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Void Fraction during Condensing Two-Phase Flow Inside Vertical Tubes

A

(4
D
4
G
h
k
L :
T
u
w
X
y
-

7|

ok

e AT

(£)

: o“ n}- ‘-"—7;1]
Dol A WAl g

P RAA S

«o) 1

FRqps ol

A

A A
pA, R
B

2 + T *
Hoo Kyu Oh

1. M =

71—l 274+l A ES, R (flow
pattern) S QFE A o] Altel Ha gk u
ol & (void fraction)®] A2t F4e A&
gheh AA), W waesldx, nay, S
Blopll, izkie go] 4§ Awstsl 9 7le}
oluiAl wighdalel dA @ kg siAel o
©el Fasttl aeiuh wolm gl wg ot
WA o, of FellME A 2009 F
Qo] Mol goll g A sl—of 24
S-St i A9A], ol ¢l M) )

CHJL*“Dl A2 71— 22519 +AF
oo L Hiys g ibl“al 7] 3L ARy
SAel A Ayl Ha wbg whgkol whep ks
ste] yell A= 0o] ®rhi= 7Pgelxle] Ban-
koff &l ¥ s1—o Aolo] glip ¥ melst
Zuber 5o} wHl? Fabii of Aol s v]—

. Fargaba g Y EE T



B4/ X

o Atele] %5 & weo wHE FE& Levy
218 4 Ar(dissipation) oflulAle] #H & ol
9% Zivid®, z2n S&H55 ] o
Smith %2} 344 we® 2o Marchaterre®,
Butterworth”, Madsen® %¢] B¢} go
AFH = A

#H &3 2ol APHSM(phase change) &
ek 24F s8dde FHe zg W
F} T &5 W] -l ek §%
o) = Halsln, volr] o) fEk o
Atolell whe} Aoy A By Age] ¥
g3tk Ae & e 9o, #Hale] B
Ao sl HE7] U A Aol sl ol
&= o} Kl By do] gr} o &

AME mel Holegol Al grE 4ol
U dHges #4301 e dvs &

an 59, Kosky%"”% SH I 22 24HF
o] s olfwl HELE o] Zivi A&
a8 031 Trav1ss‘:”)i Wull—11, 129] =
B ol % 24F9 JHEE e Zivi
g Agstdoh, a2 o e Fukwo|ut
71— 245l g dFZaolng g=e &
gk oj o] aRAFAE ©E Aol g
w2 Ao M= FR oA §& 8
SR 24459 Holmgeo] EAubo
g Algts £ o #AYNS _1“7“0}71 flg
oR, HA2 dF oA B
3 TRLHR Yo, ~—/“/]~“ e} o
q-‘_q Hw ZEs dxo] s wasln

oko o2

Z o]

ARG N Fig R A g
of ZhAl=gk] H=(3), RAG), UH 7}05x
HE)(8) AlE B, M2 w/l( , TH7I1) 2 oo
B zt7|(2) §9 F4a 717]% T éﬂt— oy

T

Fo 717158 T A wiw 2 AGre
o otel dmahe FAT 4 S HEZ
w3l wasig v

X Hand valve
QPressure gage
. Ball valve
iquid level
indicator

Pply tap

To drain

From water su
f
—
w
h
{l
u

— 6 ¥
i i
_Coolant nu:((?ﬁ
4

Coolant in

1 Receivar 2 Liquid cooler

3 Refrigerant pump 4 Dryer-filter

5 Flowmeter 6 Flow regulstfng valve
7 Voltage transformer 8 Evaporator-boiler

9 Superheater 10 Calming section

11 Test section 12 Total condenser

13 Liquid supply tank 14 Constant level tank
15 Table balance .

Fig.1 Schematic diagram of experimental
apparatus

Yo AAleg Hazel os) kpEE W
i —113 A2 4kWel A4 7t 717 M3
H HEI18e M SR =], o] YulHre
Ao FH A9 Bl A &
=7 sdEich oM sAde fd 50t
PTG A AR FdEo] Ag
B oEF AEN 05-028 %74 &g

]t’lT"l 7”"1"3‘{? FIE'ZQ*]’ z:LL].. ':1_(‘ LH@
12. Tmm, 97 17 3mn, Zo] 2,000mm2| 5
Ty FHHoeR #@ WA 32me] olmdwt
oz Ho vk Al¥E@e] ¥HexzsE &
Azl s kel @slel zle) 13 mei
C—AZEH™Y 68 400mm2] S Ao
Zael wet E2en, = A¥EY Yrbs



