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Abstract

This study is conducted through an experimental method to explore the phenomenon of airflow at an
opening due to Helmholtz resonance. A speaker is used in the experiment to generate sound, causing a
fixed erlenmeyer flask to resonate. The experiment analyzes the formation principles and machanisms of
airflow by changing the sound frequency and cavity parameters (cavity volume, cross-sectional area,
neck length).

when the cavity is not in resonance, the difference in air pressure amplitude inside and outside the
cavity 1s small, and there 1s a phase difference. However, when the cavity 1s in resonance, the air pressure
inside cavity increases significantly, and the phase difference disappears, leading to a peak in airflow
speed. The relationship between the sound frequency at peak airflow speed and the geometric parameters
of the cavity corresponds to the corrected Helmoholz resonance equation, where the effective length of
neck should be corrected as Lo+1.45D (end correction). Additionally, airflow patterns are related to the
stroke ratio( L/D), When the stroke ratio 1s less than 0.1, air 1S easily drawn back into the cavity,
preventing the formation of a jet. In contrast, when the stroke ratio exceeds 0.4, vortex rings are formed,
result in a synthetic jet. When the stroke ratio 1s between 0.1 to 0.4, airflow 1s in a transitional state.

This study offers a new approach to understanding the transformation of sound energy into kinetic

energy and holds potential for further advanced research.



= - WiREE
TE—REHT  REAREE TRBIoE R BB SRR —REIIIRR - B—
RS T HAVEER - &OE SOG4 - S (AR SRR R SR AR - E b
datreEr | AR ERERRSHERE EN - E G G ERERRh R A AR AVER SR ? 281 - BEE
— IR i/ D o DRI AT e AR ST RS i 8 A SRR IR BE B ] 2 SRUm VAU RE 2
(2 i SO RN R S B R 7

B~ WIFEEE
— e R A O SRR R -
~ R EEA CORBSBENTEE ) BTN A -

2~ TR KR
— () ISR

& | 3 \ B
) s TR FH#k 7N
i
I EE ST LN
1
FET EiEANEETFREEPIH
JHSH R S B T 178
2
BiRkes 5 0 BE B S T E R
i
3




BIEEERZES N

ST A R HH R R

S R RERE IR ST HRMES H SR 2R
EIEAS IRECHEI U it a8 B
e R TH R HETE AT IE 2 SR 2

HE
fon

bmp280 i /2 BE IRl
4

A ESER PSS NEE T iR

arduino nano M

P bmp280 [EI{EAVERSE




#fs soundcard scope | F&C 2 v EUHT = RS N YN R
0 JERARA 2
##% phyphox == e
11
#EE arduino IDE 45T arduino FEAHEEEFZ =
12
#ES Spectroid M SRS AR
13
#XHE Tracker BEHERAS HEREE
1 ®Tracker
Video Analysis and Modeling Tool

CLEIRR BB BT - SRRERIE BES)

= EERRERYE
(—) ~ R DR ER R B
(5 ~ R P E PR UK E BT
(=)~ RESESE mE R e B
() ~ REERA [ A [ B R a5




FHEy
AN SR e

H#EAZHR

izl

CC:’D INE 3 N

() E R E R EE(FE B TEH)

Bl BT S B T (2 411
=~ PIRBEESUE

— ~ SUBRERET

E A S BLERSTE HSRUE BV BRI » AT P ArA BRI RS IR
58 > TAE A HR T S 2R ZA AR A AL - DU Ry 2O A R A 2R -
ZRBEIIRAR

Bliads (KR HAASHE AR - HEESASIINGR - & —lies
ea LRI > B Es SRR EBNERRIE R DR - INBL A Rd@ R - MIREEEIE 2y
Mo A DFEE RS R Z AR AT (F BIRAR ¢ g 0 A Rl B AR 0 vV
Rt L RISEEER)

c A

—_— [ —

2n\ VL
IRTTHE R ZIPEE 22 R A JE DARRRE Ry ol e G RIS GE H — RGO » I EE R
FFE RN SIS E % > FREETRIEASE H RO AVIR SR & B R IS TE R 5 AR AE
2B UM B RGRIA L -



