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A Study on the Thermoacoustic Oscillation of an Air Column
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Abstract

Thermoacoustic oscillation of an air column induced by heated wires is investigated analytically
and experimentally.

Acoustic power generation from a single heater wire is estimated based on the result of heat
transfer analysis and expressed in terms of the efficiency factor indicating the conversion effic-
iency from heat to acoustic energy. It is shown that the efficiency factor becomes maximum
when the wire radius is the order of the acoustic boundary layer thickness and the flow velocity
is close to the thermal diffusion velocity.

Onset condition of the column oscillation is obtained by equating the acoustic power generation
at the heater to the power loss due to thermoviscous dissipation at the tube wall and the conv-
ection and radiationloss at the open ends of the tube. In estimating the acoustic power generation,
the heater is treated as a stretched single wire by correcting the flow velocity to take into account
the interactions between adjacent heater wires.

Experiment is performed by using a spiral heater of 1mm diameter in an air column of 37mm
diameter. The heat input to drive the oscillation is measured and compared with the theoretical
prediction. A good agreement is found between the theory and experiment, which is regarded as
a substantial verification of the present analysis.

72 & 8 & c : &< (sonic velocity)
a 749 A E C.  :7td4d Apelol Aol o3 RAA S
a* :7tdAY FA AE, a(w/a)t? E : B4 584 % (efficiency factor), 4](7)
* A3, AT FdE A AT ECP:3gA+ ES &9 A%

* A3, 34 Ed ATE3) L 3857



254

i e, (D

L 34 3o

Li @ TlA 7Hdo7Ax A#
{7t AY Ao

M v} (Mach number)

Nu : 74 =4 (Nusselt number)
P :oFd (pressure)

Pr : =354 (Prandtl number)
Q :olFo Y3 d A

Q :EAE TG AN e
¢ 4982 (heat flux)

Re : 43
rooiARY WAE
xRS 29% A%
T :e&x

T, 79 A F99 == (film temperature)
T. :FUHSS JFL=

t HE P4

U: : A4 %358 (volumetric flow rate)

Ur 17447 48014 7159 AE 45

U @ 7tA 99 A 44

O e A 29 ARdEe AE
We : 239 2y

W :egde 2e4

a 4B

r ey

v i EAAAT

z :3.14159

P HL- S

o BAAFT

H X

D2y 42 $aAE
A R

‘oot asol ¢ FRAY
P2l gl oo A4
1oEE Trol 49 E44
EFLE Toaj4e B4
(4B ERAAY R

T IS %>

1. M B

dolvx} 258 &3 d-&3 (thermoacoustic) ¥
AL F2 75 (air column)$] AFJo 24 FA5 o]

A 49 ".ol ¥ 3

ek d3EAFo2E A1 FHA dE FAA AR S
e 9% Rijke ¥, 7| F7 g 7He N4 39
bl ¢ & Sondhauss X %F, LA A singing
flame *} 43§ (combustion-driven oscillation), =2
AR L9 o4 ¥4 (combustion instability) &
' ARV P. 53 kBo] 49 I d& B9
Wil 4 Add = wdsle s FAF Rijke 2%
< b 44 deive dEAH dRE¥ANF W4
t}. Singing flame 1} 298] B9 A4 o4 L3
£&4 dale]l He d4A0%55 9%F49 Rijke g 2to
E ¥ 4 A

A5 5ol P§ 342 Rayleigho) 935t w2
Heen, 1& AFe] HAsA saAde A o
Aol 7 U Wl tAHAY A &% W Y FE
of gefz gk, o]Ae dLF¥FAF [H
Rayleigh 2z oz #e-¢A4] Hgleon, o =2AL
Putnam 3} Dennis®, Chu‘®e| 2|3}l Sejgo ey o
28y oz dyx Hs]TIL gz ad
I 4PN FY Fay FH4EL 49 dFAECO@
o ot Ak 2, WL A7 d_F
? e Azkaql d&& $3le] A Re] He 4R
2 A4 gfurdlo] glgly] Wl AFAF G2
AL d&3E 4 g9 o’ AdA, Fig 14 =4
g uhe) 7ol VAY Y sz shd g o s
7154 %o B3 Madarame®$| T F71¥ 13t
B 2E 13 949 A4 d3d SRy S=24
Y gald mAE J¥FE TFIHgoH, F¥YY
£4¢ M AAFAFY dYFEAE FEoEH
Ay AFE 2 49% F dgie. 28, M E

HEATER

!

AlIR
CURRENT

Fig. 1 The Rijke tube with heater wires
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