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Effects of Liquid Subcooling on Pool Boiling Heat Transfer in
Vertical Annuli with Closed Bottoms
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Abstract

Effects of subcooling on pool boiling heat transfer in vertical annuli with closed bottoms have been
investigated experimentally. For the test, a tube of 19.lmm diameter and the water at atmospheric

pressure have been used. Three annular gaps of 7.05,

18.15, and 28.20 have been tested in the

subcooled water and results of the annuli are compared with the data of a single unrestricted tube. The
increase in pool subcooling results in much change in heat transfer coefficients. At highly subcooled
regions, heat transfer coefficients for the annuli are much larger than those of a single tube. As the
heat flux increases and subcooling decrease, a deterioration of heat transfer coefficients is observed at
the annulus of 7.05mm gap. Single-phase natural convection and liquid agitation are the governing
mechanisms for the single tube while liquid agitation and bubble coalescence are the major factors at

the bottom closed annuli.
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Table 1 Summary of the previous works

.Author Remarks

- heater: stainless steel tube

Yao | - D=25.4mm, L=25.4 and 76.2mm

and - liquid: R-113, acetone, and water at 1 atm
Chang | - liquid condition: saturated
(1983) | - geometry: vertical annuli with closed bottoms

- gap sizes: 0.32, 0.80, and 2.58mm
- heater: stainless steel tube
Hung - D=25.4mm, L=101.6mm

and - liquid: R-113, acetone, and water at 1 atm
Yao - liquid condition: subcooled or saturated
(1985) | - geometry: horizontal annuli

- gap sizes: 0.32, 0.80, and 2.58mm
- heater: copper plate
- 3030 and 30X120mm in widthXlength
Fujita | - liquid: water at 1 atm
et al. - liquid condition: saturated
(1988) | ~ Beomety:
vertical/inclined spaces between surfaces
periphery; open, closed sides and bottom
- gap sizes: 0.15, 0.60, 2.0 and 5.0mm
- heater: copper plate
- 60X120mm in widthXlength
Bonjour | _ fiquig: R-113 at 1 atm
and - liquid condition: saturated
Lallemand{ . geometry:
(1998) vertical spaces between rectangular surfaces
periphery; sides and bottom are left open
- gap sizes: 0.3, 0.50, 1.0 and 2.0mm
- heater: stainless steel tube
- D=25.4mm, L=570mm
Kang | - liquid: water at 1 atm
(2001) | - liquid condition: saturated
- geometry: vertical annuli, open/closed bottoms
- gap sizes: 3.9 and 15mm
- heater: copper disk (diameter 12mm)

Passos | - liquid: FC72 and FC87 at 1 atm
et al. - liquid condition: subcooled or saturated
(2004) - geometry: horizontal spaces between disks

- gap sizes: 0.2, 0.5, 1.0, 2.0, and 13mm

§ Frtste AR () Fold FRAM EdES
FAAI7IE g dAsE Aot Exndr|vt
AXNG Fx2 WE dAs zr)des FYdeol
H, dag 7 ]:F(mechamsm) gz A o 2
P Foz uyAEY.
7tEy ol FL& I AdHA dLe A=
g A7 AFsL 2EHADT Judd TP 9
5 g el HPxrt HFEAdd uAEe o
T 2AMEY. 25L old ZAFAES A
o] FYPxo HE= Aloje] BAE olgFHo=
aFsth Celata =0 Zn=3 JAYEHS
9 vug T ‘7"@43 RGPS, 25
01"3—5—‘_2}5% NAst Z%), AYE, g

7

FALEY 9FL AHRUT. HI3 Kang¥e
7l el F£2 R £z HXF
19.1mm¢] ¥ 27 RBE o]&f3lyg AP
7} E¥l5EAgd vAE F%H} 2 UR ¢
HEgol it ozte] AFARE TEIGH
APzt B4R HFe #FFul5e vAe
Age 9 AFHAHHS vid FPx=s}
FAED YR EvSd nAE 9L d7F
R v =F AAolth. EA AFI} EvF5E
Agol] v G diF oA AF F FQ
A Table 19] %€ A goh EX 3343
#AdE FE e FAIAI @0
o} ofztel P E R Fyd) o A
FARE stz Y90 JF9 AsEL
AMRA B3NN FYErt Fujg 49
d ulXe 4Fe FAFn Jv dAFE A9 A
A Ao)t}, Hung? Yao®e ©3x 25C9 3
Wxol g dFE Tt YL ¥ 2o
s P 59 ALt 22 &S A
= AL vxEsian
ojde] AT AFAEL AW HAY=s} vlF
dAg) e JF FA7F AAET) =22
o7yt Yol F& Fl AFH YA F&
ZSos B2 477 1Yo 422 ¢ F
Ak a2¥A T Azpr) ol 3, AP Es) FEy)
g BFF iR Zu5 dAdAdd vAEe o
FL FHFF A7 olAA LEH Ho| U
ZAUF w5 g 7i7E EuEd A2 o
200 Agd Fdol AT H5L APHA &
2 A% M= g2 geA, 2 dF:s 5
'T"—”“-’“ 4T UiRe P ENF dAgd o
g drgezAs F8 EALGITE #3SH o}
2 Aol FAE HFISundrE AAs)
A% Auld g Adsle AL 1 BFHog dln

ol 1:}.

