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Flow and Heat Transfer in Boiling Two-Phase Flow

Part 1: Heat Transfer Coefficient and Heat Transfer

Characteristics in Convection Region
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Abstract

Heat transfer by boiling two-phase flow is applied to nuclear reactors, once-through
boiler and many engineering plants. To predict the critical heat flux(CHF)—so called
dryout heat flux—is required for their design, efficiency, safe operation and effective
cooling. It has been generally known that the critical heat flux is affected by the size
and type of the tube, flow condition and inlet quality. Among the flow regimes of two-
phase flow, knowledge on the annular flow is most important to calculate the critical

heat flux.
Experimentz! equations for local boiling hcat transfer coefficient from nuclear boiling

region to convection region before dryout are presented here. In annular flow region,

quantitative characteristics of heat transfer mechanism, which may be considered to be
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related with the breakdown of liquid film near the dryout point, is studied. The test
fluid, R-113 is convected upward in stainless steel SUS 27 tube of 10mm inside diameters,

which may be assumed to be heated uniformly.

Nomenclature
General
o specific heat Kcal/kg°C
D inside tube diameter m, mm
G. mass velocity kg/m?s, kg/m?h
Gr total flowrate kg/h
g accelation of gravity 9.8m/s?
H heat transfer coefficient Kcal/m?h°C
hrg latent heat Kcal/kg
k thermal conductivity Kcal/mh°C
Nug : Nusselt number of boiling, dimensionless
P pressure 7 kg/cm?a
Pr Prandt]l number, dimensionless
q heat flux Kcal/m?h
Rer :  film Reynolds number, dimensionless
T temperature °C
U superficial velocity m/s, m/h
u friction velocity m/s
Xy Lockhart-Martinelli parameter, dimensionless
x equilibrium quality
y distance from the wall m
Iy liquid film flowrate per unit periphery kg/ms, kg/mh
3 viscous sublayer thickness of liquid film m
v kinematic viscosity m?/s, m?/h
P density kg/m?
T shear stress kg/ms?, kg/mh?
®, 2 Lockhart-Martinelli friction
factor multiplier, dimensionless
Subscripts
f liquid film
g vapor phase
i liquid vapor interface
in tube inlet
l liquid phase
sat saturation
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"7 . two-phase flow
w  + wall surface
z ¢ distance from inlet of heated section
&y : eddy diffusivity of momentum
&y + eddy diffusivity of heat
saturated liquid

saturated vapor
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Fig 4.1 Schematic diagram Qf the flow system 38, power supply equipment
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Fig 4.2 Diagram of the 48 thermocouples positions along the heated section
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Fg 4.7 Pressure gauges, rotameters and
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Fig 4. 6 Insulated section Fig 4.8 Data collecting equipment
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Table 1. Calculated heat loss through the heated section by heat conduction(Q,,:;/qX100(%)]

i t
Tws °C 30 40 ’ 60 70 g 80 90 ‘w’ 200
|
R ! z : —_—__—_
Heat Loss | 4.185 8.308 ] 16.616 20.770 +  24.924 | 29.078 | 74.772
Kcal/hr ' } 1
Ratio of heat loss to heat flux in heated section
Tus °C | ‘ 7
¢ 30 40 ‘ 60 70 30 90 200
q Kcal/m? hr .| ‘ . .
‘ i
0. 092X 104 59 | 1L7 : [!
: | |
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| !
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i !
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5.666% # 0.11 0.19 L o 0.48 i 0.57 0.67 171

~ 121 -



19804F 35 WERBHFABRIE H158

6.371X » 0.08 0.17 0.34
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7.830X » 0.07 0.14 0.28

0.42 0.51 0.59 ( 1.52
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Table 2. Forced convective boiling heat transfer coefficient correlations

Author Recommended Corrlation Fluid II?I‘(‘; S;:tion of

V.E. Schrock and Hrp/Hpr'=0. 74[B,X 10841, 5(1/ X 1) 2/3) Water Upflow

L.M. Grossman Hrp/Hpz=2.5(1/ X))

