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Critical Heat Flux in Two Phase Thermosyphon

(Relationship between maximum falling liquid rate
and instability on interface of falling liquid)

Masanori MONDE, Yuhichi MITSUTAKE, and Takesi HATAYA

ABSTRACT

Critical heat flux in a two-phase thermosyphon is usually dealt with from two different
ways: one is a maximum falling liquid rate due to the envelope method, the other one
due to the instability. The difference between the maximum and instability criteria is
first made clear. The CHF in the thermosyphon is shown to be predicted well by the

maximum liquid rate due to the maximum criterion better than due to the

instability criterion. In addition, comparison implies that CHF phenomenon in the
thermosyphon is considered to be caused when the falling liquid reaches the maximum

value rather than when the instability of the falling liquid on the interface is brought

about.

Key words: Phase Change, Critical Heat Flux, Flooding, Maximum Falling Liquid

Rate, Flow Instability, Thermosyphon
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Fig.2 Comparison of analytical predictions and the existing correlations
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Table 2
[4(C«k*Bo)' " for D=5-11mmandLid= 5 -
maximum point

(a) Estimation from Eq.(11)

P MPa k Ca [4/(Cwk ® Bo)]' 7"
Water 0.1  5.89 - 4.47 40.9 - 10.7 0.69 - 0.68
R113 0.1 2.82-1.88 11.5 - 7.99 0.71 - 0.83
03 248-171 8.80 - 8.46 0.72 - 0.83
05 221-156 8.74 - 8.86 0.73 - 0.83
R22 1.1 224-155 9.79 - 9.51 0.88 - 0.92
1.7 1.89-134 9.43 - 7.03 0.89 - 0.92
24 1.63-117 7.91-6.79 0.91 - 0.92
31 143-104 7.86 - 5.65 0.92 - 0.93

(b)Estimation from Eq.(10)

P MPa k C. [4/(Cwk * Bo)]' “*
Water 01 1.70-3.73 26.6 - 4.02 0.81 - 0.97
R113 0.1 1.36-0.62 5.61 - 2.58 0.94 - 1.15
03 1.28-058 4.58 - 2.97 1.01 - 1.23
0.5  1.20-0.55 4.14 - 3.08 1.04 - 1.26
R22 1.1 1.30-0.59 452 -3.26 1.07 - 1.28
1.7 1.15-052 4.80 - 3.13 1.11 - 1.32
2.4  097-044 495 - 2.65 1.14 - 1.35
31 0.79-0.36 4.85-1.96 1.18 - 1.39
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Fig.d3 Value of k at the intersection of Eqs.(3) and (9 vs. o v 0 ¢

(Water: p ./ o ¢=1602, R113:p /0 c=40.0-204,
R22: p v/ P 6=6.17-25.0 )
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Table 3 Comparison of maximum and instability criteria for countercurrent flow

Governing equation(force balance)
for falling liquid film along tube
F(ft.*:jﬁ*7a) =0
Maximum criterion Instability criterion
The derivative with respect to a gives | Helmholtz instability gives
172 A
; aF - Sfu* . a
Flood'lr_lg ((pc;/pf.) Je¢ sl s )_0 (1+pa,‘p‘)(2.frfl-l!(Rv";))‘
Condition da
a
]
is identical to Po g +u,)
G G * Unknown parameter, A is added,
G _ L_p then one relation between X and film
da da thickness is used to reduced it. A
new value, k is introduced.
or
A=d4x(l+ p, / p,)ké
J "G _ 6 *L _ 0
i a5 By eliminating a, envelope line is
generated:
By eliminating a, envelope line is _ :
generated: g(fc *,jL*,k)SO
fGs*Ji,*)=0 The k value can be determined by
experiment.
Continuity equation for the thermosyphon
Thermosyphon lrsz* . psmjs *
The maximum value of jc* can be calculated, and
then the CHF is obtained.




$ATE THABAY A 7 x > DIRFREAFH 51

Jo Flo, KAV, pL/pec DINIWEEHTH(13).
(LY @LUE->TWWBDIE, C1 >> 1, §/D<<1,u
L<<uc ELIRENBAICHBEINE AL -T2
tbeEIOSND,
BOMARBBITEARERITOHEBAIIOWT
BARBRIN AKX ERITOMBREL T DD L% 3
DEIKL B ZIWEFRENBEIHIC.BEOPTAE
(RB -T2 AR ALERFT TCREHAELARALE
KB EEZOHENFALALUYHEELLTRATLZ D
T.COBRERETILHORENBAZINTL S, &
LT.Z0RELSHEIN-RIZ. ERWICAT T
k(X1 AN kDE) hoREZINTUL S, EL
RERSAAENRELERATHREIN TS . —F .
BAREBIN TR . ZOLIANEERL SHELL XK
TERXOEFORUI SRAKENEEINATILS,

4 K B MR T & A& E AT O B

@I lZFRENhD EHI1C. H2HEAS FET
REDBRRKICAZDEVIRUND . H->T . BRHF A7
T/ NDOBRBERVPEZORRAE T THIMEA T &
EENOHRN IS ENE _HBEICES, TORBRE
FTTR.AAS FER R THERNOEKNICEALTL S
FACAMADEBREECAMADENEHEH DAL EEF
BENS WM THEGBARGEBEE L2 E, FENER
HEBESIND. T LT, A REHN. KEOBAME
KEZL, BiciEXNEMENBE, K@) IR
BEEULM (B BHFELELARE, COHE. &
REZBARNW R EFETES R THECSHERATIC
FREWTOW2EEHE (FICELELT
D)) R ABMICKEZ RO, RREHICHEZ D &
EZIOoND. W T ARERE (FREEB) 2. RE
HERATHEOFKENBEAMEICHZRICEN S
AR THAETH I EBRICERIIIFIA3 LS
ATHBRRESBREICHET IHNCAREELBRN
Thd, 2T RADOk O, REE AN H
BEN TV IS T T REKRTLTLW2EHATD
FEEOREAZFHALALOT. FORENREOL R
RBEERL T EIE, BICRHILETHZ, —H.
A10DHE. REFERT. KE)OBAEICH AL Y #
ELTVS, SR 7579 FUrRESICEIDEVLR
RTD k oEREXIohTWEpEBbn 3,
SKE W