Vapor
f
- 8
o X
o
- A A o
4. o
-
. ° 11" -~ § ©
optical flber =t |
probes o
——/——<>- o o
-
- ]
C-C thermocouples h B_‘ o
o o~
Section A - A aﬂ] °
<
(=]
Acrylic tube>] o
Copper tuhe/;——-—-“. 2
’ -
o C-A thermo- S
™ couple wire °
(=]
oY -
Soft solder - 2- |
1 AS
Section B - B Pressure “Woolant
Fig.2 Schematic diagram of test section
o] ex =AEg s U@ Bl T
of 61l C—CHAHUE 400me] G702
el oo A ek e, A9 el
P& g FAsA 0, AWM W
A% e dol wphash 2AAE AR
ste] AT, &% ouTA 2 sl A
A FE5S S48k fste] Al Foll Fig. 30l
vERI A3 e olzd WARE ALER 2
7H(/¥Z§ 15an) 1x9] B2 eu g % ol
| mhebd] 5ol A Alsd
o] Z29H At qE,ﬁ 0z dul
3 s froln, A7l dolA HdE AR

Szl -2 1 mH gl A

g d Jul ; o]
7F e AL o183 Aolrh F, ZEp-HE
A7y Sr)dol 9le dli= el A o2 b
Abstol, ool AElel g Wi H#sA =
=, Z2 ?}i Mool whAbste] ARE
—0»’-‘3_% ol do]el BA|RRE  Ads)
o 37 Fo AAQslE wersl. E, 15

G TR E174 %15 (1988)/85

—{OH'\A
T
=
o
£ o
o 2

et d=x)g 2vf 12
2¥9] s WA o
o] = .»]—

rR

;oﬂ‘

~ o

% b

g o
m“‘lg_u
o

4

o
I
I3
u.i_l
2
o
2

:?L_"

N
U ol
&2 o
2
2
th o &
2
o
o)
b4t
AT 10 4'
2
oZ T
Vel
Rl
1o
A

o
|

A9 AeglE

Fig.d= Al 5ol o "yl sl & sl A}
Sk AdAA MeeE JeElA Y
Aol 4 4¥ gl Yulgel gy
Astgo 2 HE ® Alatel 5= 9o, Figdel
ERA 213 ol B dFe) AMgg AR E
2wy dugr2 Ayziste o HEg 3
AstArh, =, Al se] Haaels Wl S
EH/L HAA ErR sl eruE E
ol M= Y258 dFFE 29 W
B A, 2

Wavy. film

T

He-Ne laser

—

0-ring seat  Sulde fin

b
»
=

¢1.48 Stainless
' steel tube

)+ U

Sq:porti:'»g brass

Coolant ok 1cal fiver tip ~ Detector
(grinded 90 deg.)
Ampli fier
oA _—
NI =
x ulse A gee QS

Pulse 8 A Oscilloscope | '=’lUl
Recorder E]oooo
— e TimeT Signal processor [1990 o o

Fig.3 Schematic drawing of a device for the
measurement of film thickness and
interface velocity



86/ @ X

from city water
supply tap

Hot water line
Coolant line

To drain
From city water supply 3 Py —

Fig.4 Heot balance measuring apparatus for
test section

2 o7k Was 8 e TR O

7t El == J_E»i fﬂ%itlr Jau, lg A w2
o] 54 3t oA
o] e¥ A% /\}%6}910111 SR

AR FAL S AES S,

Adel Fa dgel w e, Wle A9

of
By
i)
)
iz ©
te 2
o
>,
op 1
‘911
Pt

of maal & 308 o4 WHol X8 uwy
3 A S
ERARl Wel—1139] F8ighe 100~200kPa,
Ak 100~300kg /nf s ol A} Sk Ll
3. de&n

3.0 Exo & HY

3 & (heat balance)¥ #els}

71 93k Alﬁd‘%gl Ul gdell 25 GARE &
2], o] ghe] gl W zkgE aRlth F,
AERE 429 2588 duglnzg A }a}oq
Eoagel ] g5 49 2L g¥e

