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Characteristics of T-phase flow distribution and pressure drop in a
horizontal T-type evaporator tube

4 3 &, x 3 9, = & 7

J. H. Park, Keumnam Cho, H. G. Cho

Key words: Horizontal tee(5*# tee), R-22, Separation ratio(¥2]Hl), Pressure drop(%87s}h), Mass
flow ratio(%H4])

ABSTRACT

The objective of the present study is to investigate the effect of experimetal parameters on
the hydrodynamic characteristics in a horizontal tee-type evaporator using R-22. The
experimental apparatus consisted of an unheated tee-type test section, a liquid-vapor
separator, a preheater, mass flow meters, a plate heat exchanger, pump, and other
measurement devices. The experimental parameters were mass flux(500 and 600 kg/mzs),
inlet quality(0.1~0.3) and separation ratio(0.3~0.7). Absolute pressure at the inlet of the test
section was 0.652 MPa. The branch-to-inlet inner diameter ratio was 0.61. Pressure gradient
at the branch section was larger than that at the run section at the same separation ratio.
Pressure drop per unit length increased at the run section and decreased at the branch
section as the separation ratio increased. Pressure drop predicted by the separated flow model
agreed with experimental data within -35 to +16%. Generally, predicted values showed
similar trend with the data. Mass flow ratio of vapor refrigerant was affected by the inlet
quality more than the mass flux.
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600 kg/m’s and separation ratio
of 0.3.
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Fig. 7 Mass flow ratio with respect to
the inlet quality at the separation
ratio of 0.3.

0112 60%71F Z4sAc =3 27349 ¥
Z7] FFHE 00694 01322 110%FE F7}
3z 7Y Weld F3ulE 064914 058

oFZt Z&d AT &, Edult 0322 L
2@ AEFrte wmE WoFEy)
of ek HE¢FEFe Frdz EFsn #X
2 z2& YuFrigol BUE AL ¢ F

AFHEo] 600 kg/m’sY W PR YFAE
7t F7rgtel @ B Yol Er] f3ule
0.07914 0.092 30%ABE =789z, 2xa W
ofol ke 027904 02302 o7t FAFR
o E=3 E73 P9IVl F3HE 00304
0212 600%AEZ IA Z713l9 %, 278 4
ol FFHl= 067914 0482 29%AHE Hxd
Ak AFFE0] 600 kg/m’s Sl APR
AFAES} 0144 032 F71E W ARHS
o] 500 kg/m’sd A% vz F7AUE =
2E YujFrie o] AUlAez AA FIHER

1.2
G=500
1.0 Ehim i
0.8
.E 0.6 branch
2
0.4
:::23::+F
02t SN 4 EN 0
run
0 0.1 0.2 0.3
X!
1.2
1.0
0.8
2 os
E
0.4
0.2

Fig. 8 Mass flow ratio with respect to
the inlet quality at the separation
ratio of 0.7.



% T¥ 52T

kool AER A7 BB FEFAY A
S BE ZAJA @AFEINZL, ETFEN H
FYHE gy FFFFoINoY AFRE T
AE7 019 A$ AZFHLo] 500 kg/m’solA
600 kg/m’s2.2 Z7IAe W deHor §5%
Aol AAFFEFNN EHaFELE WA Ao
FFL B Rog AaHw FI BFH L0
AoRez 2 A% ATFAE Tt gE %
o] 24% 5T Zvld wE FAF(Pgx 2 F
S1=3

Fig. 82 Egu|7F 2 0780 A$ AFHFHo
5003 600 kg/m’sd ™ HFHFulo] vHE ¢
TAEe 93 & Fig. 74 9% FHz el
I Aot Fig. 79149 vt 2 EAgx &7
Foll dig = axe] Ax WA g £
5 d3HY v A Egulst 079E ¢ + A
. 2%"5“" o] 500 kg/m’sd @ YFAEI 0.1
oA 0322 Z7ige] wa B FeE7)
Sl E 008 A 022 250% Z7hstgal &+
FU EeiE7) FFelE 002904 018 500%
=2 3A Z/sgnh A&l 600 ke/m’sY
W JTFAET 01904 03202 Zhghe)] mat 2
APy WoFr) FFEEE 00990AM 02302
250% Z7tstem &7dd YeuEr) f3ue
0.0099 A 0.0742 800% AT F/184t)

2zt 2 07 399 2vr) e 034 %

HaPe o, dolFrle AFfFgue AF

ko)

FEuTE ATAES 9FE o PEGE A
& & Uit

EZ78JY duisrle f#Fu7 dAA F
st e Byt & AS JEYes &4
W BEEEFo FE AHAAN YFAE F7b
o 7149 HFEFHF FUHF uE T
Boigr] fF8le F7t2 Jehdr] gieldh

548

(1) 235 &3 Alole EAgME ¢EA
T, 2R EXG Aol EAME ¢HZa
7b ot BAwe #Aol &4@ERY g
B, EEuivt 548 o EA A @y 2
ol gl A Ay wE EABY ¢HY
3 71&717F o Ziotﬂ Banyl 248 vy 7
ojd deAEE EFT kel

g A

W 23 %9] fakiul 2 e B4 667

A F7 3

2 2o &340 PP e 24
W gEAskgkel, EaEg BEx#Ed 48t
ASoE AW hHEAsel M A o
FAE A A, EYurt FME £E £
A#W AEE FT7ietd ™A S8R 2
T Axe Fadd gEFAse #ZFaFo
vl JFAES 03 AL AZFRE] F
Mg o 2an EX#Y g"EHAse #2d
=3