BRI

ERERGIREINT > PERE Y SRAS S AT T R I EAY S BLEToR - FERERG P SRR LA
SNERSRATET R ARG T 1T RARET R - RIS CHERRHH IS, - JPRGRAR - 2

» HERG IR SRAS P USRS - IERFB AR MR SE Rl - SRR AS A R TR
BN UTHEANERG o (EETTREARE LB - PR T ESIRAVERIER o ERAY AR SE R
SHIEER - MERGHYBEIIMERREh & L — S SRR - 18 L SR A R R AH Bl IS

i Bl s e SRR (synthetic jet) e

LR Ras s - 2R RET R A JERhERB R AP TERRERE
ShERZE R IR A R uuﬁ%ﬁ%ﬁqﬂﬂitﬂ i 7 /o SNEEERIEERT BE1-318IR > ER—iE
%

E(=)ERCRP BN EE(F & B TEH)

PRIMEEEER B & BRI AT FE A 7 #2 (F F 2 SR T 2@ 28 (synthetic jet actuators)
FEHE B H RS ERS RIS BLRBR - A SRR - &/ VAT RS
KT A E B R TR S RCRITEINTFE - INELEANTFE T > G& BRI g &
HIREE A SRR ©

* WEFEA

() ~ WU AR LA AR ] B

DR S SRR (8 PR ER N E RS SRR 2R 21 -

() ~ MR R BALE G 5% (] 22 B TR

DCEERG 28 - (R R N SRR RO 2R B - ST 28 H]
F e B ERG A B R HIRIER - (NEE B R G [RIE R ARG 24 (T S B N R B SR
RGeS > DIRORUMURIE R IESE BN - s =2 2R th - NEERT AR 2Bl
TR ERGHSIA V ~ ISHSAR L A A =HE N - s B EE R
BEEE/N - FTUAARE R A ST

~



RO ERGSEIT (R BEEBETHE

Hashafa V FRCIREE A RS L

7 A [E] S Y 28 TR

Rz A KEERE RS L IR

B E R SHSE R

(2) ~ BRSPS MABR B [T RE %
1. fEFH#RES soundeard scope F&HCAS o JEUHIE 1 H ik 8L F AL RIS ERG A 4/ M S BR [ s ]
2k -
2. AERERSBALI NS MR bmp280 B ES (L EANE(VY)) - o E5m a i HH YR 50
J& - T EHERS P NER T JHRIE 22 BLRAERG IS H SR AU 2R T B (% -

pEesNREERlE >

BEARE >

RERS

B B
(IEE ET481Y)

() ~ MR 2

HSERE T AR BB HER T » B T ML - D SR R

e LRI IR AT BRI AT S 2 A




= . PR
— - ETERUR R T SRR R
AREEBE W ESEERAETTIE - 18R SR v HIE I NUE Z IR R
FEAERY > RO E 2R > BRLAEREE RS IR T o RSN AR
RHIEZIE 22 IR (DL T R RIS - ()R E ARSI B B B s A T
EEE RS T IE AR - S5 PRMERUR 2R 2RI (B s P S P S A SRR B G R SRR AT 1Y)
& WERARPEEEFEERVAER » RG] - BN 2 AR RERe i
I IR S R A E

%

samplel sample2
1 0.7
08 0.6
08
07 =05
E 06 E 0.4
Z05 z
804 Boz
$03 202
0.2 ]
01 0.1
0 0
290 300 310 320 330 340 350 360 370 285 290 295 300 305 310 315 320 325
frequency(hz) frequency{hz)
= NNy P 22
SR PRI (B I AH2R:330hz SO ARz I E Y PE:305hz

FR(E)RAUMRBIEEE R ARE (FE LA excel HTT4EY)

