
WDl b BT S O Ry 2 b 3Bl g2
END. Le=30 DA xIbp=10 FREED S
WEREH OMEfifEE L 72D, Yot T 4 v
Tx oy MRIAHEESS O TIEIZ WV T b e
W & HRLL D3 FE A3 AT A o N DA I 23 T
SN DZEnD, FIGOHE AR R T
x5.

B 7 \ZHED R A R 3. R T IR T
DOIEEIZ IS < HESREL Ce=Fi2pboU° T
Y, NFGA=FFWMKITLA b —7 Ly Th
0, FEOT By bESEEH LR, h2e
Ty hEPERERERLTCWD. HEES
W AB) < HEDD I3 B R I E B & R T
X VR, —F, EBRTOHDFENIZ L
AT L0IREETH D Z b, KRifFgE
TlX, x/bp=300 DAL (& CTHRERM I3 E 5 Ah &
REEERIE ) 2 5HR L, SEBRE % & W AL o
EEEFRERCRAT LI E TR LNE
PEEEOHSE L. B, 2FD-0IC
HGEE COHE D EE B FIKIORT. WTh
DHBAEBLHE TN ORMEEZAE L TNE T &,
kT 4 v Yy b OHE TR R
HERITEA br—7 LollKAFE L, [Al— UlUplZ
KLU TIHE Ly BREL DI LTEBN - THES
123 Ce MRE L RAHMEMICH D Z En3bh
4. F77, Li=3.14 & Ly=30, 50 D—HE AR
T, Yok T 4y IV ey O Cp NERE
WD Cr LD B RERMERT Z ENDNS.
B ERB R ERER L 2T 5 L
Lo=50, U/Ujp=0.25 DEIZ K& 72725 (35% 7%
FE) MBDHLNDHOD, EEICIZERLT 7
—HMRRLND.

AT a T X RERA LT
AR E T VAR L, BB X
OMHE I 2 B & 2629 5 7= O 50 il 3150
NICER AT 72, ERFEREZ L TITRT.
(1) BEmiEToOY T4 v 7Py b

DEMBENSGY T4 v Iy
r OFREHIEIC 2T X ENAHT



O]

®)

HHZEERLI.
BEHTETOY T 4y 7Py b
O AL SEBRAE B & Bl R LA R & b
B et L, mERNEMEMIC—HT 52
tERLTE.

h TN RS T LR L, HEdE
AV DT —RE— R LT, v
T4 vy OHETIFIEE R L
7.

< 53R >

[1] Whitehead, J. and Gursul, 1., AIAA Journal,
\ol. 44, No.8 (2006), pp.1753-1766

[21 M. Amitay etal AIAA Journal, Vol. 39,
No.3 (2001), pp.361-370

[3] Tensi, J. et al, Journal of Visualization,
\ol.5, No.1 (2002), pp.37-44

[4] Duvigneau, R. et al., ASME J. Fluids
Engineer., 2007, 129, 825-833.

[5] You, D. and Moin, P., Annual Research
Briefs 2007, Center for Turbulence
Research, 311-321.

[6] Smith, B, L. and Glezer, A., 1998, 10(9),
2281-2297.

[71 Holman, R. and Utturkar, Y., AIAA Journal,
2005, 43, pp.2110-2116, 2005.

[8] Kaoichi, etal. Journal of Fluid Science and
Technology 6(4), 425-436, 2011

[9] VHEROL—, MRHAGES, VptRRs, HH
iz, AAMESmSCE (B W), %
77 %, 783 & (2011), 2093-2104 H

5. E7RFEEGR

(WFFEAREK S . WFEo 035 R OV EERF 23 |

T T#H)

CdERERm L) (5 1)

@D Koichi NISHIBE, Tamio FUJIWARA,
Hiroshi OHUE, Hideaki TAKEZAWA,
Kotaro SATO and Kazuhiko YOKOTA,
Synthetic jet actuator using bubbles
produced by electric discharge, Bulletin of
the JSME, Journal of fluid science and
technology, Vol.9,No.3,

[DOI: 10.1299/jfst.2014jfst003 3],
2014.9, ppl-12, HFHA
@ Koichi NISHIBE, Yuki FUJITA, Kotaro

SATO and Kazuhiko YOKOTA, Study on
the fundamental flow characteristics of
synthetic jets (Behavior of free synthetic
jets), Bulletin of the JSME, Journal of fluid
science and technology, Vol.9, No.1,

[DOI: 10.1299/jfst.2014jfst0007],

20145, ppl-12, HFHA

(PRFFR) (§59 1)
@ N.

TAKAHASHI, K. NISHIBE, T.
FUJIWARA, H. OHUE, K. SATO,
Influence of the Characteristics of Velocity

Oscillation at the Exit on the Flow Structure
of Synthetic Jets, 16th International
Symposium on Flow Visualization, June
24-28, 2014, Okinawa, Japan

@ Shinsaku Nakamura, Masayuki Takahashi,
Kotaro Sato, Kazuhiko Yokota, Influence of
an Upstream Obstacle on the Flow
Characteristics of  Axial-flow  Fans,
Proceedings of the ASME 2014 4th Joint
US-European Fluids Engineering Division
Summer Meeting and 11th International

Conference on Nanochannels,
Microchannels, and Minichannels,
FEDSM2014, August 3-7, 2014, Chicago,
Illinois, USA

® Takanori Nakazawa, Masanori Kudo,
Koichi Nishibe, Kotaro Sato, FLOW
CHARACTERISTICS DOWNSTREAM
OF SWIRL FLOW GENERATORS,
Proceedings of the ASME 2014 4th Joint
US-European Fluids Engineering Division
Summer Meeting and 11th International

Conference on Nanochannels,
Microchannels, and Minichannels,
FEDSM2014, August 3-7, 2014, Chicago,
Illinois, USA

@ Takahiro Iwasaki, Koichi Nishibe, Kotaro
Sato, Kazuhiko Yokota, Donghyuk Kang, A
Study on the Coanda Effect and the Thrust
Characteristics of  Synthetic Jets,
Proceedings of the ASME 2014 4th Joint
US-European Fluids Engineering Division
Summer Meeting and 11th International

Conference on Nanochannels,
Microchannels, and Minichannels,
FEDSM2014, August 3-7, 2014, Chicago,
Illinois, USA

® HBMW, A&WEZ, WL —
EBE KRS, MimfE, Yo7 v oY=
v b EFIA U iR OB gE, B AR
SELRART Y AR Y T A 2014 (FLIR)

() GFo )

(PESEIY PEHE)
otHRRTL (T 0 1)

VoY
LR
MEFIFE
F¥A -
iR
HIRESEH A -
ENA DR -

oUAFIRIL (0 1)
R

FHE
HEFIZE :



FESE -
&5
HFESEA B -
HBASHH B
E N DR

(& D)
R B U
http://www.ns.kogakuin.ac.jp/~wwal1038/

6. WFITHLRE

(OIFFEfREE
EE 6 KBS (SATO, Kotaro)
TEEBE R« St T2 - %
s 5 80252625

(QWFgE sy
BEH  fnZ (YOKOTA, Kazuhiko)
FH IR RS « BTS20 - 2%
W98 % 5 - 70260635

Q)N IEH