(3) EEFF 2l % dFAe
-35%~+16% HHNA X% #AFE 2
o &g 011%7"]&‘:} & ) ¢ o
&3 A= ?
v B AEAA t};?_;\ﬂ b g m AFREo] 600
kg/m’sq] ZAY AS$ =ag B
gtoll M E AL F d5sA 2o

(4) WolFrle] AFfFue 4

Az 9%E ¢ wekon ol:

ﬁ-—\._—%am] e A JTHE Z7]‘°ﬂ o

de] HEEEH S/ vz E573d dvF
o] f#nle Z7l2 el ool

% 7|
£ a7E 9TAgAY A4 AU 32
e A9¥"ATAR AL mcm&kmw
gg APt

&3 23

1. Lahey, Jr, R. T. 1986 Current under-
standing of phase separation mechanisms in
branching conduits, Nuclear Engineering and
Design, Vol. 95, pp. 145-161.

2. Penmatcha, V. J., Ashton, P. ], and
Shoham, O., 1996, Two-phase stratified flow
spliting at a T-junction with an inclined
branch arm, Int. ]J. Multiphase Flow, Vol
22, No. 6, pp. 1105-1122.

3. Azzopardi, B. ]., 1984, The effect of the side
arm diameter on the two-phase flow split
at a tee junction, Int. J. Multiphase Flow,
Vol. 10, pp. 509-512.



668 BaE

4. Honan, T. J. and Lahey, Jr., R. T. 1981,
The measurement of phase separation in
Wyes and Tees, Nuclear Engineering and
Design, Vol. 64, pp. 93-102.

5. Buell, J. R, Soliman, H. M., and Sims, G.
E., 1994, Two-phase pressure drop and
phase distribution at a horizontal Tee junc-
tion, Int. J. Multiphase Flow, Vol. 20, No.
5, pp.819-836.

6. Saba, N. and Lahey, Jr, R. T. 1984, The
analysis of phase separation phenomena in
branching conduits, Int. J. Multiphase Flow,
Vol. 10, pp. 1-20. Multiphase Flow, Vol. 14,
No. 4, pp. 425-438. :

7. Reimann, J. and Seeger, W., 1986, Two-
phase flow in a T-junction with a horizon-
tal inlet.,, Part II: Pressure Differences, Int.
J. Multiphase Flow, Vol. 12, No. 4, pp.
265-285.

8. Rubel, M. T., Soliman, H. M., and Sims, G.
E., 1988, Phase distribution during steam-
water flow in a horizontal T-junction, Int.
J. Multiphase Flow, Vol. 14, No. 4, pp.
425-438.

9. Peng, F., Shoukri, M. and Chan. A. M. C,,
1996, Effect of branch orientation on
annular two-phase flow in T-junction,
Transaction of the ASME, Journal of Fluid
Engineering, Vol. 118, pp. 166-171.

10. Rubel, M. T., Timmerman, B. D., Soliman,
H. M, Sims, G. E, and Ebadian, M. A,
1994, Phase distribution of high pressure
steam-water flow at large-diameter Tee
junctions, Transaction of the ASME,
Journal of Fluid Engineering, Vol. 116,
September, pp. 166-171.

- 23 - 234

11. Ballyk, J. D., Shoukri, M. and Chan. A. M.
C., 1988, Steam-water annular flow in a
horizontal dividing T-junction, Int. J.
Multiphase Flow, Vol. 14, pp. 265-285.

12. AF%, 1993, HAE7] FEBN 24F FF
Eojol #¢ dF (AlRmERE) 1993,
BE - TX258, A124, A1E, pp. 1-20.

13. Watanabe, M., Katsuta, M., and Nagata, K.,
1995, General characteristics of two—phase
flow distribution in a multipass tube, Heat
Transfer-Japanese Research, Vol. 24, No. 1,
pp. 32-44.

14. McAdams, W. H., Woods, W. K., and
Bryon, R. L. 1942, Vaporization inside
horizontal tubes-II. Bezene-cil mixtures,
Transaction of the ASME, pp. 193-200.

15. ASHRAE, 1997, ASHRAE Handbook-
Fundmentals, Chapter 19, p. 19-9.

16. Lockhart, R. W. and Martinelli, R. C., 1949,
Proposed correlaltion of data for isothermal
two-phase two-component flow in pipes,
Chemical Engineering Progress. Vol. 45, pp.
39-48.

17. Chisholm, D., 1967, Pressure loss in bends
and tees during steam/water flow, NEL
Report, No. 318.

18. Lahey, R. T. Jr. and Moody, F. ]J. 1977,
The thermal-hydraulics of a boiling water
nuclear reactor, ANS Momograph.

19. Fried, E. and Idelchik, 1. E. 1989, Flow
resistance, Hemisphere, New York, p. 230.
20. Fouda, A. E. and Rhodes, E. 1974,
Two-phase annular flow stream dividing in
a simple Tee, Transaction of Institution of

Chemical Engineers, Vol. 52, pp. 354-360.



