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Pool Boiling Heat Transfer in a Vertical Annulus with a Longer Outside Tube
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Abstract: To investigate pool boiling heat transfer in a vertical annulus with closed bottoms, the length of an
outer tube was varied between 0.3 and 0.6 m. For the test, a heated tube of 0.2-m length and 19.1-mm
diameter and water at atmospheric pressure were used. To elucidate the effects of the outer tube length on
heat transfer, the results for the annulus were compared with data for a single unrestricted tube. The increase
in the outer tube length resulted in an increase or decrease in heat transfer depending on the gap size. This
tendency is mainly attributed to the difference in the intensity of liquid agitation.

- 7MY - Voo ALV
AT : Eﬂo]}ﬂ _/_’[:21:1] 9“].’ T ATsat: EL}_OE:]E(:TW Tsat)’ C
D 7FERE 94, m
H] =0 2] T A 2= 2
h, IsEd2As, Wim'C LM =
7 T EARF, A
L : 7FE FE 4ol m P dus AsS 7HAE dugkr] A
L, 9% FH dol,m 5o TAE o] F7] #% Wete] sty EHle
L, %1 Zolu(=L,/L) (pool boiling) AL FA4d &t FEaA <
P, AME @, T ROl o3 gtk AYAACIT o] P
7 . Oﬂ‘ﬁ“/}‘ W/mz %7]% /}—;’]_j]%a} EOLZ_]'O] UH"?‘ Xﬂ@';ﬁl?l 75“"?‘ oéﬁ
. = ) T =] - =]
S s ENZFE . m 9 Ass MAstE AL ws Fsasid. dde
T e, _ . = = [ =
T, . EHEE, T = AT aRA ek F9 e A%
- d ks arelske Aojn Algtd w3k i
Ty @ wEEHZE, T . 4-8 9,10
' ’ 49 A BAFNIIH BROVL B 5 e
)\;(]gi/\—]j%o1ti =z }\"E‘;HEO o =
+ Corresponding Author, mgkang@andong.ac.kr :';ﬁl :E ]L E“'OA el A (j 6:; _‘/] j i
© 2012 The Korean Society of Mechanical Engineers frdel AgtsE= A9 g™ Sh ka1t




776 AT B

Table 1 Summary of previous studies for pool boiling (deterioration) @] T E Tt o] 2] gt E3t4t
in annuli 9 FH o]8E= 3AFTFY AR A A 7| E
TH GA W oAl ol A W
Author Remarks y olgl= 7o ol = o @6 =11 o
1l 7108k Aoz olgiHa k™Y =
- heater: stainless steel tube 7} Tlﬂfﬂ% _/_*[:z_]l 3:;1_}6]_%7_21_ :[Li,g_ 033—17-%1'7]9] oEﬂ
Yao - D=254 L=25.4 and 76.2 - - “ == -] =
a T A $837) AL ERAFE olsla)
an - liquid: R-
l%qqu. R. 11.%’ acetone, and water at 1 atm ‘(H{S]' D}%k??l— O‘i:[Lﬂ‘ }L?_Sg 5101‘# §l—1:]—
Chang | - liquid condition: saturated N ®o =1 e LAl
(1983) - geometry: vertical annuli with closed bottoms JZ/]EL ] Kang A= 0]"!‘”1 éﬂ T2 A ot oﬂ EH
- gap sizes: 0.32, 0.80, and 2.58mm Gl CQL'} e ﬁajﬂr%— %Eé}gj\t}. 7]311_ :‘E—FQ—%
- heater: stainless steel tube %EH :‘?‘]’}E}EOLZ_]' }6]“}?‘01] = 713:5 %]O%‘j/]ﬂ' %}éﬂ
Hung | - D=25.4mm, L=101.6mm = AL A7) 98] Kang®e SEIHS T
and - liquid: R-113, acetone, and water at 1 atm il e ERe Z—_]_O](Lo)—g— tE 51 Ao
Yao - liquid condition: subcooled or saturated (L),HLE]‘ #7 sh= wWeolrs AeEstgth oRER
(1985) | - geometry: horizontal annuli _ - -
Zlolx= A o WalE Zgs HnE
- gap sizes: 0.32, 0.80, and 2.58mm del= GARel w2 WS A 9vw
: B Zol7h 7FERFH Hojnth vl g 4,
¢ hoster saines sl tbe A ESE doslt dRE gl e,
- D=25.4mm, L=570mm . _
Kan . A AL 5-4:(CHF, critical heat flux)e] @A 7}sAd
g - liquid: water at 1 atm = HFE 2= ol Ao BLo]=Lo]
(2002) | - liquid condition: saturated = g e Ale Sdsginh
- geometry: vertical annuli, open/closed bottoms oldel A+ AFNES AW, IHFTHY
- gap sizes: 3.9 and 15mm ﬂl‘% En Qo]% 3}2;4]&“ ‘/I:Z] :C]_’}B]'%Zl' LHE‘
- heater: stainless steel tube 9] %H]% dHg 5“@'% ‘?45‘]] UH“?“ Qs W
Kang - D=25.4mm, L=500mm %1'% ok z[: 9}]\1—4_ _—lﬁjtﬂ, Kang(S)‘cq o‘i:[L}‘_:‘ ﬂld%
and - liquid: water at 1 atm =B Z o]7]_ 7]_03:1_"?'_11 rd o]ix;]_ 7o 751%0]] EH
Han - liquid condition: saturated -
: 3 Aolm HEeY Zol7l 79 EH Zo
(2002) | - geometry: vertical annuli, open/closed bottoms & el E’OQ/]TTF__‘ deol7k ]’E‘:r_— Cé 12
- gap sizes: 3.9, 15.0, 25.1, 34.9 and 44.3mm o o 71 Aol dis] Fr dolrt Enls dEA
. Yol mA GBS FHHE Aol Bash w
- heater: stainless steel tube . = =
- D=19.1mm, L=540mm gl 2 ATE o FHe Zolg ZtERHEY
« - L,=0.2, 0.3, 0.4, 0.5, and 0.6mm Zolwtt 71 AeE f-AstHA 1 Zo] Wl
ang
2007) | - liquid: water at 1 atm 2 ZHS dAY EAS FHEE AL 27
- liquid condition: saturated og :o‘]—jl 9\}\\4 o] E}{gl_ %]EHQ ?qi:[LE ﬂg o]
- geometry: vertical annuli, closed bottoms = o - Hel o Al
- gap sizes: 3.65, 6.35, and 17.95mm —'—01%—] H}J]— %’i#EE -t gﬂ—ﬂ— w2 ]: ==
Al o= Ax 7194& & A& A= 7|gE
2= 0]
T
Wy Ghge tal ATE T PP A
S Table 13 -t} ) Al B
FAE Wzl vl wEw Asd Fe
Adste A ATEA B2 Aok vud o Ado] AL 23 A9} A|Ad e )k
BAE 300~800% BEe dxd FH mAs Al 19" Fig. 13 2ok B AFE FE(Fig
AL GelA 7ldg = Ak Kang®2 1@)e] A5t 7h=xAZxFol(Fdoly7t 7t
e SR A Fdel AMEHE AF ZF 1300x950x1400mmo] v, 77 2= FAE
A HAEAT,) G AAGATR)E 7 dAste] 239 PR P aE e
AsA Zrbee @49 R ey B FE Alold Fike] S0l kwdl ddE E
st & APlE DRSNS FHAE B 44 dAsA
T AAASE APSAL gase F5 Aol AgEE ddgRs 295457 9



