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Effects of Bottom Inflow Area on Pool Boiling Heat Transfer
in a Vertical Annulus

Myeong-Gie Kang and Joo-Sik Yoo
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Abstract

To investigate effects of the inflow area on pool boiling heat transfer in a vertical annulus, the
inflow area at its bottom has been changed from 0 to 1060.3mm?. For the test, a heated tube of 34
mm diameter and water at atmospheric pressure have been used. To elucidate effects of the inflow area
on heat transfer results of the annulus are compared to the data of a single unrestricted tube. The
change in the inflow area at the bottom of the annulus results in much variation in heat transfer
coefficients. When the inflow area is 113.1mm? the deterioration point of heat transfer coefficients gets
moved up to the higher heat fluxes because of the convective flow at the bottom regions.
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A7N Ve [ RS ALY ARE 2y
B, Det L& 77 By yAD 7120l
dugt. Tt Fuo 4Ad Al £33z
& HERTE e e

4% A¢ 2 AFol W@ 29Uz 2%
05% olth. Afr&ol vid BHAEE AW A5
oA UE BHUEE A AL 5Y9 2
F4Es} olABZ AYW AR Fozyy
7% 4 ook webd D4 c10%e] B
T8 7HAY EAHT 250 g BEgdsE o
HAd AHe o, AR oA, agn AZ7)
HEeats oz veld # glod, 1 e
03K °lth 3, dAGA S 3 A==
4 /AT, A%E AR BRHY, £10%)
£ 7 & Aoz Hridd.

3. 80 9 ER

Fig. 25 3 4309 R AXF &
5o S2udd 374 e 94ge W
Vel ek @3Ezke] g A4 #43
ol gl wEREE M=z vasd, desg
o fH #9d dHde A7 we M=z
2 ¢ <5kWm’Q A IR wLE
Bol nate g 249 54L HAFm ¢
o ¢ >50kW/m’Ql A§ 449 4L 4,9 @
o we ¥ kA Age et 4, >0.039
Ae BAFVL GYFHA HF FAE A"
54< Jehich 2849 4, <003 B¢ &
FF0 i dADGLe LR E vEte] A

o}:] rulm iz



608 # v

A Zagrt ol2d FFL D=16.5mmE AH&
& Kang®9 ZAFpoe A2 thzr} Kang®e
4EE AGEd 2o Av|eh FHEA
SdFE diH 4E dd9EAE 294E B
s gl vlxg Agd dis A ARt
AE g2A Yeys FE 4Ude BEIY
EMREA S Aol & 4= glt) Kang”ol A
43 F4F0 FMTEL 19.5mmYol vl
£ dFddA AMEE EATEE 10.7mmelt E
ARl FolEA HAH FAFTE Ul 7)|x9]
g Fo] dAste] EAG o] dAGA F
et 2¥AT S S F2IF 239
grHA e F& M9 4 FE AE 39
d FHHE & 7Ixglgd o3 g 54
o] ¥3H¥E AFS YehiA HE Rolgp®
Fig. 29 9J3}A A4,=0.59°1A4 7} 348 |4
9 54E RoFH, 40 olEth ¢ & F$ &F

J

[

£

() TIC3

v (€)TICS

ige
.A@éégg
"gaa.§§g§§§§§§§g5g

L

o 50 100 150 200
q", kW/m’

Fig. 3 Plots of hb/hb,single Vs q”

9 A4,=0598 7tAE SAFHe Adsid 9
Fret A4,=000%0 T wEo AT,,=
Z+z} 23.8%(6.3—4.8K)S} 34.2%(7.3—4.8K) 24 s}
Rov, hye Zzh 32.1%(23.7-31.3kW/m K)}
51.9% (20.6—31.3kW/m’K) Z7}atgth o2 @
A%g AHE o 5y $3FRNA Ry
28 AdeA 22¥orA AL FH 5
E HU3 ¥ + U ¢ g

olgjgt 7o dig YAL AAsHA A5l
Azl GHUE A YA F2FAGA
& AAstan 1 A3E Fig 39 YehiAh
T/Cl1] e A#E AHBY, 4, o] I
* ho/Py gingte’D) L DHrE0] 30kWm® A B¢
de 129 & g 7HAG7 €45 St o
2t AxA o 74t 129 e ge AFL
& 5 Atk FREY FA Fdol S AT
3% AREL FA Yol WAdHY. o A¢
A3 oA FEdte 71X ste 9
A N2 BEHE 35 24 59 dFe= &
7Z1xgoig7t wAg. welx J1E FAo] A
2 A EfS F9oAE SuG AT 9
3 EAGAFIE FrlstA T 1d RS 4o
AGgo] weat 7|x9 wjEo] AFER Gl
et dAEAT F717 E8EHE Ao 24§
otk @H, A, #o] Bz 2 F 99