Simplel Simple2

i JI“

l I'Hm T’WW

10000 I—

HARAEZR:325hz HARAEZR:308hz

SR 2R EE IS (E AR 330hz SR ZREE I (EL AR 305hz

TR IR AR LE N (TF & B 1T &M



USSR R B AR 24 (T 2B B 4
] (70)~ [ () B[Rl e B A 2 B B PR BB e AU b - EE RS R
B AR MSET - B iSRG AR IR - ARIE E SRS
Z&gsm o FRIEN R A [FIRERG 28 ] 2B T AYRERG SRR -

(—) ~ CEERRRGA V

velocity (m/s)
0.8

0.6 1

0.4

I
“ ‘ |
0.2

70ml 20ml

200 i eo0 800 e frequency(hz)
[ (71) A [FI G 1 B AR AR Bt 7t 2 B (A
(TEHEE A excel BT48%
T (M)PERG R RBUURIE(E IR R A
HEFE(ml) 20 70 120 170 220 270
iR E AR (hz) 955 590 455 385 340 305
(=)~ PR O IS

0.7
0.6

0.5 /\ 3 mm

< 04 l \ : ——omm

E I \ =——9mm

g 0-3 \ } A ﬂ_ —12mm

S Al e

0.1 — 18mm

0 .X \I ‘ X L : 21mm

100 200 300 400
-0.1
frequency({hz)
8] (70) A [FIHEL T A8 R e R AR B e 2R (e

(E&{EH excel BT4E%Y)

9




R ON)HERG A B RURT AR I (E AR B (%

1 (mm) 3 0 9 12 15 18 21
BRI IR (hz) 75 130 175 210 240 260 280

(=)~ BERESE L

0.9
0.8
0.7 - 6cm
E 0.6 5.5ecm
-E:; 0.5 ——=5cm
'g 0.4 —4.5cm
g 0.3 — A
02 1 e 3.5¢M
0.1 + 3em
0 - R
frequency(hz)
(] () A ERSHSA 1 AR B 0 2R R (A B
(TEFAEH excel HTT48%
()RS = B U R (B AR (%
$HF(cm) 6 5.5 5 4.5 4 3.5 3 2.6

I

fURIE(E A (hz) 65 70 70 75 80 85 90 95

PR (B S B 2N EE 22 IR A TCARA - RIELDL NE AR [ HL log HY Z IR EE 24 3

PRI PRS2 S BEA LRI 2 Bl (% -

logf=logc—log(2m)+ -logA—-logV—-logL

i EZCAT% logf Bl logA ERERSy % HIERMERR (% 5 B logL ~ logV 2R Ry — % EECSERE

% -

) ~ BOL) ~ B RIE H log(V)- log(DEIFRIRIELY F5-0.44 - FEITAT FHYHE G {E
5 ; log(L)- log(f) EIRFERE F5-0.45 » RET AT FHYHEER(E-0.5 5 ZR1 log(A)- log(f) [El

RER{EFy 0.33 » BHER{E 0.5 HECRARE -

10



3.5

2.5

logf

15

0.5

1.98
1.96
1.94
1.92

1.9
1.88
1.86
1.84
1.82

1.8

logf

y=-0.4377x+ 3.5603
R*=0.9959
T T T T T
0.5 1 15 2 25

logV

& (/) log(V)- log(DIE]
(TE&{EF excel BfT48%Y)

"

y=-0.451x+2.1696

R*=0.9881

L N, 4

0.2 0.4 0.6 0.8
logL

& (/1) log(L)- log(D)El

(&R excel HTT48%Y)
-
y=0.3397x+ 1.6038
R?=0.9914
0.5 1 1.5 2 25
logA

[ (1) log(A)- log(DlE]
(TE&{HF excel HIT48H)