Ao I58e #Eleigh, Axle] o
B slkelell Ak ARREL: vHahd ROl Ad
4?1l Dittus-Boelter 4121 2.8 W9li- Pr
=7~120, Re=10,000~120.000, L/D=600)
oluf, ¥ & e] Wiz Re 4kl AKX (8000
~10,000) & Alelstaiz o) Welol Fahr

2 olojzl djolelE o] 2wl vl uslgd L}
Fig.5+= W 7h5e] #lolmagel gt %'24'
T %ol Addges vebd dew, o

9] A2 89 Dittus-Boelters) & YERA

Nuw=0-023 Rewo-s Prw0.4 eeneniennee (1)

a‘ 7VA,  Nu,=hD/k, Re, =G W/p, 22|30
w=Cop/kol T, Al Aol AMRE BAgSe g
-':r W7k gk ghe Abgsla ok
x10
10 — ' '
8t |
6 I -
5 ‘r Nuy=0.023Re 085 0.4 ]
1 1 1 | \ ,
o6 o8 z 3 axiot
R!"

Fig.5 Heat transfer coefficients for coolant
compared with Dittus—Boelter equation

A2l Akl glolA A s R ul
of M e Vrow stalon], o Al
el siel ot

h=We cpo(Tyo =10 /LA, —T,) ]+ (2)

0:17]A1» Wc’ Cpes Two' Twi' T ’ Tw ——Ld‘]i’* A

= g zdae] fu, e, & o2 T,
pHew, Wzt Hyenr gn gy
2 el 8ol A eb o] BoAE 2 u)



= Dittus-Boelter Hu} Z& %o 3+8 1}
E]'LH_TL et oA e ANl gl &
01 oll::; olg] _ﬂ_;:.{z} od/qu] I__}\] _‘f;o] 6’_#
of Q&g nlA slolu} Helxin, olie] o
g mEshy A (O3 BlaweA gk A X soha
Azbgich #y olwt B A¥raa AL
HE 5o Aol vlast B o vhgst ¢
ol} Azhdc) oS HESH 98t Algy
o} g Wbt 2 dukst e 24
7F 2 duks v ag A2 Fig.6ol cehy

el A9} el 10% ol
e wlad Mg dxjsigene dee) =%

2lek, ol ASolx
Qarse v v gole Az,

‘011

w
w

Mass velocity
[kg/als]
Sym. Hot-water Coolant

. O 1.153 130
Q 1.136 138
.} 1.138 132

w
<
T

=
o
ey
=
<
o
o
(]
€
o
W ”
< 20} . N
. Lf=108
“ -~
v e
[ = o -
<
+ Inlet Temp.
s o -t 13 J
= e Sym. Hot-water Coolant
s 8 0 40.28  5.84
- e Q 38.76 5.7 -

2 . B 39.36  5.61
o 4
o 1 A L ' ' 1

0 1.0 2.0 3.0 3.5

Rate of heat transfer from hot-water, kW

Fig.6 Comparison of heat transfer rate with
hot-water ond coolant

olgel AALTE A A Felol AMg
stz delarel A4 W WUl g% Fe] A4k

O

= A4 dulgrle] dds] wishdow R ¢
BhAl Q4L AlgNte] g Sy P rber
T Aso g NE Adek: ARl He
AHg-EFRL T

SRR - Bl L8

F17% %15 (1988)/87

da §Eg Aol s s g
Foll ek Bell £ MEA <l 1 olgjol
=g Ji;il{l 401 glod, sd &=

= 5} Baker A1 &= 7} @duty o
2 OAREE %LOJIL #Htol = Tandon &'’
ol FEfe] Wl Lol T FEFH
olebi: §alstel H-ak9l L% m xG/(gDg,
(o, —0,)]"* ¢k Hel=g ((1—a)/a)ztel
A ekl frEdd A=E Absta gleo
FHI FH Age sl vE
ol ol gt whebr, Al4biz Oh'®7E 422 3t
HostdE SEel die fEde uad
E= R e i i R L e -7-1‘6& Oshino—
wo 5 Vel REYH Anet B Y Holg
o ¥ 3t o,

Fig.7& 2 49 dielgtgE #2371 -
2°d%¢2] steksel g Oshinowo 59 %
FA A woll vhERA Relrt o] Axo] #HH
= 7= el AlA, (I—y)/y ¢ 4
& Fr 4 (Froude number), %5 Fry /A2 o},
olE2 vhgel HozAl A4E grolrh