fr&o] Holx dAdASFY 77t £8
Ax7t R er Fo 53] 713 Holjd
EAME BAFE 4=0599 A SAF3
Qe ddRBY B A9 fAF ddg
Ak Blwd F3k GG AT T/C3
oz sy FAFzR Ot A=
AT 717 E3HE FEE A% B
th W, 4=0599] ZALoE vdRE9
2 @ €d2AsE HAe AE ¢
Ry ginge 2 Fole HEE Y
TIC5AA EHE 4 gk T/IC5S A AN F
ARE AT A9 RE HPAFE 120}

[ru%F[l‘ "

3
s

o R
yo @

30
[41
o

S o R 2 2 R Mol o
oX.



ﬂ@%&%m
g
Jdo
fu
=
8°)
)
2
+
)
e
0%
ol

)
Y 2
nﬁl

F 8ol 4f&
ﬁlTZ}«l v 7k 19 2H s} ¢ >90kWim
JolA™ o wjgo] 18 Folyoh FH<o)
F7tge] wet oiF f5o] dAgd "HE 9
T Z2dA Ho, duSEEst FE d4g
NFE 2GS FA HAAD dAGAFE 7H
Hlgo] 19 2HsE A& ehdo

Y IEHE GHFS IR S S4TT
o EA tgo] A vXe 4FE 1HE
71 98 2 d79 A3(D=34.0mm, $=10.7mm)
£ Kang®9 AF(D=16.5mm, s=19.5mm)%} A=
Blusta I ASE Fig. 40 JEAY. &3F
ol YE GIAFEY AF ¥k dAZATE

o (@sindetube ) A=10614m W
ac " o
4 "] | jgllw)
g g " O
NE 20, Hii .. DDD
E al "o
= = g
2 som |
W :
=684.5mi” ® | (d)A=7O7.EeM
©A .-.. o ) Ay oo
X P e
(n)
E 20, s 00 s
= | lpia) oo
E .E;DDD BEE!
o1 BBD !BH
LR "
(@ASRIIT | (HASSsEMT
" aB0°
£ P anfio
Ex .-DaD .
s 2onad o
= E':'DD o
‘:-a 10| EE ...
n
o §
(o) A=t76. 9t oo (h) A=0.0mnd* o
v .i. o2
Né 20 !l.. DDD an
=5 n
5 iig DHE'.
-, 10 iiii EHEH'
= -
nD 50 100 150 200 50 100 150 200
q", kwin o', kWit

Fig. 4 Results of two different diameters

Y

Wy EHlsdAGd WAL 9% 609

7HARA o] #4FE 7INA HE EANTA
uet FAGAF7E A2 dz2A Jehde, 3 &
ol Aol @ ME g2t 4;>353.8mm’¢
¥ s=10.7mm¢ AL © & dHgASFE 7}
A7t Ap=176.9mm’7t HA F EARA g
dAGATI HNE AY ZE #%e /XA o
-2 Al ol YE A4;=0.00mm’Q B$
dAZAFE 5=10.7mmQ F$ol i dALA
F7F s=19.5mm¢l AR o 9 #E X
& & & ot olEd AFL skl EoleF
FAF0 o PAHE 71xgolEy &%
o] @Al nA& Pgo] Fr8l7] o))
FEGAH LS YelEe 430 O4& ¢
AeA o Wag Fig. 5o YeERAAT HE
Astd Wl 1A N2 e 95 dd g
HatE Yegudeh ¢ <60kw/m® ¢ A% A9
F7te EABATY F4E AT 28A%
¢ Z120kW/m’Q) B$ole 4,9 F7tel we 4
AdAF7 FAA 22 Frtstthrl 4, >0.59
Aeole QAGASFI BAsE AFL U
ohoolE g AP SRHFERE FYsSE fA7
BotAHA A& =7t DolA 1 oA 2A
e 71¥ &2d ¥ eF a3y Fas)
fEojth, ¥, HLE 3t g4 Yl
Kang®9] A= A4 <02 2 ASdEs 2 4F
At A9 FAte AYE e 28X

).