11



KOE SRR BRI - TSR IR AEN ZBE 2 AP SHEH L FETEIE
(end correction) » & HERGHLIRIT » FRSHR Iy MT L5 P22 RBERSHN 22 BAERE D) - IIEAR
HHYA RS R (effective length) KR RAESHE: » S MYSHRIG IO O - BI1ETT
AR

fit%% (Unflanged) : L=Ly+(0.85+0.6)D

A% (Flanged) : L=Ly+(0.85+0.85)D

TERERS HARIS RS R B By 22 Rt Ho Lo B JFA6SHER 5 D Rl B » AT R EA
HIRERG R 1R IR 4% - SR AEN S K

logfzilogA — %log(L0+1.45D) — %logV + logc—log(2m)

outside outside
fe—D— e—D—
cavity cavity
flanged unflanged

B eBeps (1 T 42 B U4 R 22 B (1R 8 1748 L)

K1 A ﬂﬁ?ﬁé@?n@)z B R TS -

logf——log( ) — %logV + logc—log(2m) + llogn

4(Lo+1. 45D)

i R AT IR |- logf 82 log(L——)IE LRt 5 - > WVERVERI RO T (B0 > DUT

4(Lo+1. 45D)
log (o riasm) +145D));%10gx) B () ~ B(H=) A2 D BiL K logx - log(f) 2 {E[E]

TEBUR P HIZEE D BiLo T logx - log(f) ZAFERFARE 77751 K5-0.47 ~ 0.55 - BT
2= R B B Rt AU ey R (E -

12



[F§]

,%M

NI
U

M

—
E’ y=0.465x+ 2.7234 o
R2=0.9977 .
2 -1I.5 1 -o|.5 ) 0
log(x)
el () 2252 D B log(x)- log(f) [
(F&TEH excel HT4g%Y)
S / 1.9
L y=0.5516x + 2.8555 oo
/" R? = 0.9895 o
P 4 68
7 1.82
19 -1.85 -1.8 -1.75 1.7 -1.65 16 155
log(x)
& (=) B LI log(x)- log(f) [
(TEE L excel HiT48%Y)
log(L)- log(f) log(A)- log(f)
HEmRlR -0.5 0.5
EIERPR -0.45 0.33

EOVB =

I Lo RF log(x)- log(f)

28 D B log(x)- log(h)

BmRhR

-0.5

0.5

HIERER

-0.47

0.55

EODEL &R

13




FERE P& M BR B 7 R B
(—) ~ BERE NI MRBERE R (L
FEHENRER S MY B T 2= e RS iRy A AR MR A IR B T 2RI AN R AR A SRR L
IRERTTERIFEA > Rt s e i AT RERYIE AR
L HARIGFHERS A NABR R MR L 22 2 R B Ty 22
2. HARIFHERG NS NRBRR HRIE 2= B2 IR B ) 7=
PUT DL Bt il — (5 18IS IEAERY - (-0 Ryl E P Ae(E R R LR A A1
SRERMERF I (B » (Rl RoRFE > SRERURIERIRER - LSRRI NARE) ([EBIE
PRI N MR E SR T RS - TR - RN RS
FARMT o AERERG RIS P SR B IRIE 22 A HERR S M SR BRI - HLA% 2 A fHAL
7= 0 R AR SIRG NS MR BIRIEZEEA A - HEHIRMAAE - ERER T E
th o PERG AR Y I MRBR i 22 2 2 AR R AR - TR & Rl HAR L 2 -

[ (VU SR BA B R ] R A [l (1 & E A T =MD
farl RofRi ] - SRR AURIERRPISREE - ALER UMM R B

;11 mlm 12Im 4 ' ) ) 0 2m 4m 6m am 10m 12m  14m 16m 18m  20m
Time [sec] Time [sec]

W HEIRH WERE ARG

(7) ~ BB SRR A A A

GERTIEIBEBRAS S AT ISR - IR S IRIS P9 B B A R TESLH: - ORIy
SRR B —TERLRE » (BT T0) B o R B R L0 RV ol -
P9 MR IRI A2 5] — TR (hreshold) » BEREIZEAEL » MR IRIR 22 17 e
s -