J.B. Chaddock and Hrp/Hrr=1.91(ByX104+1. 5(1/X,,)2/3)0-6 R-12 Horizontal

Brunemann R-22 3-Phase
Hrp/Hpr=0.90({B,X 104+4. 45(1/X34)°37) R-113 Upflow

L. Pujol and Hrp/Hrpr=4.0(1/X;)%%

A.H. Stenning —
Hrp/Hpr=0.53({ByX104+7. 75(1/ X,)°-37] R-113 Downflow
Hrp/Hpr=4.0(1/X,)°-57
Hrp/Hpz=2.72(1/X,;)0-58

R.M. Wright Water Downflow

: Hrp/Hpr'=0.67(ByX 104+1. 5(1/X)2/3)
R. L. Sani Hrp/Hpz'=1.48(By X 104+1. 5(1/X;1)2 /%) Water Downflow
- G.F. Somexville HI;‘I;/HLZ'.'V——‘ 2:45(By X104+ 1. 5(1/X;)2 /3] n-Butanol Downflow

— 130 —



SIS MM 23w i

i |

? 1\? Rﬁﬁ%ﬁi and ’ Hr o/ Hir=3.5(1/ X0 (Water 1 Upflow
‘ N i Water .y
J. A.R. Bennett etc. Hrp/Hpz= g% X0.64(1/X1)*™ : . %%flow
' Steam !
Methanol, ! Upflow, Natu-

Cyclohex- ‘and ral-Circulation
Benyene 1

RD. Ty IiHTP/HLZ=3.4<1/XH>~»45
T.G.
P.

Collier, i | Water
M.C. Lacy and Hrp/Hpz=2.167(1/X,)0-57 + Upflow
D. J. Pulling Steam

LUES K(5~10), K(—12) % K(5—1D9 kel (kolel BF#E 15/ Hel A Dryout Po-
inthi7hA o) YRBE RISl FaTAMEIE K L MRTIS BGOSR 4el v

B Aol BIShel = i BWRe] [Hsh v el Lo} o v PR 9
vh. R Hods UL B ML WIE Colburne) L o s

HLT’:0-023<~%’——> ( GMD “( ,Qe;e'l/" )1/3 ........................... (5-14)
ol™, Hi /&
}11.z'=0-023<%—>[ G- \Iy,x) 1.0 ] ( C’;;l'”" >1“ ............... (5-15)

olvh, 2ol Al PRl MBS JITAMMESR, HrpS Hrp/Hir %= Hrp/Hp 5o BBISE  Weki it
] Hotel RIS HRMEMS RS BT Ae] F3olvh. mE 295150 = o] T kel ik
g FFALSE ORI o] v —MJ(x.',,=—0 178, Bo=10.30x 10799} [kfa Aolvl, =23 5-15¢] 4
g
i

T ORE BN Pujol™ el pivesbdisl Fdeil 2F —%sh-S oF ol vh, Pujole] @iZest Wel A pr
100 r— T LI N NN R T L I N T 1 T T11]
— MNucleate Boiling and Convection Region R - 113 ]
— PU—-— Pujol .?mddstennlnpf 0.%7 Py, =3.24% Kgf/Cm a ]
— = 0.90(B_x 10% + 4)\1/x = P -0.178 I
5(— PD-—-— DPujo? and Stenrlw 0.3%7 in” -4 ]
e = = 0.53 [Box 107 + 7.75(1/X,, )" "] By = 10,30 x 10 —
éq B Schrock and Grossman Pr = 4,76 ]
B = 0.74 pri!30 m pgtyy, 5(1/%,)%/7) WR
i WR —--— Wright . 2/ o 55
— = 0.67 pell/3-04) [B x10%+3.5(1/X, ) 2. DA —
. . TSNS : -~
e ¢ ey e
U gt .'%,7" —
10 — e - —
— . P T mTTIl- S ]
so P T s e —
TR ——— // .
5 U ///’/’/ —
PS 7 u
— Convection Region - Nucleate Boiling Region ]
DA , 4
— _— T = 1,20(Byx 10™) —
P§ —- Pujol ‘mg i?en‘lmg 'r‘rangltlonoReglon
= 4.0(1/X,) = 0.98[B x 10% & 1.501/x,)3/%) ]
r DA e Denglel and Addoms Convectlon Re[r18n
0.5 = 4,20(1/X
= 3,5(1/%,,) tt)
tt
1 R R R
01 5 1 5 10 5 100