_ll-ﬂl =Y,

50
s,mm q",I(WImz
30 |60 | 120 | 180
195 [—o | o [ [
40 107 | —=— | o= | A~ | —w—
V\v
0 /v p
. v W\v/
—a

4

t

. 37&#@;_;
E=4

00 02 04 06 08

Fig. 5 Curves of h, vs A,



610 7+ 7 -

[o]
=

ARkl FEA FAzkl Folzk Ud A
%ol F7MHEA 1 Fol7k FrRT 4@ 3
ol me QHBAS PR BA BFo] FL
A% & o 29aA vehde & 4 o

4. Z E

F3 GAFIHD-340mm, s=107mm)S] 3}3
T2 GEAo] dAgAF A 9FS B
3171 A3ld 0< A4, <071 Y99 st Ay
< FYA. A9 F3 5gE By B
A 7] st BFFzel Qe vdRF
EAHFol & 7]1EY AF AYE M=
doh F9 4L g3 g

(1) 4,9 ¥3dE: A4 Fd &
39, 2 avs EAFE0 Je5E
8HA YEpd T

< AdsA 2d¥qozA
DUYRE B 84 & dAYAFE XA @
F AL EE, sIRfEHA 43T Y
Bus dAd9AT U E3Ee dAE 9A
ks

T A

3) 2 d7dAME A4,=0590A4 713 =
A BG4S BAFH, 40 olrt ¢ & 7
§ Edgo] #gadE AL ¢ F Ay

(4) &332 BAREE F o Eolm, A4,
e T 9 dUstA HsAAReRA J&
d7ARRY P AAE & F AN

(5) #3 BH4FRE ADets dngr] QA
28 AESHA AcigozA F4E o

o] =F& 2006% <HEuistn EAME =3
A A A 9t dTFHAS.

ikl
ror

e

(1) Chun, M. H. and Kang, M. G, 1998, “Effects of

Heat Exchanger Tube Parameters on Nucleate Pool
Boiling Heat Transfer," ASME, J. Heat Transfer,
Vol. 120, pp. 468~476.

(2) Chung Y.J., Yang SH, Kim H.C. and Zee
S.Q., 2004, "Thermal Hydraulic Calculation in a
Passive Residual Heat Removal System of the
SMART-P Plant for Forced and Natural Convection
Conditions," Nuclear Engineering and Design, Vol.
232, pp. 277~288.

(3) Yao, S.C. and Chang, Y., 1983, "Pool Boiling
Heat Transfer in a Confined Space," Int. J. Heat
Mass Transfer, Vol. 26, pp. 841~848.

(4) Hung, YH. and Yao, S.C, 1985, "Pool Boiling
Heat Transfer in Narrow Horizontal Annular
Crevices, ASME J. Heat Transfer, Vol. 107, pp.
656~662.

(5) Kang, M.G., 2002, "Pool Boiling Heat Transfer
in Vertical Annular Crevices," Int. J. Heat Mass
Transfer, Vol. 45 No. 15, pp. 3245~3249.

(6) Kang, M.G,, 2006, "Effects of Outer Tube Length
on Pool Boiling in an Annulus with Closed Bottoms,"
Trans. KSME B, Vol. 30, No. 8, pp. 746~755.

(7) Fujita, Y., Ohta, H., Uchida, S. and Nishikawa,
K., 1988, "Nucleate Boiling Heat Transfer and
Critical Heat Flux in Namow Space between
Rectabgular Spaces," Int. J. Heat Mass Transfer, Vol.
31, No. 2, pp. 229~239.

(8) Passos, J.C., Hirata, F.R, Possamai, LFB.,
Balsamo, M. and Misale, M., 2004, "Confined
Boiling of FC72 and FC87 on a Downward
Facing Heating Copper Disk," Int. J. Heat Fluid
Flow, Vol. 25, pp. 313~319.

(9) Kang, M.G., 2006, "Pool Boiling Heat Transfer
in a Vertical Annulus with Controlled Inflow Area
at its Bottom," Int. J. Heat Mass Transfer, Vol.
49, pp. 3752~3756.

(10) Kang, M.G., 2001, "Hysteresis Effects in Pool
Boiling of Water," Trans. KSME B, Vol. 25, No.
8, pp. 1037~1045.

(11) Rohsenow, W.M,, 1952, "A Method of Correlating
Heat Transfer Data for Surface Boiling of Liquids,”
ASME J. Heat Transfer, Vol. 74, pp. 969~976.