9% Fr o7t 71 4

sto] THEE A AFD7F RAR BA
He 29 2EAFAE AFste] ARk §
A, AHFig. 1(b)S Wl H7AEHS 2=
2HJE 2% FE(L=200mm, D=19.lmm)Z ¥
o] o, WS B (buffing)’}&ske] ofF v
kA e e Fdskr] fek

g

Fig. 1(b)¢} Zo] el AHgeiln). A=

5 el BA HA(s=3.5, 15.5mm)I} 4702 ]

FBZol(L,=0.3, 0.4, 0.5, 0.6m)7} AF-&5 T},
FH RV 2w 2R T34
=1.5Smm)E A E AHEste] SAsGleH, FH

A ng B
by 2

ox
o

Lx
Hell dAstqict. B AEs 3 2%
9

=
sto] ddd & FE&& e 10mm A

Outer tank unit: mm

Innertank —— E 1300

g‘.)“ A/‘
Water
supply

Y, line
Al
Flow
ﬁgﬂﬂf‘”7holes Power
2 /e supply
s ot T/IC
L Outside lines
o glass tubg
— E
%I@; 7Hlaters
v J
Water drain
Reinforced Supporter
glass Test section Filter

(a) water tank

Insulation

4/54)@

D=19

—
&

Lo

L=200
100

¥-_Glass tube

I
Td2 Test section

Thermocouple

50

A4 \' °=
i i ™,

ube supporter

Power supply lines

(b) assembled test section

Fig. 1 Schematic diagram of experimental apparatus

AL gk A sl dE £ Ul o
4 Eol(lLimE & A T AIIHE o &
3 EsPFEI(100T)7HA 7rEetalth. ST E ol
Td ¥ 37 58 AAY HHo2 oF 308 A
T F7HEQ 7HE S SEE & A di45S
WA 7IEA FH LRE AT AYE
2 AES fE SABS AEHAdslon,
AL 2 ARl g3 =2 AR
Lol 9 Fre] tigh Aol EubA Table 29
el A3 o] o2 dolot EA) 7+4 e %3
S Zte fEder WAHslel AdS FPe
T} Table 2014 o] H] L,& L /L84 9535
H Zo|& 7t FH Zol& i ot}

A7 o2 7hde FH gHoAe dREe
FHAEs AEHA R e Aoln, o

Table 2 Test matrix and ¢’ versus A7, data

s A I q G . Number
come
mm m " kW/m?® vy of data
ingl
- - ; 0-150 Single 15
tube
Bott
35 03 15 0-150 ottom 15
closed
35 0.4 20 0-150 | Botom 15
closed
35 0.5 25 0-150 | DBotom 15
closed
Bott
3.5 0.6 3.0 0-150 ottom 15
closed
Bott
15.5 03 15 0-150 ottom 15
closed
15.5 0.4 20 0-150 | Botom 15
closed
15.5 0.5 25 0-150 | DBotom 15
closed
Bott
15.5 0.6 3.0 0-150 oo 15
closed
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