1/x
Fig 5.15 Comparison of the present results with the correlations of H;p/Hpy

— 131 —



19304 31 BBRRHEABRE FH158

c€e "0—

anbruyoa gy,
13081], 9AtIoROIpRY

|

Mmojjumo( pue-dpy w

1¥2 0~ QLI 0~ ="'Xx ‘Bunieoy weyng ud9MIaq DUIJI Og By ‘ag @) f=nN JIeway
%0z ¥ | %02 | %1 | %s1¥ | %eET | uonerasg
:ﬂh v :m'N :u.'h * -ew.h “ ueu.N — 1e MOMuHOﬁmOum
(L ~"L)/b=dIyg  Coidd 502 (@/DE20°0=/1TH  ‘votd 5024 (@/'4)€20°0=2TH
uoI8ay uoIPAUOY) : w-o(PX/1D0 7=
3 15:0(PX/1)0C 7= ¢ A:Bv:w—;poﬂ :
uotfaoy uopIsuBIL] : e-0(IX /1 — (LTpy I
Les NA:.N\.%vm .WAQ 3 gL .m,u.c-mwwomumm 0= c0("X /18 T = %OBWH\QEWHW
+01 X°g)86 0= o : : J
Horsay Butiof A1weonN : m.o?xbv,w%| Caa /1) i ol Nm‘ﬁwi Xog)16 1= m;?kmﬁ orxompLo=| e
GOTX )0z "1 = HI*H S¥ 7 +s01X°g)06 0= Ky i1y jaag
I jag 11y jay | Ty
768 "0~ =% L0~0=x £€0L"0~0=% L6°0~ =% L5°0~S0°0=x

GOIX)01~z=b

(s01X)18¥ '0~S0"0=D

(01 X)0€ "0~S100=D

%
‘98ury Lupend

(01X)7¥€6 "g~€91 “0=h 1Yy qw/[eay] b

(01X) o . ‘xn[g 1oy
GOIX)9T F~eL 1="0 €6 '7~12°0="9 (s01X)28'9~2L0="9 GOIXDILe~E70="9 |  (s01XD20°91~98°0="9 g w/8y "
‘Xnjq sse]N
£ve e="d €VG "S~€22 'e=d €69 '8~€86 "€=d © quo/8% g
‘oanssarg
Sy g=1 960 '9="7 v6L°S=T 0€6°'1=7 910 T~18€°0="7 (7 ‘yadua
0'01=a v8e=a 08°¢1=a 89 T1=d 16°01~86"g=q (ww)g ‘1330welq
_ apisuy
| Morg
mopydn mofdn mojjumo( pue-dn [eluoziioy mofydn _ jo ucndAI(g
gT1-o FETN e11-y 2e-d eIy 2EM | ‘pinld
I
swoppy ‘N [ duiuualg 'H'V uuerwaunyg ‘H UBWSSOI) “JA .H_
wrsy MW | pue 19[3usg "D pue jofnd “] pue ooppeyd g°f pue poayds g .>_ loynly

SUOI)R[AII0D JUSIDIFJI00 IIJSURI} JBAY SUI[I0q IAIJIFAUCD PARIOH

‘¢ 3qeL

— 132 —



MRS S5 Y E

yekk o) Wk Aol =i 5-16 =y 5-17 3 2y 5-18¢1vh. zew =23 5-19¢ =2 51591 &
el o) 6] G Hrp/Hpz o2 WHiohed ofol B &2ihe] HRAL KT Heolrh

