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O 1.1: Schematic diagrams of thermoacoustic effects as a prime mover and a heat

pump from a viewpoint of thermodynamics.
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a) Traveling-wave phase b) Standing-wave phase

O 1.2: Brief illustrations of fluid element oscillation in the travling-wave phase and

the standing-wave phase considering a certain temperature gradient.
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O 1.3: Brief schematic of the loop-tube-type thermoacoustic prime mover.
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O 1.4: Basic concept of thermally-driven thermacoustic systems.
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O 1.5: Photographs of a phase adjuster used in this thesis, which is a hollow circular
cylinder (left) placed in the flanged tube (right). The cylinder has the axial length

of 45 mm, the inner diameter of 26.5 mm, and the outer diameter of 42 mm.
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O 1.6: Measured FFT spectra of the steady-state sound in a loop-tube-type ther-
moacoustic cooling system (a) without a PA, and (b) with a PA, that has 45 mm of
the length, 20 mm of the inner diameter, and placed at 0.925 m away from the hot
side of the stack. (Graphs from Fig. 5 (a) and (b) of [12])
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O 1.7: Distribution of the sound pressure and the cross-sectional averaged sound

intensity in a loop-tube-type prime mover. (Graphs from Figs. 3-2 and 3-3 in [23])
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The change in the phase of the particle velocity brought about by PA is
schematically illustrated in Fig. 9. It is shown that the node of the particle
velocity with two-wavelength resonance without PA becomes the antinode of
the particle velocity with one-wavelength resonance after placing PA. This is
the effect of PA. PA narrows the cross-sectional area at the PA position of
the loop tube and creates a strong boundary condition in which the particle
velocity is accelerated. Since the particle velocity around PA is accelerated,

the position of PA becomes the antinode of the particle velocity.
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O 1.8: Schematic illustration of a presumed effect of the phase adjuster in earlier
studies. (from Fig. 9 in [12])
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Circular tube y Phase Adjuster

O 2.1: Schematic cross-section of a phase adjuster in a circular waveguide tube.
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O 2.2: Experimental setup for measuring sound propagation of a phase adjuster.
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O 2.3: Relationship between applied voltage amplitude to a loudspeaker and tube-

end sound pressure amplitude.
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O 2.4: Distributions of sound field in the waveguide tube without a phase adjuster.
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O 2.5: Smaller-amplitude distributions of sound field in the waveguide tube with a

phase adjuster.
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O 2.6: Larger-amplitude distributions of sound field in the waveguide tube with a

phase adjuster.
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® Results from measurements
3rd-order polynominal fit
12| - - - Estimation by PA model
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0 2.7 Amplitude dependency of sound power loss in the phase adjuster. (linear

scale)
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® Results from measurements
= = = Estimation by PA model
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0 2.8: Amplitude dependency of sound power loss in the phase adjuster. (log scale)
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0 2.9: Amplitude dependency of sound power loss in the phase adjuster placed at

several positions xpa

far from the tube end.
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O 2.10: Amplitude dependency of normalized sound power loss in the phase adjuster

placed at several positions xpa far from the tube end.
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O 3.1: Schematic illustration of the loop-tube-type thermoacoustic prime mover

model.
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O 3.2: Mean temperature distribution near the stack.
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0 3.1: Polynomial coefficients for T;,, [K]: dry air
pi [Pas] AW/(m - K)] ¢p [J/(kg - K]
Cx.,o —8.38278 x 1077 —0.00227583562 1047.63657
Cx1 | 835717342 x 1078 1.15480022 x 10~* —0.372589265
Cx | —7.69429583 x 10~ | —7.90252856 x 1078 | 9.45304214 x 10~*
Cxs | 4.6437266 x 10714 4.11702505 x 10~ | —6.02409443 x 10~7
Cx,4 | —1.06585607 x 10717 | —7.43864331 x 10715 | 1.2858961 x 10719
n = CM,O + leTm + CM,1T137, + C,u,3T7§-L + CM74T:711 (3.12)
A= CA,O + C,\lem + C')\71T31 + C)\73T31 + C)\,4T7i (3.13)
¢p=Cepo+Cop1 T+ Cep 1T + Cep 3T + Ce, 4T, (3.14)
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0 3.3: Critical temperature ratios for oscillation modes with varing the diameter

reduction ratio of PA at xpa = 1.2 m. (7stack = 0.474 mm)
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0 3.4: Critical temperature ratios for oscillation modes with varing the diameter

reduction ratio of PA at xpa = 1.2 m. (7stack = 0.392 mm)
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O 3.5: Numerically investigated critical temperature ratios as functions of the diam-

eter reduction ratio of the PA for various installation positions.