=W /o, )/W /p)+ W, /p,)] - (3)
AN=p /(ps 0OV, Frip,=U,+U,)*/Dg

...................................................... )
2] 4)o} Aol glojA wFuiel X3z

3 Dupont/«u 2t5.'®, ASHRAE®) #1895
Baw siela ool wAWe ¥ e ews)
wstew e A g, & T,=T,— 075
(7,—T,Hel digk i+& AHgsld o, Ag¥
L JhAete] eHew

E T lllllll%l |l]lll| T 1 l]lllll LI E
w F % B2 -
. [~ P =118 e =, G,*1 11— _
e 169(xrafzy, b 273 [kp/imisla ]
= I F:::‘ng ‘?( Anaviar o @_‘
~ F M A
’:?'|0°._—- \\“\\\\\\\\\\\“ % =
' E A o =
- - \\\\\ nlllng /‘&‘m =
- - QF puvpiy 111 =4 “\\\“\\ ]
T F § .:“i\}‘“\,{\;\““\\“ ]

{m;nuuuummuuﬁmrm/,, W e ]

‘o'] ) ] l IIH{ b[d lllllll L1l l[lllll (.1

108 1vo? 5 10’

w//A
Fig.7 Comparison of Oshinowo flow regime
map with present data



88/ W X

agol e 3ol B AF wolge #E5Y
A A ze] el 713 Avki of oo 23
o} glovt Ohel #% 4yl vlwmsiy
A WM e 552 Frigert wE 31
et Z1xrh gl Al sl gacia A
zigrh,

e

i

o glol QAT = B s Aol o

¢ (liquid—phase)°ll $1x[8] -8 &} Kok}

A7 BE A&sle] 2 eHE B % F
AHZ ol FA AL whet 2] “AlW(in-
terface) 1 7ol M g} 72 =l Fo] vhelkon,
oS 3 F4le Fridos

]Zﬂ% w o= XelA TE Fol “AlAM”
3 o] R QHeol ol Aol HY Fr]itel
FEA = A3 v ek dizigh stell A
AP 571 T el #st kM
50 wWmol osly BdFHe duw Ho
N o] 20~30% AHEell ®idhar g
ou & AgdAe Hol 50~60%71A1 3o
A A g Aol g oyglovt “AW
173 “A@”e] F0elM 29 Azsp “Al

HI” e gol A FrgE el S A
7t AgEe g B Af8dMe v A
wolgtn wke=d] o] Aol saie] F3 A
olgtir A} ztsle o},

Fig.9c 4% &9 579 Fapde
2 gAg #Z@/Di)He #AAE Vel A
ol I®A o 4 e ubel ol @ H
olo] wet HARFAE HHoz Frlsly
I, AFEert SU1EsS Jde R w
7rstel = olle aRSHFAe  Hdd)
T ojs] T FZpolME dassr)
Vg E digol FrisEn, wepd S
o] Frtslrl wiFolabar Az}

Fig. 102 2 Zold w& ZFr|/d, A4, 1

ER$HE olF

N olN

olk

Gy=172 [kg/m%s]
P=133 [kPa]

Liquid phase

Interface 1

Interface nn

1 ] 1 1 | 1 [\ i X

1 ] X 1 1 [l 1 1 1

0.01 [s]/Div.

Fig.8 Typical fluctuation signals detected
by the probe at L/D=133

2.0
s s 145 [hgiels)
E IS} o—e o208 (ry/sly)
" o—o ¢,m252 (kgsals]
H
=
'-“‘_, 1.0
S
E
- oSk
"
0 20 40 60 80 100 120 140 160

Dimensionless tube length, L/D

Fig.9 Film thickness vs. tube length

3 A&l Wl 2 Jehy Ao =
71743 Aol f42 Cavallin 5323 ol

21 (a—1—4 o/D)Jf} dgfo gy
golm, AldLe=

t
f
o
i
fio



G, *208 [kg/ms)