14



2.5

'S

2 9
3:15
£ threshold
g ! 7 J

0.5 . :"" *
0 o & %
0 5 10 15 20 25 30 35

AP(Pa)

] (- L) B P 9 SR Sl 22 B 7 228 ol [

(TE& T excel B 1483,

Mg~ SRAUEHEIREEE
Fo T BEERG LRI SRR HHAVRIRE - B R DUESE(E RIBHEL T - (B TS s idn
7 HERGRA LR RS L - IR EBRATOEEINRGUR - AR E e Bl R

& HH IR W e SR A A B R -

—) SRR RIS SR
EWERG MR RN - T HIRARRE R - BRI R ER L, - FEf& SR AT
IS MERE - T REIRAVIEARER - SERk—(EEE AR (F7X) o MTERTSR S SR
BritaslFIfERYRZ A of o SERR LSRR AR BB S i B AR R - IR SROE
PR EREER « &g RS - TG SRAYAR R T H AR & SR AT AYIE
HEAREEAERT DRI AT DUHEBT HE T AR RN Ry S BRI © 8 ()~ (1)

U

FEEAMIR

(vortex rings)

[ (7O A SRR G (T & BT

15



Rt — EHHE RGERE ((EE 51T

e £ RS

& () SrARE S

E QAN =W ik e it

Bl FL) A EE S

) SREERIEH R (E A

EWERRNSNRERZERY]N > THIRAEREE R - SRR PR B PR G TR il L e e
th o ZRIMAER AP e BT ARE G T - M A ETREE S - AR SCRIE
th o ()~ B 1)

16



-

&= ) #IIRIR RS

(A B PR > SR ARRISME

()R AP > SRASERT IR A

(=)~ EERE R

BAFHRIF =T B A — (S 8T LA e A 5A LR DR BUREHY B L TR &S ERECSCRRR -
BRI T 2 AT REAV AR R NS 8 - L FEETRZEL (Stroke Ratio) ~ B5RAEL (Re) ~ FIHTRF S35
RIS (S » Eis o287 T8l (BB TR - O - BEWE » WHIHEG)
M RASETR ~ IEHIIFAY R ARE - Ehic R 28O RORBIREY R BRR 1 - S5 RETR -
RELESRUE BRI R B BB WIGR)V) -

fEAZEL L/D Sl HRASIVEFE L B204K D AYER(E o HrpEie R RS S HE B/ ME
BIVEEREE > IR

L:fogv(t) dt
V() R B Ll SR AR BN RS - (R PR FISER AR TR 2 AR - BiEss
PISMNRER 7= 2 IEAHRE -

17



T VEE L BRI AR R (%

(N SgRESZA - M @ BEER Y @ ARCER

Y4
s

r 2 D(m) A2 L(m)  #@ L/D  F

kY
~

0.0090 0.00064 0.071 N
0.0120 0.00098 0.082 N
0.0063 0.00056 0.089 N
0.0090 0.00095 0.106 N
0.0120 0.00131 0.109 M
0.0090 0.00159 0.177 M
0.0063 0.00119 0.189 M
0.0120 0.00230 0.192 M
0.0120 0.00262 0.218 M
0.0090 0.00220 0.244 M
0.0120 0.00295 0.246 M
0.0063 0.00157 0.250 Y
0.0060 0.00155 0.258 M
0.0090 0.00238 0.264 M
0.0090 0.00254 0.282 M
0.0063 0.00180 0.286 Y
0.0063 0.00189 0.301 Y
0.0063 0.00192 0.304 Y
0.0060 0.00186 0.310 M
0.0063 0.00205 0.325 Y
0.0063 0.00219 0.347 Y
0.0063 0.00220 0.349 Y
0.0063 0.00227 0.360 Y
0.0063 0.00235 0.372 M
0.0060 0.00248 0.413 M
0.0063 0.00264 0.418 Y
0.0063 0.00296 0.470 Y
0.0063 0.00326 0.517 Y
0.0063 0.00328 0.520 Y
0.0060 0.00387 0.645 Y
0.0060 0.00459 0.764 Y
0.0060 0.00535 0.891 Y
0.0060 0.00537 0.895 Y
0.0060 0.00674 1.123 Y
0.0030 0.00799 2.663 Y
0.0030 0.00980 3.265 Y
0.0030 0.01109 3.696 Y

