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Two—-phase Flow Characteristics of Refrigerant
in T-branch with Horizontal and Vertical Inlet Tube
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ABSTRACT: The present study investigated the two-phase flow characteristics of refri-
gerant R-22 in T-branch with horizontal and vertical inlet tube. The key experimental para-
meters were the orientation of inlet and branch tubes (horizontal and vertical), diameter ratio
of branch tube to inlet tube (1 and 061), inlet mass flux (200~500 kg/m?s) and inlet quality
(0.1~0.4). Predicted pressure profile agreed with the measured data within 25.4%. The flow
distribution ratio decreased as the mass flux increased. The flow distribution ratio decreased
by 12~25% as the tube diameter ratio decreased from 1 to 0.61, and decreased by 38~47%
as the orientation of branch changed from horizontal to vertical upward for horizontal inlet
tubes. As the orientation of inlet tube changed from horizontal to vertical upward for hori-
zontal branch, the flow distribution ratio increased by 15~68%, but the quality in the branch
tube decreased by 28~92% due to phase separation.

Key words: Two-phase flow(24 #%), R-22 refrigerant(R-22 W ulj), T-branch(T¥ &A1),
Flow distribution ratio(+ %% 4l¥]), phase separation(’$ &)
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1. Test section 2. Separator
3. Gas mass flowmeter 4. Liquid mass flowmeter
5. Plate heat exchanger 6. Inlet port
7. Receiver 8. Filter
9. Refrigerant pump 10. Liquid mass flowmeter
11. Pre-heater
Fig. 1 Schematic diagram of experimental sys-
tem.
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Table 1 Specifications of the test section
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Case Orientation of | Orientation of Arrangement Inner diameter | Tube diameter
inlet tube branch tube g of branch tube ratio
A g 8.12 mm 1
horizontal horizontal 1 ™~ : 2
A(ID 3 4.95 mm 061
B(D 3 t o 8.12 mm 1
horizontal  |vertical upward —_— —
B(ID 1 2 4.95 mm 0.61
2
c . 8.12 mm 1
vertical . —_—
J horizontal 3
cun upwar T 1 4,95 mm 061
gowA o7y AFFEI HE, 218 Table olgf] 21(2~3)3 o] vehd 4 gith
1o Yebd 71813H3 W4 So) faiule e
‘21 9] “‘—if éoﬂ I ]'\_‘:’ 036}’% /gé_jz-—]—o-i —%/\]'7‘5]' (AP1—3)]=(API—S)rev.+(APl—3)irrev. (2)
Moffat™e] AAE LANAREE BT AP (APy_3) ey, = 2= G A=x) 42

Buln] AEzte LA H(SM+/M+H)E A B
s} Co| Aol dted Z2t £15~35%, £2.6~
53%, £1.0~26%% o8, EA# U Az L3

2

erL

A @yl el vk EAASE K| 3E Gardel”

of A@Ag ol gste] thest go AL

HA(Ox3/xy)F ZV2ZF £59~14.0%, £4.8~9.7%,

+50~14.0%%%. Ky-5=0.95[1— (M)
+0.8(M+)1—(M+)1+1.3(M+)?

3. 2| Ul gr2{wst of =

M+e QFHIAY F
Ao ARFR W2 oAk A@AA %
N %% Chisholm and Sutherland"”
o AN T AT G oY FF HE

A7 T Aolsl FFUs) Y £F
kel ] A o o 1 o o -

pudde Ben 2ol ol dE WZvel WA oo Ly
Hoz ey # 9l

4

Ffr gl A EAwel

A 4B 0183 TG

X2 2
1 (1—x1)
(4P\_y) ;=% D) {Gl( a,0¢ + (I—a)oL

2 2
2 %2 (1—x,) )
Gz( az0¢ * (1-a)er

4. Mg

il

—_ —
—
—
~

41 SN

da # 2

L}

NEse zviel /32 BBAL gl Aus  Fig 25 AW AW ol #EIAA 1)
gon AS o) A2 dFHEI BEAFH A g 7Ee 5G] HARE B A7 AP
ole] 749 AWMt M= FAHA AHE o thated el Tjolrh 43 FEATel o
HAck dT+H } 2AB AtoldME= 79 E o A& Fig. 2(a)dl Taitel and Dukler(1976)9]

Pzl ol9jo] {59 WFHE A eI & LA A=E, 73

4E BEAD M=

fl

Fho| o1& n|7td A gt Etsto] A &b Fig. 2(b)ol Hewitt and Roberts(1969)9] #%%



744 AR -

AEE 47 Jeldt. £33 Yo f5U¢4
#Ho] 812mmdA -2 495mme FFd

o
=2
N
o>
lo,
Ir )
oX
)
iy
L

grgsbrl Eate @A Ak Ad
02 dAHeRr ZE AFFE o
E2F9(0.1~02)NM HdF(churn flow)7h, ¥
A= 2 E(0.3~04)04 77 YES

10
D, 8.12mm 4.95mm
G200 © -®
G300 -8 W
x=0.4 G400 - -
G500 -A- A
w Annular flow Bubbly fiow
1 F
Wavy flow Intermittent flow
0.1 . L .
10-2 107 10 102

(a) Taitel and Dukler's flow pattern map (1976)
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(b) Hewitt and Roberts’ flow pattern map
(1969) for vertical straight tube

Fig. 2 Flow pattern in straight tubes.
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Fig. 3 Pressure drop in horizontal inlet tube
for case A(I).
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Fig. 5 Flow distribution ratio for horizontal
inlet tube (Cases A and B).
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Fig. 6 Phase separation for horizontal inlet tube
(Cases A and B).
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Fig. 7 Flow distribution ratio for horizontal
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