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Development of Compact Gas-Liquid Separator using Surface Tension Force

JEE [ENE - = W [
SHIKAZONO Naoki IWATA Hiroshi WATARAI Kazutaka

Abstract In the present study, a novel gas-liquid separator using surface tension force is
proposed and its performance is evaluated. The gas bubbles are forced out from the liquid flow
at the expanding section by the minimization effect of excess gas-liquid interface free energy,
while the liquid phase remains confined inside the micro grooves. Two major gas-liquid
separation limits, i.e., (1) flooding limit at high liquid flow rate, and (2) entrainment limit at high
gas flow rate are observed and investigated by air-water experiment. Dimensionless correlation for
predicting gas-liquid separation limits is proposed. Based on the knowledge from the air-water
experiment, a compact gas-liquid separator for R-410A system is developed and the basic
characteristics of the separator in refrigerant cycle are investigated. The volume of the present
separator is 1/7 compared to that of the conventional separators. Pressure drop reduction in an
evaporator is confirmed by bypassing the gas from the evaporator. Finally, a series of 4-16kW
capacity gas-liquid separators for practical use is developed.

Keywords: Gas-liquid Two-phase Flow, Heat Pump, Surface Tension, Gas-liquid Separator,
Micro Groove
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Fig. 1 Schematic of the gas-liquid separator.
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Fig. 3 Cross section of the grooves.
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Table 1 Specification of the test section.

Cross section shape Triangle | Triangle | Trapezoid
Groove pitch b (mm) 13 20 13
Groove hydraulic
_ (mm) 0.83 124 128
diameter Dy,
Groove cross section
(mm?) 0.99 224 174
area A
Crest diameter D; (mm) 6.4 95 6.4
Base diameter D, (mm) 94 141 94
Contracted ~ section
(mm) 42 62 63
length L.
Expanded  section
(mm) 15, 29 44 29
length Le
Gas outlet pipe
mm 09 13 0.9
thickness t (mm)
xln
1
Point D — LineC
J Eq. 3)
Line A /,’
Ea. (1) / Point B
{ \1 S Eq. (2) Welwi=1-1
C ’o! ‘
0 \ \ 1 wywy
(100-R)% | R% |

Fig. 4 Gas-liquid separation line.
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(c) Trapezoidal groove b = 1.3 mm
Fig. 5 Liquid non-recovery rate for L, = 4.6D;.
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Fig. 7 Flooding limit liquid flow rate.
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Fig. 8 Correlation for the flooding limit rate.
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Fig. 15 Reduction of pressure drop.
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