[2R2 sz

LAV

2 HF—F U Y

Science Tokyo Research Repository

Od/dodn
Article / Book Information

oo(@o)

Citation(English)

Type(English)

gobbobbbuodgooobobbobbbuoogoon

OO:00000),

gobooobo:0Doogod,

gobob:0o041310,

00000 :201el 50 3100,

gobboo:0oog,
gob:bobbo,gogoao,obobbo,bogoag,uonooon

Degree:,

Conferring organization: Tokyo Institute of Technology,
Report number:[0 0 413107,

Conferred date:2016/5/31,

Degree Type:Course doctor,

Examiner:,,,,

Outline

Powered by T2R2 (Science Tokyo Research Repository)



http://t2r2.star.titech.ac.jp/

oo obgd

oot obobobog
gotugougooood

goddod goooogoda
g ogdg

2016 O



oo

ggodooooobobobbboobododgoooooooboobobbbboooogooo
gobodboogobobooboobbooboobbobobooboobboobnoon
gogooboboobbbobboooooooooobooboobobbboooooooooooo
goooopobbobobboooooooobobobobbbbboooooooooooo
oooooobobobboooooooooobobobobbbbboooooooooooo
goobuogoobgoogoo

gobogbogboooboobooboobboobooboboobooboo
ggodooobbobbbbooooooobooboobobobbboooooooooooo
ggodoopoboboboboooooooooobooobobbbbboooooooooooo
ggoooopobboboboboboobodddooooooobobooooooooooooo
goooboobobbbbooodoooooooboboboooooooooooooo
ooooooobobobobbbobotbooooooobobobOooooooooo oo
0“ Phase Adjuster”(PA) 0000000 20000000000000D000O0OO
oooooOoooooooobDOobOoboboobooOoboUobUoDbDOobobD 10DOoboOoOo
gogboopobooboooboobboobooboboobooo

ggodoobobooboobbboooooooooooooboobooobbbbooogoooo
goboobooobbooboobbooboobboboboobboobobooboon
ggooooobbobobbbootbodddoooooobbbboooooooooooo
ooboooobooboo

oopoOos00000000

ol00oooboooooooooo0oobbo0oooooboooobboOo0ooDoogoo
ggodogoopobbobbobbootbodooooooooooobbbobooooooooo
gogboooobooboboobooobooobooboboobbooboboooobog

02000000000000000O00O00OD0OD0bOOobOOoDOOobDOobOoOobOOon
gooooobbobobbbooooooobobobobbbbbooboooooooooo
oooooobobbbotbooooooooobobobobbobbboooooooooooo
ggodoooobbboobobbboooobbobobobbbooooooooooooobon
ggodooobboboogoooooooobooboobobobbboooooooooooo



ii

goboooobooboboobbooboo
030000000000000O000D0O000DO00ODODDOODODDOO0ODO0ODDbOOnn
ooboo2000000000000DOO00DOOO0ODOOODOOODOOODOODODODO
ggodooopobobobobobbooooooooobooboobobbboooooooooooo
ggodooobbobbbbooooooobooboobobobbboooooooooooo
ooobooooooobobo20o00o0o0o0ooobobobooooolobobobog
oooooboo0obOo0obUoobUooboo0o 2b00bU0o0obO0oOobODOoooDbOOoobDOg
oobodbobooobooboobbooboobbooboobboboboobooo
oooooopobobobobbboooooooobobobobbbbboooooooooooo
gobuogobooboo
o40000000000D00DO0ODODODODODOOOOOOODOODOODOODOD
gobodboogbobooboobbooboobbobobooboobooonboon
ggooobbobobbobooogoooooooooooboobobbbooooooooo
gobodbooooobooboobbooboobboboboobboobDbooboon
goooooobobobobbboobotbodoooooooobobobbbboooooooo
oobooboboobooboobboobooboboobooboboboboobooo
gobogpobooboooboon
Os00000000000DOO00DO0U0DOOLOO0OU0ODOObOOOODO
gobbooooboobdooboooboboobooboobooobooboonboo
goboobogbooboboobooboobboobooboobooboobooon
ggoooopobbobobobobootboddgoooobobobboboooooooooooo
goboooboobobooboooboobboobboobbooobooobooo



L] [

010
1.1
1.2
1.3
14

020
21
2.2

2.3

2.4

2.5

2.6

030
3.1
3.2

oo

googon
googon
googon
googon

googo
goog
gooon
22,1 OO
222 00O
googon
231 00O
232 00O
googon

I

O e

gogooogood

I
N
I
I
OO0000 . .00 e e s e e e e e e
N
I 0

24.1 Two-sensor O . . . . . . . . . . e
242 Two-sensor DO DOOOOOO . ... .. . v ..

243 00O

googond
251 OO
252 00O
253 00O
254 00O

goo .