4

2.4
A8 FHY MN== Fig. 17 2. F£2[Fig.
1(2)]9 AR 2| A7}oln, Alzhy @d A
(950x1300mm)3} 1400mme] Fo|& 7}xx QI
of #xo AWL FF ¢ A BYHL dd &
g2 Ho o 7tE2xA=s} 1000x1000mm°]
o FE2E oF ¥ TR Ho U} AF £



AN E7} S5 FRNHAT

anit: mm /— Outer tank
Iamer tank ~\ £ 1308

950,

Water
supply
line

[~ Power
mpply

o L—T/C lines
L»
( @ Pre-heaters
Reinforced Water drain
glass Filter
Test section and supporter
(@)
Insulation PRit; mm
=y
" el i
Heating s
length g
—l 2
g
= 3
b TIC brazing
Thermocou,
z El
5 potto: T
2
Insulation L3R
2
80,
Sealing I Power
material . . (i supply
100 line

/— Fisture

Glass Tube

©

Fig. 1 Schematic of experimental apparatus
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Table 2 Test matrix

Gap Bond Heat flux Subcooling
s, mm | number q’, kWm? AT g T

© - 0-120 0-50
7.05 2.81 0-120 0-50
18.15 7.24 0-120 0-50
28.20 11.25 0-120 0-50

A7]E 800x1000x1000mm(Z o] xFxFolyol,
o= 98 £zz2REH $A7) SUHEE 3§
A4 o8 A FHEE 28mm)g 7HA T Y
WEe ojf Fxo uigw Alo] Fde £
dqgstyl s SEHT &Fol skwmQl 479
BZXIHE LAY
d&dE Eo7) 98 x99 # ¢, a8x
HAL 5omm T FHAARE dEAHY A
t} dag FHEE Fig 1(b)o] Ued A3 g
A 71 A3 B (7HE d o] x A 73 =540x19.1mm) 2 I
Abatich 3B EHL #PtFE AAHA v
zatA ZrEeted, 20ve IF AL AHE
o] 3HE T3t FTFIHUH
FE gE2=E I3 15mmg s7he T-F4
% EH% A}%a}d Q3% AT 2% &
2ES 0mm A= {7
& FH EWe HFo=
Fetdct 2 WE B2EE &4y 43
o 649 T-34 dAWEZE 1.5mmE HF F
z9| H}E.”d&i-‘%ﬂ ARWEOZ 180mm 7+
e}

(

o4 mAsgch ALHE 2 skAAB TR

£ A% 2 AFE 242 £452 A5 4

st} ¢ 2 ARE UAY %oZ 9¢ 4

= e AYE 748 T o AYFIAE
AgsET 2 AEF $FE 10kwolth

WY AWE Fig 1@) T2 h¥o) Y& A

Aol $402 zYsgrk 28 BF Fig. 1)
9

I'N

of Yetd Fe#AANE 2 HFo AA
Z¥e & HFHo= FHUBE FHAAAY
o :AsAT. FHABY 1AL Ao FIY#H
AA A FefEe] W 2 %L 1HE 3o
Iomm 7HFe] & 9¥ez 7hEstd fdol
I EM AAAES gt @4, fed 23
22 f271 8HE AE $A] Hdsted A



242 s

Adiet FEF FFRE HdelFo= LI
#33E FE38l7] $sted Table 2] Yehd
RE} ol A e HNE & FRs AHEEIR
o 2, fEign 7FE AIE Alojo] F#YE
Fol FAHES 3l7] 935t Fig. 1(c)ol 1,}5}\41
A3 Zo] Jt= AHoR BERN IAFFE F
@ AH Apo]Fzho 719 Yol AX 3T
R £z wg@oZRE 1100mm %o|7} H
T £2 YRd EE A F 479 o L3E
ZA53ld B& HEsEgio. 71E 3
ARk 2o 2=/ 4FL %
o3 ﬁ% ) A H g ALFF
SAAE AF3NHG. 7HEAH
WA A Qs AEg
o AY F¥ =F Y¥ F249 4
= t AL AR
T 2 EAZE o

zno

=
T =

i)
50
o

“3‘_\3_|le
o o
oSt

ok 2 gl OE flo of rlo Nl‘“
] L
R
o
32 e koo
:10
S -*
m[o

mloréug
A

—or"'

2

v

tx
o —

fu ok

oozl

Mo N
»

kgl

=)

4

pac

o

)

)

e

T

m

kY

(D

4714 Ve re 3FE ALH wRE 247 4

Bus, Dot Le Z7 R LH%Ur sragel
g oml@h. wa Ru ERLEZ guiad,
S =)
Ty T 2 % BIBL WRoIA 27
0 20 40 B0 B0 100 1200 20 40 60 80 100 1200 20 40 60 B0 100 120
140 140
120 (=)aT 50 °C (b)aT =30 'C (e)aT =10 °C 120
100 :6:0:9.0:9 404 ggﬂsxsggsgs BEREB000000 {100
0 E5%00,, 000000 88888000 20
L \’ﬂ“cunnnog
aw o1 o7, T, 60
« o1 T, —o-T_, o
——T AT =T,
E T ha™ T 20
=1 ——T -1,
° 20 40 80 80 100 1200 20 40 60 B0 100 1200 20 40 60 80 100 1200
Q. kW/m* q°, kwW/m?® Q" kw/m®

Fig. 2 Changes in local water temperatures in the
annulus (s=7.05mm)
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