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A Study on Two-Phase Flow Pattern of Pure Refrigerants R134a
and R123 and Zeotropic Mixture R134a/R123 in Horizontal Tub:
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Abstract

Two-phase flow pattern data during horizontal in-tube flow boiling are presented for pure and mixed
refrigerants of R134a and R123. The flow pattern is observed through tubular sight glasses located at inlet
and outlet of the test section, which is made of a stainless steel tube, 2m long with 10mm LD., 1.5mm wall
thickness. The obtained results are compared with the available various correlations for flow pattern. The flow
pattern map of Hashizume was in good agreement with the present data except the region of low mass
velocity. Weisman flow pattern map was also known to satisfactorily predict data for refrigerants in the
region of annular flow. In this study, the flow pattern are simply classified into two groups;
stratified(including intermittent, stratified and stratified-wavy) flow and annular flow. The transition quality
from stratified to annular flow was obtained by modifying the liquid Froude number.
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Table 1 Physical properties for the saturation
temperature at 0.6MPa

Mixture
Pure fluid (X,=0.49)
Property
R-134a R-123 Ri34a/
R123
Saturation °C 21.6 88.2 389
temperature Kl [294.7) [361.4] (312.1]
Density liquid 1218.8 1285.3 1304
(kg/m3) vapor 29.06 35.92 29.07
Viscosity liquid 210 223 251
(uPa - s) vapor 12.3 12.9 126
Specific heat| liquid 1.42 1.107 1.21
(kJ/kg - K) vapor 1.01 0.85 1.02
Latent heat (kJ/kg) 181.1 1406 1711
Surface tension {mN/m)| 838 8.03 9.87
Al o] A ErhE MRS A4 dAE

34¢ Agstd 239 9 9 exERy AL
stk AgRs dare

glass)2 & wEHo] Qx|

sholw] 22 2 (fiber
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Table 2 Acentric factor and properties at critical state

R134a R123

Acentric factor 0.332 0.276
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(1) Intermittent flow ($=0.001) (1) Stratified flow (B =0.07)

(2) Stratified flow (f =0.1) (2) Wavy flow (B =0.15) ’ (2) Wavy/annular flow (B =0.15)

(3) Wavy flow (B =0.29) (3) Wavy flow (B =0.29) (3) Annular flow (§ =0.24)

(4) Wavy flow (§ =0.49) (4) Wavy/annular flow (f =0.39) (4) Annular flow (p =0.48)

(5) Wavy/annular flow (B =0.59) (5) Annular flow (B =0.88) (5) Annular flow (§ =0.66)
(a) G=150 kg/m?s (b) G=300 kg/m?s (c) G=600 kg/m?s

Fig. 3 Typical Pictures of flow patterns for R134a

(1) Stratified flow (B =0.11) (1) Stratified/Wavy flow (B =0.07)

S—

i

(2) Wavy/Annular flow (f =0.15)

(2) Wavy flow (B =0.26)

(3) Wavy flow (B =0.39) (3) Annular flow (B =0.26)

(4) Wavy/annular flow (B =0.52) (4) Annular flow (B =0.44)

(5) Annular flow (B =0.82) (5) Annular flow (B =0.88) (5) Annular flow (B =0.61)

(a) G=150 kg/m’s (b) G=300 kg/m’s (c) G=600 kg/m’s

Fig. 4 Typical pictures of flow patterns for Mixture (X,=0.49)
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