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Abstract

Conjugate natural convection in double enclosed annuli between horizontal concentric cylinders has

been studied by the numerical analysis and experimental measurements. The interface conditions be-
tween the liquid and the solid of middle shell are obtained through the correlation factor based on
the ratio of solid to fluid thermal conductivities and the Prandt! number. The characteristics of con-

jugate heat transfer are discussed under various dimensionless parameters such as conductivity ratios,

shell thickness, diameter ratios, Prandt]l number, and Rayleigh number. It is found that the average

equivalent conductivity K., does not depend on the conductivity ratios and shell thickness. The K.,

however, depends on the Prandtl number and the Rayleigh number.
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Fig. 3 Experiment set-up
Table 1 Experimental conditoins
Contents Conditions

Brass shell

24mm, 36mm

200°C

SUS, Brass, Mild steel
38mm, 56mm, 62mm
56mm, 92mm

7mm, 13mm, 16mm

Heater material
Heater OD

Max. heater temp.
Middle shell mat.
Middle shell ID
Outer cylinder ID
Annulus gap

Annulus fluid Air, Water
Rayleigh number 103~10°
Coolant flow rate range| 2~3//min
Coolant temperature 5~10°C

range
Power supply range
Conductivity ratio

(k:/kf)

DC 15~35 volt
25,79, 184, 550, 1669, 3956
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AH8-3le] vehvde At Table 26 Foj 3 el o7 A
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Table 2 Comparison of numerical and experimental dimensionless temperatures

Condition Ra=1.0x10° Ra=1.2X10*
Pr=8.0 | S=184, Pr=9.5 | S=550, Pr=0.7} S=3956, Pr=0.7
(SUS/Water) (Brass/Water) (SUS/Air) (Brass/Air)
Content Exper.| Cale. |Calc.*|Exper.| Calc. {Calc.*|Exper.| Calc. |Calc.*|Exper.| Calc. [Calc.*
Dimensionless
Temperature
Middle shell
R=R;,
6=0 0.64| 0.60| 0.59] 0.48/ 0.52 NA** (.45 0.47/ 0.34] 0.41] 0.42; 0.009
O=x/2 0.40| 0.40| 0.37| 0.37] 0.36 NA 0.39] 0.39] 0.31] 0.40 0.40| 0.004
0=z 0.13] 0.14| 0.14] 0.26( 0.23 NA 0.34 0.34 0.26] 0.39] 0.39 0.001
RzRioi
0=x/2 0.55 0.50[ 0.38 0.50 0.46 NA 0.41] 0.40| 0.21] 0.41] 0.41] 0.004
Computer time (sec.) 1,200 1, 300 1,600! 6, 000 900] 3, 600, 1,800, 300

*Not considered by correlation factor (a)

**Not available convergence
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JAE Al4te] sHEdlgdeh o] A% EHZEMY M
e Frz stz 2uQulzH AT Ao
5, 714 a7t 2o g Az 2 gk AF ®
K +50%#E7 Ve SHEREE 7 4857 £
25988 ¢ % ek SU H% AR A$ 5=3956
dAE i Axzd RE BES Foz Vel
on, o|AL WMEEE LY FEAite] fuHe] UEt
g Aolth

Table 24 Vet A& AdAdoz E43d ud ¥
gaol [EEMol IEMEEGELNA correlation BT-E =%
A wEfEe} FEMEAA Aoz HF 5%H =9
#mEr JElda FAHOE B 12%9 RETT 24
Helvh o]R¥ KIL conjugate HRAMERMEE
2x" o2 E7 ¢35t A =¢ correlation HFE A
etz HL35E Lads REES JE5AA T

4.2, |ERT EHO| HE Fik Y FEBHT

Rayleigh #, Prandtl iy ® A &3] (Do/D)ell Wit
g (streamline)s} £WHA= 74 Fig. 4(2) 4} 4
(bl velt glek. Pr=0.7, S=5504]4 Rayleigh
Bt 2x10°0Q ASele 43Uz A 4A 5

=2xto3
i pr=07

Do/Di=78

Fi~. 4(a) Streamline and isothermal contours on
the effect of Rayleigh number and
diameter ratio (Do/D:)

f pr-s0
| Ro: 10x10°

\ s:ie4

Fig. 4(b) Streamline and isothermal contours on
the effect of Prandtl number

B|EEZF ofist ok o] A& Rayleigh il A& =
fpEst @ ol dAgo] dojvx Y EA
gte}, 2V Ra=1.0X10° ol A Fifge £3 W=z
A Tl & Jehie =3 BESHE AT ER
BERERR Qoivtx gz 43 243 fringe 7}
uhyatm R qlshe] AR Tl A Bt BdEiEe] =+
& dejvtm gl-e¢ vehdsh FHEEY 4& Fd
o] &Eigo] Ao HolE AL Prfvt A S
o) AWA i Aol iy Aolo BEERE
7t Hejxlmnz gdod dAbeltt,