Y

0.0030 0.01199 3.995

18

\_/

_
[e=




(V)] LURZRE] - EfEtE BRI RE 2 M T BRI - EEMELEAE 0 2 0.1 &
BN - SROMIE R > B A ERAPS B ST (MRS - SRR - e
CpaiEi i EREEE AN 0.4 1 > SRR HEEERAYHEAN - F S k(] - B pdE

PR EBERELL TY4Y 0.1 £ 04 Z [l > R EIRAEEREIEIRGE - ARFPIERR
Ao HRHE S RCRITELRE A R A it -

Vg~ &R

RERRIIRIE B E RN - RS IEEEAE « 28T > fEIRRER S » HRERSNATR
FRYRIE S Ze R D > HINANABERIME AL 2208 2% > (BB MR R - MR
FEHE—0 5 | SRS IR A AR FUR - RURMERIT S N SRR B A B AL IR —
B (HIPERS LR ) SN - S/ MIE B R RREIRIRE SRR A

-

~ R PRS2 ] S B 5

RO RIS EER (IRIER) BRRSn% S8 (AIRERRSHE - O EkmEHE - Y
RS ZHNBGRSEBIERNZBEZIRAR - HPESENAREE L EEER

Lo+1.45D » HiLo RyJF4aSHE ~ D R ERE

» AEIEARREL N RO AR L

RMEAERAE T EUARENE A BRI EN RN Z2EEE LD (FUR
BRI T EAIELE ) - ERELZMTE B - B IR - ek O B R
Zl o BERILEAFIEEANELE - RPN S - SEELLER 0 2 0.1
[0 - RORAE ST PR - WA S AP e B MRS N - RIP R E

i MR EROEER - BEEZEEEAN 0.4 B » FURESEERE I - RS2k - PR
EEUERIR o AR IR RIS G EER - MEERE MR ALY 0.1 2 04

Z [ RURBIREER A IEIRAS - ARG RIER - AR 2 REEE

T

+

EF

19



I~ RREE

~ WERS IS SR B 72 BRI ATt 2R ] B B R (R AL T 32 10 R 58 TR > SRR e M
—HHRABE] TR AERE] -

ARSI SRR EART - R IRE] > AR R R RS B SRR S MY B S
RS 3038 B i > 2R APRETHERG N S NBE 72 BT AR 2 FTHy R AG BE R 14 -

+ HAMER RO BRER i R PR S8 R EREIRRIT SeslE - BT Rak
1R RS IURR AL -

N~ SEREE

~Ja' fari, M., Shojae, F. J., & Jaworski, A. J. (2023). Synthetic jet actuators: Overview and
applications. /nternational Journal of Thermotluids, 20.

~ Gil, P, Wilk, J., & Korzeniowski, M. (2021). Helmholtz resonance frequency of the synthetic jet
actuator. Applied Sciences, 11, 5666.

* Glezer, A., & Amitay, M. (2002). Synthetic jets. Annual Review of Fluid Mechanics, 34, 503 — 529.
* SAGES. (2001). SV EE 22 kes < oA, BIILEZE R B TAE %1

- PEERESE S0 ENENEREEEmS S o ERR BT

20



[:=:% ] 160024

AR AF AR SRS AP ¢ R e AT o F R i

-~

FERHES  RATPEANAL LR TR EFNT - B

IS

5% % 2 VRl gk o

BREIF AL ST F A P R

s A B T F A PR o ERT M H B IR B

4

LFABAIR S FRIER o



	160024-封面
	160024-作者簡介
	160024-本文
	160024-評語