100
— T T T T T 1T T T TTIH
— Nucleate Boiling Region —

5: = 1.20(3, x 10%) -
| angltlon Region _
g | =098 x 10% 4 1.s01/x, )2/3]
Z Convection Region ]
o - 0.57
o = 4.2001/%, ) _
~ = 2 ]
3.243 Xg/Cm“a __
Xin = -0,178 —_
Pujol and Stenning B ( 10_4)
Nucleate Boiling and Convection Re{fion ‘ot
. 4 0.37 :
| ~cso, x 0! - aas(n, 2] T -
Nucleation Suppressed Region e 6.331
= 4.0(1/x,,)0 o 14,697
’ H |
, Ul e iyl BRI
5 5 5
01 1 10 1/Xtt 100
Fig 5.16 Comparison of the present results with the correlation of Pujol and
Stenning (X;,=—0.178)
a
T T T T L F - 1 T T TTTTH
[ Nucleate Boiling Region ]
5h- = 1.20(B, x 10y —
e — TI‘a.Y\.;lulOYl Region —]
- 4 2/3
Sl = 0.8, x 107w 1.5(1/x )] .
Ej Convec‘cion Region
sl L ale0(1/x,.)0 5T |
- et
RN
a0 7_'_—_:0_/_.::

19 :_?:\Q R 4‘)/ ‘> —
— :—:A-"A e ’“’A/ -
| o o ) —]

5F— o \ 3.24% ¥g/Cm“a —
B ?1—50—1__”1—1 Stenning Xin = -0.247 )
— Nucleate Boiling and Convcctlon Region Bo(x10'4) 1
- 0.90(5, x 10% + 4.45(1/x,) )0+27) ¥[10.56
L 3 : —]
Nucleation uupp”e ssed Region 26)152(;
= 4.0(1/X t)“ 04,618
1 | |1||l bl L L LI
[
o} > 10 1CC
1/xtt

Fig 5.17 Comparison of the present results with the correlation of Pujo! and
Stenning (X;,=—0. 247)

— 133 —



19804 37 MEWHEABRE H158

100
T TTTTTT LT T TTTTT] LT TTTTH
— Nucleate Boiling Region —
4 —
5 = 1.20(13o x 10%) —
| Transition Region /
4 2 ]
B[ o B, x 10% + 1.5(1/x,,)%/3 N
S, Convection Regéo:517
& | = 4.2001/x,,)0 SR -
-
10— e
— P 3.243 Kg/cm?a
5f— sp = 3. g/Cm“a  _ |
| X = =0,332 ]
Pujol and Stenning n B (x10-%)
[— Nucleate Boiling and Convection Region o ]
4 0.37 #[11.39
N = 0,90 Bo x 10" + 4.45(1/xtt) ] NPPE _
Nucleation Suppressed Region cl7.067
0.37 Ql4.916
= 4.0(1/xtt)
1 L1t Lot L L1l
01 5 1 5 10 5 100
Wy

Fig 5.18 Comparison of the present results with the correlation of Pujol and
Stenning (X;,= —0.332)

100 U ERLL T T 11117 T T 11113
| Nucleate Boiling and Convection Region —
— s Somerw{ill‘z) o —
5= gy =285 P304 [5 % 10t 1.501/x,4)2%] o -
| SA -=--- ani (113-04 —
3 = 1.46 P30 [5 4 10t 1.5(1/%44)3/ 3}
N — // o * SA SG ]
I}E“ SO [ ..... ///
- oo o - CL —
WR
PR S S b = .
10— —
— R - 113 —
— . Pia= 34243 Kg/Cmla Schrock and Grossman|
ST x = -0.178 - 2.5(1[x}2t)°°75 7
[ D, =1030x 1074 T L — — Collie ang Tacy
2 e o = 2.17(1/x,,)°" -
: oy MR —-— wripht T¥ 0
i s¢ = 2.72(1/x,, )0 -
GT? —--— Guerrieri and Talty
= 3.4(1/xy,)0045
1 Lol T
5 5 5
o1 1 10 100
Wiy

Fig 5.19 Comparison of the present data with the correlafiong 'of H“:(HLZ
27 5-15 8 2 5-198%E o Folv uhelzto] WiMepkel Mfigske. B 3 ot
— 134 —



P RS 35 2 g

A O B mo g MW B A Sr s g R ik, By, witke]
B maht ol FURMUESS) S vt A4 e & BRERME TS PIasRs fEiHde) o