000 Dpa 000 200000000000000000000000000000C
0000 2po 0000000000000 Dpa 000000000000 00O0OCO
000000000000000 Dpa 0000000000000 0 2pa 000000
0000000000000000000000000
D000O00O0OPAODOOOOOODOOD Dpa/DODOOODOODODOODODOO
00000000 2pa 0 0.7500.9501.15 m000000000000000O000
PAOOOOOO Dpa/DO0ODOOODOOOGO Ty/Tc0O000000D003.50000
Dpa/D=1000000000000 PADOOOOOOOOOOOO e =293.15 K
0000 Ty =587.33 KOOODOO0000 2.00000000000000000000
00000000000000000000000000

0350000000 2pa 0095 m0O 1.15mO000000000000000PAD
0000000000000 000000000000000000000000000
0000000000000002000000000000000000 PAOOO
00000000 apy =0.95mO0000 Dpy =22mm (000 0.52) 000000
00 a#pa = 1.15mO00000 Dppy =24mm (D00 056) 000000000000



030 000000OO00OO0DOO0ODO0O0 43

00000000000000000 [12,22,36)/00000000000000000
00000000000000PAOOD265mmO000000000000000C
0000000000000000000000000000000000 0500 0.6
000000000000000000000000000000 265mmO0000
00000000000000000

O00O00000 2pa 0075 mO00000PADDOCODOOOOOOOCODOOOOO
000000000000000000000000000000000000000
0000000000000000000000000000000000000000

OD0000000OPAOODOOD 2pa 000000000000000000000
O000000OPAOOD Dpa O 40035025 mmd 000 Dpa/D 00000 0.9400.820
0.590000000000000000 LO00000000000 aps/L 00000
0000000000360 000PADDOOOOOONOCOOOONOOD 20000000
00000000000 0000000000000000000000000apa/L
002500 0500007500 100000000000000000000000C
0000000000000 Dps =40 mm 00000 1225 m 000 2.900 m OO
O00Dpa =35mmO0000 1.175m 0 2850 mO00 00 Dpy =25 mm 00000
1100 m0 2800 m 0 0000000000000 0000O0000O00000000
00 (1.10000 1.225m) 000000 [12,22]000000000000000000
1.1mO01.2mO0000000000000000000

03.60000000 Dpa 00000000000 O0O0OCOOO0O0ODOO0OOOOOOO
00000000000 00000000000000000 LOOD00O000000
00000000000 PADOOOOOOOOOOOOOOOO0OOOOOOO0OO
00000000 PADOOOCOOOOOOOOOOOOOOOOOOOOOOOOO
000000000000000000000000000000004.2000000
0000

343 0D0O0O0OO0ODODODOOOOO

000000000000 00000000D0 PAOOOODOOODOOOOOOODO
oooooobbbbooooooobobobobbbbboooooooooooooo
00000000PADDOODOODODOOODOODOOOO



030 000000OO00OO0DOO0ODO0O0 44

\‘! DPA/D:0.94 17

N

Critical temperature ratio, TH / TC

1.5
D,/D=0.82 D,,/D=0.59
(35 mm) (25 mm)
1 A A A
0 0.25 05 0.75 1

Installation position, xPA/ L

O 3.6: Numerically investigated critical temperature ratios as functions of the instal-

lation position for reduced inner diameters of the PA.
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O 3.7: Calculated phase lead ¢ in the stack channel as a function of the diameter

reduction ratio of the PA for the installation position zps = 1.15 m.
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O 3.8: Experimental setup for estimating the critical temperature of a loop-tube-type

thermoacoustic prime mover with a phase adjuster.
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