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: Test section

: Thermocouple moving device

: Thermocouple @ : Data logger

: Computer ® : EYELA,CPT-201
: Constant temperature bath

: Pump(heat) @ : Pump(cold)
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Fig.4.2 Schematic diagram of experimental apparatus

Fig.4.3 Details of test section
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Fig.4.4 Position of camera and gas laser
(front view)
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Fig.4.5 Position of camera and gas laser
(side view)
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(a)Outer tube temperature (b)Inner tube temperature
distribution distribution

Fig.4.6 Outer and Inner tube surface temperature
distribution

Outer wall temperature[ C]

ik I (] il | I

0 07 04 06" 03 1

Dimensionless angle

i

Fig.4.7 Distribution of outer wall temperature for eccentricity
to a vertical upper side
(R~=55.0lmm|,R=19.8mm),£=17|mm)])




(a)A photograph of flow (b)Streamlines by calculation
pattern(front view) (Ay'=110)

Fig.4.8 Comparison between experiment and calculation for
eccentricity to vertical upper side

(R,~=55|mm],R=19.8mm|,e=17|mm|,R;"=0.36,£=0.31,
#.=0.5, Pr=10.1, Ra=3.8 X 10°)

(a)A photograph of flow (b)Streamlines by calculation
pattern(front view) (4 y+==5)

Fig.4.9 Comparison between experiment and calculation for
eccentricity to horizontal side

(R~=55|mm],R=19.8mm],e=17[mm]|,R;"=0.36,£'=0.31,
@.=0.25, Pr=11.7,| Ra | =3.8 X 10°)

-82-




4

DHIN DS BRI > T3, zuznm.mrmvc IAFICH>TERTS
ALl DIEREIIZHR <, {-(Df'éf)l‘\]' BIZBVTIRATITH > T ER TSN 20 A
AL XS RIBICIR Tz, EHIT, AFICH> T ERT SO L A ilillmb;b £ Pl <
o TW5, Fig.4.9(b)IZIEFig.4.9( a}a)ﬂ,, WA Y3 D B br i K D Hi & 8 L 7=,
Fig.4.9(a) & IR LT, WO OFFETH B R Sinisxi LT :e:’l-'frz:z'mrf:»&ti&kfm fift T iz
BOTHELA, 2fNiihoietie— %Rk Lz, L L, N EBAHLI
BlFDmavid, FBks R & Blifghrasi R & TR »7. Figd. 9(a}'c-‘tj:1’~l'?‘r SR PN S
WTIE, AFIRIB> TERTIHNOSNBIERFMITH S, AFICH> T ERT 55N %
FIZERITHINE ZAA TVWADITHE L, Fig.-l.'?(b)('libb"fli%ﬂ&fijfﬁ IZNFIZH>TE
W9 DN R <, ZOEODHEITAFMNITICE TREL L.

Fig. 4812k LTc X 91T, KOEIE POzl % & F 22 W ST IR I & Bt Ut &
WL L < —B L7aAhs, &Rl Z2 SO MHRICE U TE, $5ICFigd4.90 X 512 15
293 &N D X 5 LR 5855, JEBRAE U & BAAEHTARS BT 2 R0 i ORI B
F5—8IT L EE o7, Figd 9D X 286, RSN X5 Rfiheis -

BEISARLEIITIR D L0 ) W OIS b OWSHICE D mbh TS, Z0OksH, Z
DE S RPEREITBWTIRERAKLZ LW EEZ 60D, Tz, BlifbricBiT s
e LTI, ARERE 7 fi 2 W 72 e LB B o S, Pt oL Y e h3 %
Zbhd., SNOIRTEMITH L TRHERT S, ZOXHdeilgEicsnwTiE, i)
Wz U THRNDBEET A EDBERIT L > T ad iz, Bdlifgbric B v Tk koo
ELTHEH-TVBED, MPIRTtEZ R LEES, LOmMIZBTaiinERrLTWS

PEWEITRT T ENRTERY., ik, “.*#M&;Hf: Z Wz B oIS U T,
AR L7 & D IZHBRIT X o TR SN AFRERUE 0 X 0 %z ko, Fhzilhics
FBEERERGEME LTHWES, FHITZ DL 5 2l h stz 384, ,}\ar)f-;_uum
Bl EBRIZHIT B EREME i & TG FOERH Y, ZDX 5 REHBL2EMLTNIC
BERIFLTWDHEEZLNDS. KRIT, ABAEHHTIZE T 2SI BT afm.,m.,
BELNFITBT DI LE Z R L T2TH > EREZBRIE L ERL, ZOREIZHET
M NT VWS, £, FHZZOX S ITlh LR bcH L TR2ash s X
IR E R B, BREIZB T2 ZMTT2Z LB EYUTHEILE I DL NS
MELEZZ RS, WTFhIZE X, BTz B0L TR IR Z TV
EBEZLND

Fig.4.10{Z 13 Fig.4.8(a),(D) DB AT 31T 5 108 J5 101 T O IE H 1 53 A D FB0h5 UL & Kl firt
PR e Dz R Lz, KIZBWT, Bl B o i cmisz n U, el zp
DEEZRT. LRI EEIZOW TN B ZH W TEHEL, n=0THNE%Z, n'=1

-83-




Temperature ,T[ C]

] ! T T T T T T
=0 1]\;\;‘.['.mr11|:.

=180

(Experiment)
¢ =0 (Calculation)
180

(Calculation)

14 ]

12 !

10 A
¢

R R -

A AaaSﬂo_/
(). )
T 03 04 06 03

Dimensionless r direction, n

ity
o

Fig.4.10 Dimensionless temperature distribution in the case of

Temperature ,T[ C]

eccentricity to a vertical upper side
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Fig.4.11 Dimensionless temperature distribution in the case of

eccentricity to a horizontal side

(R,=55[mm],R=19.8]mm],e=17[mm]|,R:*=0.36,"=0.31,

@.'=0.25,Pr=11.7,| Ra | =3.8 X 10°)
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Fig.4.19 Stream lines and isotherms for eccentricity to a
horizontal side(R;"=0.5,£=0.3,¢,=0.25)
(a)Pr=12.3,| Ra | =2.7 X 10°
(b)Pr=11.7, | Ra|=5.0 X 10°
(¢)Pr=11.1,| Ra|=7.4 X 10°
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Fig.4.20 Variation of heat transfer rate for
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Stream lines and isotherms for eccentricity to a
vertical lower side(R;"=0.5,£"=0.3,¢,=0)
(a)Pr=12.3,| Ra | =2.7 X 10°
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Fig. 4.22 Variation of heat transfer rate for various orientation
(Pr=12.3, | Ra|=2.7X10%, Ri*=0.5, T=0[C], T:=4[C])
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Fig.4.23 Stream lines and isotherms for vatious orientation
(Ri*=0.5,£=0.3, T=0[C|, T,=4|C|, A ¢'=12,4T"=0.1)

(2) " =0.5, (b) ¢, "=0.25, (c) ;=0
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Fig. 4.24 Variation of heat transfer rate for various orientation
(Pr=11.7, | Ra|=5.0 X105 R*=0.5, T=0[°C], T.=7[C))
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Fig.4.25 Stream lines and isotherms for vatious orientation
(Ri=0.5,£=0.3, T=0[C], T=7|C], A ¢'=%1,4T"=0.1)
(a) @, =0.5, (b) @, =0.25, (¢) g, '=0
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Fig. 4.26 Variation of heat transfer rate for various orientation
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