A2 (Do/ D)7t AR 7% (Do/Di=1.8)4 &= B
e A HEe vz sl vebda glee i
Bel FLBe] o AR=E ol FHIL gk oA H
FAzRge] 7tAe] vta AAZ REES XSl HAA
=22 3 A&7 4L o (Do/Di=2.5)2% 4
oAt gy HEEz gAE e

Fig. 4(b)ell 4+ 72 Rayleigh #s} S gtell i she
Prandtl 9] <3kl el gleh. H74 53 &
B Ae Ave B oA Fozon oA
Prandt] 87} 22 A(Pr=0.7)d+ FH 29
Mol ojuzmw slo|o EEEI HARe T Al
= EEE/} AAE Aow Jebdeh o] A= Kl
ol [Fpge) BfEEELE A correlation RF a=f(S,
Pr) A4 ¢4 Prandtl #o] 932 4495

4.3. ERIT HEO S HE HEEES
A5

BT %E svEEE K, o 980 e E2E Fig.
56 EA =gk S=25 Pr=8.0 2831 Ra=1.5X%
1049 QoA i AdAE 078 FA HFE 70°
7#HA A8 K,=2.33==2 T4 Jeigesd, 4
FgNA e Ko=5.894 1.57x FA3A] F4L3e
Agko] Ele}l, 2Elvh Pr=0.7, S=550914& A
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Fig. 5 Local equivalent conductivity profile at
middle and outer shells
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Table § Average equivalent conductivity effect on
various ratios of solid shell to fluid the-
rmal conductivity and shell thickness for

Ra=1.2X10*
K.
Parameter
Pr=0.7 Pr=38.0
Conductivity ratio
(ki/ks)
S=25 1.71 1.76
S=179 1.72 1.75
S=184 1.71 1.74
S=550 1.71 1.75
S=1669 1.70 1.76
S=3956 1.71 1.74
Shell thickness at S
=550
2mm 1.71 1.75
4mm 1.72 1.76
6mm 1.70 1.74
< QiAo & #fgEzte] He ohE AR ¥t

BEEE] Aol A At o) AL FEFEKRE
o] FEEMEN A A28 $ e 7 $eolvh Prandtl
B 0,725} 8.0 A Keotol AAH o & 2

Aoz vyl 2822 K,vS9% 4 FAde
o8fo] glowl ¢ ®x| Prandtl el 4= o] &
+ ¢+ Uk
Fig. 6 ol 4= Rayleigh #efl aigt K. 3tel @3%
S
Fa }
4
3.E+
3|
250
2t
1.5
H 2 L i " 4
102 103 T 109

Ra

Fig. 6 Average equivalent conductivity effect ve
rsus Rayleigh number,
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Pr=0.73 8.0 W3t vehigiet. o7ld ZAH
e B AF sABmEdaAdd K.o#e 3Tsld
QA2 Aolrh Pr=0.7¢]4 nr} Pr=8.0614 K.
| the 2 HER ez dEE ¢ 4+ drh o
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= K.o=3.432 Fo]zlon], &]7 4 Prandtl 7} 0.7
o4 mrh Pr=8.0ql4 ¥z v} & A% ¢ % Yok
w2} K., =f(Ra, Pr)st ¢ BFRSE ekl +
g & Aolch. Rayleigh Bt 10° Ll koA Fe] 2x10°
7R A Lree FAAE HHEES HREE 5%0
Aol A ozl o} o] odglel,

Koo=0. 214[Ra(Pr)°-06)0.222 (30)

=g

5 % W

KEF 2 H BREHEHAA conjugate AR 2
BE Hoe A=A ool 2 A& A9k

(1) BREFES o &7 BEMITIA Efssl ik
2| ZhEEAL gho]l ¥ BEMEHEEM A correlation H
FE AHEshe] AEe AdE A + 9z HER
BE &9 4 9.

(2) S(=k:/ks)7} 25,184,550 2 3956 & 73 2o] o
shef TR SHEMEH A2 vl @ Hgod, AAdes
Ha 5%H LY PFE velgn S0 s KK 12%
o] Ryl vehidel ol RS BRI Adx=E ¢
A ARt

(3) el M A9 AEHZRKE Ss =4 W
d=ts FY SHANE K.3e 2hsdgn F
B2 FAdSdE Ko 39 932 (sls Aoz
viebykel

(4) Rayleigh o] % Koo dl 992 Pr=0.7 2
o Pr=8.0¢4 th£ & Aoz Jelgeos, AsA
© = Rayleigh 87} 1003 10°H 8 &, BiREESNA
475 Ka=s(Ra, Pr) aA4& 29+
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