—ARTFA T+ VORARBERIINT 220087
AR AEICH LT . HBERHENTHOOU.UTOREES
B,

DBEARBRBHROFTN. FALERTLVBRARAER %
SURERSCFALTL S,

QRABREOREERZ. KHATORLEICL - THI
ERIINDEEZDLIDVOATHELNRKICH - -
EZILFIEEBIZNILEZINLTNEYTH S,
CREAEMOAREIX. HTHENRKICK S B
HHEINIRELEEILHFPARTH S,

X [

1. Bankoff, S. G. and Lee, S. C., A critical review of the
flooding literature, Multiphase
pp.95-180, Hemisphere, (1986).
2. Wallis, G. B., One Dimensional Two-Phase Flow,
McGraw-Hill, New York, (1969).

3. Tien, C. L., A simple analytical model for counter-current

Science and Technology, 2,

flow limiting phenomena with vapor condensation, Letters
in Heat and Mass Transfer, 4 (1977), pp231-238.

4. Bharathan, D. , Wallis, G. B., and Richter, H. J., Air-
water countercurrent annular flow , EPRI, Rep., NP-1165,
(1979).

5. Taitel, Y., Barnea, D, and Dukler, A. E., A film model for
prediction of flooding and flow reversal for gas-liquid flow,
8,(1982), 1-22.

6. Bharathan, D. and Wallis, G. B., Air-water countercurrent
annular flow, Int. J. Multiphase Flow, 9, (1983), 349-366.
7. AR RB. MEAS. MEF—. ARAKKBRR -8
MBI E77 974 7OBFFE. Bk . 42-362 (1976),
3247.

8. Katto, Y., Limit conditions of steady-state countercurrent

Int. J. Multiphase Flow,

annular flow and onset of flooding, Int. J. Multiphase Flow,
20, (1994),  45.

9. it EX, BERBICE T ANE - HELE FAEE
TORFABRFERICHMT 2MTAOPFE. 8% B. 60-580
(1994), 4222.

10. PIHECRI, XRE—. EREF. — BT A7+~
DRABAROBINHFR(BRAR THEEBRERFER
DREIZDWT) | #5 B. 61-591(1995), 4101.

11 BRI, ZRE—. RRME—. HHRBEBRY 1 7 »
v DR F#GE R O KB 6P FE B % B.62-594(1996), 729.
12. BRI ZRE—. H LM, —H@BY A7 4+~
ODRABFROBITOBIIE, B, 59-560 (1993),1258.
13. Richter, H. J., Flooding in Tubes and annuli, Int. J.
Multiphase Flow, 7 (1981), 647.

14. Imura, H., Kusuda, H., and Funatsu, S.,

velocity in a countercurrent annular two-phase flow,

Flooding

chemical Engineering Science, Vol.32, (1977), 79.

15. Tien, C. L. and Chung, K. S., Entrainment limits in heat
pipes, AIAA 1.,17(1979), 643.

16. Moissis, R., The transition from slug to homogeneous
two-phase flows, Trans. ASME, Ser. C, 85-4(1963), 366.
17. Anshus, B. E., On the asymptotic solution to the falling



52 FIHER « XoEHE— - HAEE

film stability problem, Ind. Eng. Chem. Fund., 11, (1972),
502.

18. Imura, H.,Sasaguchi, K., Kozai, H., and Numata, S.,
Critical heat flux in a closed two-phase thermosyphon, Int.
J. Heat Mass Transfer, 26 (1983), 1181.

19. Tippets, F. E., Analysis of the critical heat-flux
condition in high-pressure boiling water flows, Trans.
ASME, Ser. C, 86-1, (1964), 23.

20. Smirov, Ye. L, Critical heat flux in flooding in vertical
channels, Heat Transfer-Soviet_ Research, 16-3, (1984), 19.

T A: AQOBERUREEAMIEN KT, iT#
T CAKCUTORERTER 5N B,

_ 160
¥  Re,
= exp{5.4862 - 2.1028 In(Re,)
+ 0.11855(In(Re,)) ® + 0.0013035
x (In(Re,;))*} (160 < Re, =10%) (17-b)
= 0.079 Re, " (104 < Re, ) (17-¢)

(Re, =160) (17 -a)

16.0 A
- < 18-
" Re, oxp(a) 1 (Rec $2900)  (18-a)
Re, - 2900

= 11000 - 2900 (%8 Cu - Cu) + €

(2900 < Re, =<11000) (18-b)
Re, - 11000

= 20000 ~ 11000 (.,  08Cu) + 0.8C,,

(11000 < Re, < 20000) (18-c)
= 0.005 + m(26 /D)"
(20000 < Re, )  (18-d)

e

e

T

4T Dj,

Re, =
il Mg By
Re, _wtu,)D  Djg ( 2 Lo
Vo, Vsa l-a p,
a D/L
A= Re
32001+ a/(-a)(p 4/0 ,» ¢
C,, =C, (Re, =2900)
c _=c (Re, =20000)

i
m = 0.2574(Bo*/2)" 10
n =163 + 4.74/Bo*

9.07/Be

Bo* = \/(p, - p,)gD* /o
26/D=1- Ja
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