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Study on the Prediction of Pressure Drop for
Alternative Refrigerants with lubricant in Micro-Fin Tubes

Jun Y. Choi, Jinho Lee
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Abstract

This paper presents a pressure drop correlation for evaporation and condensation of altermative
refrigerant with oil in micro-fin tubes. The correlation was developed from a data base consisting of
oil-free pure and mixed refrigerants in micro-fin tube; R125, R134a, R32, R410a(R32/R125 50/50 %
mass), R22, R407c(R32/R125/R134a, 23/25/52 % mass) and R32/R134a(25/75 % mass). The micro-fin
tube used in this jpaper had 60, 0.2 mm high fins with a 18 helix angle. The cross sectional flow area
(Aowas 608 mm~ giving an equivalent smooth diameter(D.) of 8.8 mm. The hydraulic diameter (Ds)
was estimated to the 545 mm. The new correlation was obtained by replacing the friction factor and
the tube-diameter in Bo Pierre correlation by a friction factor derived from pressure drop data for a
micro-fin tube and the hydraulic diameter, respectively. This corrclation was also used to predict some
pressure data with a lubricant after using a mixing viscosity rule of lubricants and refrigerants. As a

iegsul“? the new correlation was also well predicted to the measured data within a mean deviation of
.0%.

i viscosity (N/ms?)
7|5 MY v specific volume(m'/kg)
=< P densityffr(kg( o)
P @ mass fraction
English Letter Symbol g YOII(OZfiki'S facftor -
. mole fraction tfor liqui
flli‘grsrfgtsei%gxf)n al fiov: area(mm) Q mole fraction for vapor
outside diameter(mm -
fin height(mm) Subscripts

friction factor

mass flux(kg/m’s) BP Bo Pierre

*2gErTone pop

f friction or liquid
enthalpy(k]J/kg)
tube length(m) g equivalent
mass . h hydraulic
mass fraction i component
molecular weight n new
quality (%) oil [ubricant
ref refrigerant
Greek Letter Symbol TP, tp two-phase
B helix angle(degree) Nondimensional number
* A} A % .
o AH7IEAEY K= two-phase number
A8 Le
Re= —CiD Reynolds number
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Fig. 1 Schematic diagram of refrigerant and
lubricant mixture inside micro-fin tube
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Fig. 2 Cross section of test section
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Table 1 Test conditions for refrigerant/oil mixture

Refrig . Oil
erants Tube Ol Concentration(%)
Smooth- | 150 SUS Nap.| 1.3 24 49
RI2 (3/8 inch) | 300 SUS Nap.| 12 24 48
Micro-fin-| 150 SUS Nap.| 1.3 24 49
(3/8 inch) | 300 SUS Nap.| 12 24 48
Smooth- 169 SUS e-m | 05 1.0 1.9 29 50
(3/8 inch) | 369 SUS e-m | 06 1.1 2.4 50
150 SUS e-b | 1.1 24 5.0
Micro-fin-| 169 SUS e-m { 05 1.0 1.9 29 50
(3/8 inch) | 369 SUS e-m | 06 1.1 24 50
Ri34a 150 SUS e-b | 1.1 24 50
Smooth~ 169 SUS e-m | 1.3 2.3 49
(1/2 inch)
Micro—fin-; 169 SUS e-m | 1.3 2.3 49
(1/2 inch)
Smooth- 150 SUS M. 12 2549
R22 (3/8 inch) | 300 SUS M. 06 1.3 26 50
Micro-fin-| 150 SUS M. 132451
(3/8 inch) | 300 SUS M. 06 13 26 50
Nap. : naphthenic
§/I: : Kv/fmeral

Ayl BuUESFo) oF 125~130 kg/m’sLd,
RI2¢} Uz e £F9 FYE 150SUS, 300SUS
¢l oo TFE, R134as} dl2gR9 AHAA
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Fig. 3 Mixing viscosity of some mixtures
to oil mole fraction

wom - l "
S E g naeh Ust nd SUHepithenic ol

o 4 D ROmUSS s B s ot WS enibed
w:_ N ] m“mm.'m“.

fg‘ ';::‘* _n-m-mwm:

- ——

Fig. 4 Reynolds Number of some mixtures
to oil mole fraction
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Fig. 5 Comparison of condensation pressure
drop with oil in smooth tubes
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Fig. 6 Comparison of condensation pressure
drop with oil in micro-fin
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Fig. 7 Comparison of evaporation pressure
drop with oil in smooth tube
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Fig. 8 Comparison of evaporation pressure
drop with oil in micro-fin tube
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