SR el @ Ao

5.4 HFMESO BAS EE

Bkt st BORUUBMBEA A = il Kol BRANS Wiend 52e, deAe Wil
C MO RIS mhel ] SEY piskdel el MEE MEEY BHo SRy, R
AU A= S AR RS WBAE o = Wsbd A% ALHEST FEFTh Hke vhel
el RSl BURMBURA A & Bl KT BB R O2, MR S oS Ao se
HBIE A Ktd BB o) RMIREN A KBe Tk BBET od A v, Wik

Toat HIAA = 5] el A gome 29 5205 e WA
WS (R F B WAL Y MRS M
2290087 >°\. 2NN el ok BB, BAEAS IS Mehe AL,
' Flkow )

Te=T) _ k

ol k. HABURS MALHES WH Botel vho R} 20
4y wuHreEE,

q 5+=V_:\/51 ......................................... (5-17)

Fig 5.20 Appproximated tempe- 5 fs) wobe}. (MAKGS wher BE - EEGES WKL 970
)

rature profile in a thin . ¢
liquid film B, « W AR g B4

f:p(y+8M>~%- ........................................................................ (5-18)
q=—pgc ( +EH> ‘27; ......................................................... (5-19)

*ORHE i, RG-18)Me] ul WM HUESHE, o - HEERS imERE, G-
19)e] epz el IR . ARl A ey=cyub el WAL MER TG e,
_ 0gc(T,—T)

T+ B p ............................................................ (5-20)
T P¥eE ¥ on mHERS 4249 A% LIF 2o Kdrmane — 1R 1 A A,

0<y*<5 u+=3+ ..................................................................... (5-21)

SSy*tC30 5 ut=5.045.0 [n(FT/5) oororeeeememiiii e (5-22)

30<y+ 3 U D S 2L By e (5-23)
e R S oA

u*:-:* , yte= nyl,‘ ........................................................... (5-24)

olet. RNG-20e] wuxs BBVl MUY P i, i MAN o 3] o] pipgess SRSk, wt = Mg
Pl By 12 AT

-\/ﬂ ................................................................................. (5-25)
oluvt, Aol Al bR I,

— 135 —



19804 35 MEREABRUE H15H
(D) 7 Pl A ey=8&ncltt.
(2) BEHEHAAE r=ro] =
(3) BLEEEA A= Eu>v,s u,,>-—_o] o}
ga Bestd BRTBEXSHc &%

T LFmm PP b ceeeern e (5-26)

T 5+ =5Pr-+5 (14+Pr(y*/5)—Pr] oo, (5-27)

Tr+=5Pr+5 m(1-+5Pr)+2.5 [n(yt/30) - weeeerereeerveessiieininnninnes. (5-28)
A He. SEELE 47 RG—26)3 R(GE—28)¢ AR WSt

Pr yt=5Pr+5I0(14-5Pr) 2. 5[0y /30) -wrveereererereimnininiiiiiin. (5-29)

yE KE F9or 29 5.21% Ao
Prgzt 1A y*=11.6, AWK 7+ Prrt 4.7600 A

y* " \ y+=7.7001", Pr < #ne} o8 BAStd Pr=cod A
yr=5¢] v},
10 S W] RAE Al STy e e
\ PSR R 2
8 ‘i’; )LAFzzf_g. UZ oeverveeeninneniiienn (5-30)
\\\ 3 Zre] BHEH 7oA BEERAKEA
6 ] Colburnz,
F=0.046 Re;m020 covvveireniiniiieniiiieen (5-31)
5077 4 6 8 10 12 ¥ BGHL, siiE U |
Pr U1=Gu(1'—X)/p1 ................................. (5-32)
Fig 5.21 Laminar sublayer 2, Wigte] &% AE-E: 4+ RE/ = (Superficial
thickness Velooity)o] oF.