~ p=124 [xPa)
-»—e- Yapor
-0—-0~ |nterface |
©O-—0~ Liquid

velocity, m/s
s

1 1 1 I 1 r—0—
0 20 40 60 80 100 120 140 160

Dimensionless tube length, L/D

Fig.10 Velocity vs. dimensionless tube length

HEE 2 *?iév} How
w7h e FAdsE a2 sk fo] a4 o

& At weE A ddd
4 ddegol axn, wetd gHEol ¥ Hl!cl
7] wEeleta Ayzbe

3.4 Bo|lES

Nl 285l Y Bolmgel e
Zol Qo dutzxioz wWo] AlEHE o
HoRiz Fde F55 vl S AHE3 Smi-
théPfé—E Barol wh3ah Oﬂéiul s FHi
o] dg & ol &3k ZividY, 28)al Loodkhart
59 welg AF23l Butterworth2” 5ol 2l

om, olFo] A& vt gl

Smith 4] ;
a=[1+¢eCo,/0,)(1/x— 1D+ (p,/0,)"*
(1= /x—D{1+eo, /01D
Q/x—1INY2 /{141 /x—1)}2 ]!

Zivi2l ;
a=[1+e(p,/p )1 /x—1)+(1—¢)
o, /)71 /x— D 1+eCo,/p)
(/x— I/ 0+l /x—1))17!

Butterworth2] ;
a={1+(1/x—1)%"(p,/p, )"

(/ll /,uv)o'w )_1 ........................ (7)

Fig.11 & Ao 226 745 nol=g

ERAM - WL g 174 %1 5% (1988)/89

(a=1—46/D)3 H=be] dA S veRd A
o},

olRAL oo Harswrl 238kg/mis A
ufe] A=, A (B)~7)= v as Relvk 1
Holl A 2 4= 2= vke} zkol Smith$} Zivi
o] olgAlEe B Ay Aol dzajalx] ¢
ek 1= 24Tl g 2o dArAE
€ Smith2ollM e=0.4, ZiviAlolA e=0.2
A u B2 A et AR sk slglon
THIN ol DI B AP GA] 2ol
7F ddeh zely A2 e] o gk RS of
9] Zivi?]# Smith4], 28132  Butterworth
A 5ol HlwA e Agg vehliQon, o
oM = Smith2], a={1+(p,/p,)"*(1/x—
D) el B A8 goleret ?JZISI'SEE} ol 7

e pAstE BusA e 24R, Fo En
& Surshe 55 velel gael A5 o
Hel Ygg Aol FAG 5 Aok AL o
Btk 2 4 Y

o
w0

6y-238 [kg/n?s)
P=i6l [kpa]

fraction, s
L=]
o

o
~

1 Smith Eaq., (e=04)
o 2 Zlvl Eag, (e=0.2)
L 3 Z1vi EQ. (es0)
> 4 Butterworth Ea.
0.5 F 5 smlth Eq. (e=0)
= ~Q-0~ Present data
0 6. 02 03 04 05 06 0.7 0& 0.9

Buagllty , X

Fig.11 Void fraction vs. quality

Fig. 12+ AzsEnrt 110~273kg/mfs o] W
Aol gt ¥ A% wolele} of o] ofgks B
A& wle] Smith4 ¥ vwd How 20%
ol R AXEA) S5 245l g T4
nojrge] 71 diolelr} glol wlagl 4=
FANW S5 224
of gk Mel=go] ¢t oA el glupa 714
a2 A2 Smith#le i o Fo] 7153w
Azt o),

ol olAo R E -



1 D T T T T T T T T
L sym. (xg/m?s) a 1
v 110
0.8 | [¢] 118 4o
a 145 +20 %
B o 161 |
" 178 3 a7
-] 179
0.6 |- P 182 & -
a 199
L @ 200 203 WO

Sym, [kg/mzs] -

predicted void fraction,
(-]
-
T

o
~
1
| ZoR=EsR N J.]
~
w
[--]
1

] 0.2 0.4 0.6 0.8 1.0

Measured void fraction, @

Fig.12 Experimentally determined void fraction
compared with Smith’s prediction with

zero entrainment

whet Wahs T4 Holzg S
F& Weler AR
(2) 492 7st Sudat 71E9] 71—
245l g A5 53 vlus) 2 Aze
Aol FFE FAHUE A4 Smitha 7
1218 ®lon], mebs o] oZ2e 5

= 7|

2 d7e 19859 % &5 ashA vhe] ¢
A el ojste] A AowM A o
A A=y,

N

10.