I 0
I

iii

11
11
12
12
14
14
14
15
17
17
19
22
23
23
24
27
29
31



oo iv
3.3 O000000000000000 .. ... 0 oo v e, 36
3.4 O0000000000000000 &« ... 0 oo v e, 38

34.1 0000000 O0OOOOOO0OOO0O ... .. .. .. ... 38
342 O00000000 ... .. i ittt e e 41
343 0O0000000000O000O000O ... ... ... 43
3.5 OO00O0O0O000 ... . e e e e d e e s s 45
3.6 OO0 . . e e e e e e e 47

040 oo00ooooooooooonogo 49

os50 oo 51

oad 55

oood 56

gooooao 60

gogoooog 61



10

L] [

1.1 00000

ggodoooooboobobboboobooddoooooooooooboobbbuoooo
O000ooooooooCco,000oo00onooooooooooooooooon
goodoooobbobobobbooboooooobooboobobbbbbooboooooooooo
ooboobooobobooboobobo0obooboboboboobooobobooboon
oooooobobobobbboooooooobooobbobbboo0oooooooooo
ggboooobuooboboobbooboooboon

ggodoooooobboboobobbbooooodooooobbboooooooo
ggodooobbobbboooooooobobobbooooooooooooooooo
ggodoooobboobobbbbbooooooooobobobboooooooooooo
goboobooooobooobbooobbooobbooobboooobobbooobo
gooooooboboboooooooooobobobobbbbboo0oooooooooo
gooooono

000000000 0D0O000000D00 RottOOODOODOOOOODODODO
[1,2]00000000000000000000000000 StirlingO0OO00O([3]0
ggooooooobobbobbtodoodooooobbboooooooooooo
000000000000 0000000000000O0Stirling0 00000000
goooooobbobobbbbobooooooooobooboobobbbbooooooooo
000000000bO0000bO0o0b0obDo0oobOoobOOooDoobOoDOo1200D00
gooboobobobbbooooooooooboobobbbbboooooooooooo



o110 oo 2

Ty SRS HRAIR T

B
& iy T
’]]:'L\E‘ /\OUH /\“"]7»_4
(i) (ftg)

B

T (EEEYR S iR

a) JRERK b) b—RR

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.

0000000000000000000000000000PADOCODOOOOOOO

ooooobo0oboobUooboboo 3boobUooboUoooDbooooooboooboog

O0PAOOODODOODDOOOOOOOOOOOODDOOD 2000000000000

PAOOOCOO30000000000C0COCO0O00O0OOOODOOOOOOOOOOOO

ggodgogobboobobbooodggogoobbobobbobooooooooooon

0003000000000000000000000D0O [7,340000000 PADO

000000000000o000000 PAODDOOOOOOOOOODODOOOOO



020 0000000000000 29

14

® 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.
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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.

000000000 (32) 000000 ¢(0) =arg{U(0)/P(0)} 0000000000
000000000000 000000000000000000000000000
0 Migop = MyMsM,M;M; 00000000000000000000000000
0000000000 zpa =115 mO00000000000000 ¢0000000O
O00Dpa/DO0000OOOOOOO370000000000PADDOOOOOOOOO
000000000 ¢00000000000000000000000000000
000000000000000

35 DOooooooo

goooooooobobbbbobbooooooooobooobbbboboooooo
ggodoopobbobobobbootbodooooobooobobboboooooooooooo
000000000000000000000PADOOOOODOOOODOOOOOOO
ggodoooobboobbobbboooddoooooooooboobobooooooooo
goboooboooboobboooboo

0000000000000 DO0O0000bO0OD0O0O00O0OOo3800D000O0 42.6
mm 00000000 (0D0)3.34mO0000000000000DO0O0OOOOOODOO
0000000o0oooooooog 50 mmO6e00 cpsi(CO00 0.9 mm) 000000
o0o0ooO0obOOo0oOoOobDOo0oboOoOoOgD 103 HzO0O00OODOUOOOO wr, OO0 300
oooooooboobooobuoobuoooooobooobuooboobooboooD 14



030 000000OO00OO0DOO0ODO0O0 46

Commaid vaue  p=42.6mm .~ Phase adjuster

Xpa=1.15, Dpy=26.5 mm

Temperature Thix -
controller
. Recorder
Electric power = 1 (FFn
\ 4 o
Electric heater

Sound pressure

bHeat exchanger Thermocouple measurements
Il

Heat exchanger \ y

Circulating water

Pressure sensors

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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