 Lekhartds FElMe RERELC IR Bl Al R(G—94 Lockhart-Martinelli s}2}=] =
3} 27 5229 @ u—Xeo BHRE BRI M BERRAKUD/ 4D

CAP/BRITPE e
Do = (4p/d2)Lar (5-33)

o Bffzde HEY 9. ERezEd dEn

1000
#o| FW MRS EEEKE HHEZ Tidwol
e g gl o=, Schrock™ = jn#sl 7 -l

— ?‘ltt

00 > = 2 —EEhd, HEAERAE EHYE &
& BFESIQ . 2¥ 5-229 &, 0—Xud MR
AREHE o) B ME A A2 ADE g

10 > o mebd RG-IDAA KT ke B
\ 42, (Ap/d2)rppdt BEEBYHT el W] el 4
D rdN -
1001 01 1 10 100 w_T< de e o3
' ' X,y 7t gk 28Es RG-1D4A kXe KA
Fig 5.22 Lockhart-Martinelli friction factor F(5-16)dl A s BHmEEY BRTFAE
multiplier for all gas-liquid two-
phase flow(1) 5+—--——\/D(AP/AZ)“’F - (5-35)

4p

— 136 —



FE MRS ST D AR

ejrl.

A RHRATIAAD WETA, pi RIS EEAGT Karmand gk h e BUES
oA A GEE Teel srasl e ed. ol sk e o] 2,

Re ;=L
s
vt

—4 j wt (['\,v+ .................................................................... (5_36)
0
7F Bl AR ITCHIETA
T
b ” \/?[ .......................................................................... (5-37)

o] BRER A=V 70]/1 W e okl yEhe R ek B(G5-30 gelA el (EEGE
o} TR whikeleh. ) 5.23¢] Ressh pte] BHRE b v

T T T T Tl ool R R A

l\')‘—’

150 -1
+
y
100
90 p—— —
20 p— —
70 po— —
60 L —
350 p——m —
40 p— —
30— [
20 [ -
15 p— J
L RN N WA
1w’ 1.5 2 ) L) 5 ? 8 9 10 1.5 2 3 4 7 8 910

Re = &1/u,

Fig 5. 23 Assumed Correlation between 3* and Res

KgEsgE o)l 29 5.8, =y 5-9 % @ 5.10 i HAMe [Eael o] e Hete] K(5—16)
0k EEKE A 80 BRTCEEKETA 64% R(G-35)6 A Kb, WP Karmanel
RO e kR RG—3T) WS TR 309 BIRE 29 524, 1% 5:25 %
%) 5.26e] melvh. o] elel A oF gl whelzre] yizkel F Ml 8t9) ghel (5294 R
Skl s KEC] Prigel  A.76el EEhl 0=T.700 A o] vluhek, w49 ghel el U gt

o

el 77005k 04 AA S,
Ot BHBMRE A Fe] FAE W el A€ o= Aw, Dryout#iiiel @& wEukE
A Hiktel R 47 ffm . w+~:1-x1 o BB W kel Hel tel M

W BRI L e ob B, B
A b e & e

s e b R ) - Bl deEl oy e wilte] B o

— 137 —



19804F 37 BMBRWHEABHRIE F158

- 30 I 1 ) TTrTT 1
X
<20 R - 113 ,
'—: Pin = 3,243 Kg/Cm“a
+ X = -0,178
~ 10 in .
8 0,0 &o0 :
6 oo P 00200%0 o%d" ]
° ‘?,’og ° o % -
(o]
4 b= °503 % 4
°
| 0o _
2 -
1 L L 11 uigg [
10 20 40 60 80100 200

¥i = yu/o
dlg 5.24 Non-dimensional* hickness of laminar
sublayer in convection region(X;,=

—0. 178)
. 30 T T T T T TTT T
X
> R - 113 J
X 2
Iy Py, = 3.243 Kg/Cn“a
n
7\ xin = ~0,247
-
. oo 8§%00 -
° 0000000%00 i T
L ° o, =
2+ -
1 [ l il 1
10 20 40 60 80100 200

yi = ygu'/a
Fig 5.26 Non-dimensional thickness of laminar

sublayer in convection region(X;,=
—0. 332)

1 I T TTt 1
R - 113 R
Py, = 3.243 Xg/Cn’a

Xin = « 0,332

i N A RE 1
10 20 40 60 80100 200

y; = yyu'lo

Fig 5. 25 Non-dimensional thickness of laminar
sublayer in convection region(X;,=
—0.274

olel #H3 o F

& AR EAEBEHONA
WH R st °

3
Zo] EHH ],

6. % @&

ol v x]e ol R 2 FhFEM AT BB
rEYERRS] B BIFECI Y, BT ®etts
gl Folxl FEBMATAA BAMEY =] BN
ROERS Bl MY B pigst 2B
A4zl e},