. J.F. Marchaterre

1]

o 2 8

S.G. Bankoff, “A Variable Density Single-
Fluid Model for Two-Phase Flow with
Particular Reference to Steam-Water Flow}
Trans. ASME, Ser. C, Vol.82, 265-272,
1960.

N. Zuber and J. Findlay, “Average Volu-
metric Concentration in Two Phase Flow
Systems’’, Trans. ASME, Ser. C. Vol.87,
453468, 1965.

. S. Levy, “Steam Slip Theoretical Predic-

tion from Momentum Model 17°, Trans.
ASME, Ser. C, Vol.82, 113-124, 1960.

. SM. Zivi, “Estimation of Steady State

Void Fraction by Means of the Principle
of Minimum Entropy Production? Trans.
ASME Ser. C, Vol.86, 247-252, 1964.

. S.L. Smith, “Void Fractions in Two-

Phase Flow: A Correlation Based upon
an Equal Velocity Head Model”, Proc.
Instn. Mech. Engrs., Vol.184, No.36,
647-664, 1969-70.

and B.M. Hoglund,
“Correlation for Two-Phase Flow”, Nuc-

leonics, Vol.20, No.8, 142-151, 1962.

. D. Butterworth, “A Comparison of Some

Void Fraction Relationships”, AERE-M
2619, 1974. Also see 6th Int. Heat Trans.
Conf., Canada, Toronto, Cs-14, 1978.

. N. Madsen, “A Void Fraction Correlation

for Vertical and Horizontal Bulk-Boiling
of Water”, AIChE J., Vol.21, No.3, 607-
608, 1975.

. M. Soliman, J.R. Schuster, P.J. Berenson,

“A General Heat Transfer Correlation for
Annular Flow Condensation”, Trans. AS-
ME,Ser. C, Vol.90, No.2, 267-276, 1968-5.
P.G. Kosky and F.W. Staub, “Local Con-
densing Heat Transfer Coefficients in the
Annular Flow Regime”, AIChE J., Vol.17,



11.

12.

13.

14.

15.

16.

No.5, 1037-1043, 1971.

D.P. Traviss and WM. Rohsenow, “Flow
Regimes in Horizontal Two-Phase Flow
with Condensation, ASHRAE Trans., Vol.
79,No.2,31-39, 1973.

HEIERE, WHEX, FEE— “Tor
FEBOKTES ERBRAEE", B,
# 2, Vol.54, No.623 pp.751~764, 1979,
K.J. Bell, T. Taborek, F. Fenoglio, “Inter-
pretation of Horizontal in-Tube Conden-
sation Heat Transfer Correlations with a
Two-Phase Flow Regime Map”, Chem.
Engng. Prog. Symp. Ser., V0l.66, No.102,
150-163, 1960.

0. Baker, “Simultaneous Flow of QOil
and Gas”, Oil and Gas J. Vol.53, 185-
195, 1954.

T.N. Tandon, HK. Varma, C.P. Gupta,
“A New Flow Regimes Map for Condensa-
tion inside Horizontal Tubes”, ASME,
Ser. C, Vol.104, 763-758, 1982.

HK. Oh, “Condensing Heat Transfer of
Refrigerant-113 in Vertical Tubes. Part-1:

SR - BT g 17% 214 (1988)/91

17.

18.

19.

20.

21.

Flow Regime and Pressure Drop”, Trans.
ASRE, No.22, 1-11, 1983.

T. Oshinowo and M.E. Charles, “Vertical
Two-Phase Flow. Part-1: Flow Pattern
Correlations”, Can J. Chem. Engng.,
Vol.52, No.2, 25-26, 1974.

Dupont Freon Technical Bulletin, C-30,
11-17,1967.

ASHRAE  Handbook,
ASHRAE, 1985,
MHEREE, Wbz, “HEEERTRERR
K+ AHE”, #HT1H BARERY R
v 4 %#, pp-197~200. 1970.

E.F. Carpenter and A.P. Colburn, “The
Effect of Vapor Velocity on Condensation
Inside Tubes”, ASME-IMF General Dis-
11th-13th,

Fundamentals,

cussion on Heat
20-26, 1951-59.

Transfer,

. A, Cavallini and R. Zecchin, “A Dimen-

sionless Correlation for Heat Transfer in
Forced Convection Condensation”, 5th
Int. Heat Transfer Conf., Vol.3, 309-
313,1974.