AW A= PR BRIy W
RFTAEER BT BRAE #HEAoH, AN
HEAS el gl Aotk =T BB &
LR wmEES RRE e HEE Sk
of BAste Ry, Etkry HHEE T

TFoz Aftc ERpRME MEcE (197

9 No.9D)eo = HETHJEE W, 76 #MEE £ote vhelwlh

2 £ X ®

1) R.W.Lockhart and R.C. Martinelli, proposed correlation of data for isothermal two-phase, two-
component in pipes, Chem. Eng. Prog., Vol. 45, No. 1, 1949, pp 39-48
2) J.A.R.Bennett and J.D.Thornton, Data on the vertical flow of air-water mixtures in the

~ 138 —



10)

13)

14)

18)

19)

20)

AR s B! Ak
annular and dispersed flow regiont,Part 1: Prelimenary study, Trans. Instn. Chem. Engrs.,
Vol. 39, 1961, pp 161-112
T.Ueda and H. Tanaka, Studies of liquid film flow in the two-phase annular and annular-mist
flow regions, Part 1:Down flow in vertical flow, Bulletin of the JSME, Vol.17, No. 107,
May, 1974, pp 603-G13
D.R.Webb and G.F. Hewitt, Downwards co-current annular flow, Int. J. Multiphase flow,
Vol.2, pp 35-49
IR WMo Wi e W (D, BRODIE, $31%, F1%, 1979, pp 45~50
O. Baker, Simultaneous flow of oil and gas, Cil Gas J., Vol. 53, 1954, pp 185-190
G.F.Hewitt and N.S.Hall-Taylor, Annular two-phase flow, 1970, Pergamon Press
G.F.Hewitt, Liquid mass transport in annular two phase flow, 1979
ReE RV, B, WSEUEEMIT oo Wi ilge, S515[) [IARME o v RS oo, pp 214217, 1978
NS, REETN OWUER B0 MBI 0T, T TR BT R R B S,
1979
A.E.Bergles, J.P.Roos and J.B.Bourne. Investigation of boiling flow regimes and critical heat
flux, Quarty Progress Report, NYO-3304~10, Aug.-Mar., 1967
V.E.Schrock and L.M. Grossman, Forced convection boiling in tubes, Nuc. Sci. Eng., Vol.
12, 1962, pp 474-481
T.Ueda and M. Inoue, Heat transfer during annular flow condensation of steam inside tubes,
Bulletin of the JSME, Vol. 20, 147, 1977, pp 1174-1181
G.F. Hewitt, H. A.Kearsey, P.M.C. Lacey and D.]J.Pulling, Burnout and film flow in evap-
oration of water in tubes, AERE-R 4864
H. Langner, H.]J. Viecenz and Z.Zetzmann, Some special investigation of fluid behavior in two
phase flow at steady state and blowdown conditions; Flow pattern, Entrainment of annular
flow, Two Phase Transport and Reactor Safety, Vol. 1, Oct. 1976, Florida USA, Hemisphere
Publishing Corporaticn
T.Ueda, H.Tanaka and Y.Koizuni, Dryout of liquid film in high quality R-113 upflow in a
heated tube, Proc.6th Int. Heat Trans. Conf., Toronto, Canada, 1978, pp 423-428
L.S.Sterman, On the theory of heat exchange on boiling in pipes, Zhur. Tech. Fiz., 24, No.
2, 1954, pp 250-257, AERE Lib/Trans. 579
J.B. Chaddock and Brunemann, Forced convection borling of refrigerants in horizontal tubes-
Phase 3, Report HL-113, 1967
L.Pujol and A.H. Stenning, Effect of flow direction on the boiling heat transfer coefficient
in vertical tubes, Symp. Ser. Canadian Soc. Chem. Eng., No. 1, 1969, 401, Plenum Press,
pp 401-453
C.E.Dengler and J. N. Addoms, Heat transfer mechanism for vaporization of water in a vert-

ical tube, Chem. Eng. Prog. Symp. Ser., No.18, Vol. 52, pp 95-103

— 139 —



& )Collection |



