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manhoe.kim@knu.ac.kr Abstract >> This paper presents two-phase condensation heat transfer and pressure

drop characteristics of R32 and R454B as an alternative refrigerant to R410A in a
9.52 mm OD microfin tube. The test facility has a straight, horizontal test section with
an active length of 2.0 m and is cooled by cold water circulated in a surrounding an-
nular space. The heat transfer coefficients of the annular space were obtained using
the modified Wilson plot method. Average condensation heat transfer coefficient
and pressure drop data are presented at the condensation temperature of 35°C for
the range of mass flux 100-400 kg/m2s. The average condensation heat transfer co-
efficients of R32 refrigerant are 35-47% higher than R410A at the mass flux consid-
ered in the study, while R454B data are similar to R410A. The average pressure drop
of R32 and R454B are much higher than R410A and they are 134-224% and
151-215% of R410A, respectively. R32 and R454B have relatively low GWP and
high heat transfer characteristics, so they are suitable as alternatives for R410A.
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Nomenclature M flow meter
LMTD : log mean temperature difference
DP : differential pressure sensor NBP : normal boiling point
GWP : global warming potential OD  : outer diameter
HFC : hydrofluoro-carbon ODP : ozone depletion potential
HFO : hydofluoro-olefin PC : personal computer
ID : inner diameter SG : sight glass
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A : area (mz)
cp : specific heat (J/kg-K)
e : enthalpy (J/kg)
h - heat transfer coefficient (W/m™K) or fin
height (mm)
M : mass flow meter
m : mass flow rate (kg/h)
P : pressure (kPa)
AP : pressure drop (mbar)
qv : volumetric capacity (kJ/m’)
Q : heat transfer rate (W)
Rw : thermal conduct resistance (K/W)
S : specific entropy (J/kg-K)
: temperature (C)
tb : bottom wall thickness (mm)
U - overall heat transfer coefficient (W/m’-K)
Y : apex angle (°)
7 : helix angle (°)
Subscripts
1 : inlet
2 : outlet
c : critical
i : tube-side
0 : annular-side
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Table 1. The general properties of R-410A alternative re-
frigerants®®

R410A R32 R454B
Chemical formula - CH2F2 -
Group HFC HFC HFC/HFO
Composition ratio | R32/125 R32/1234yf
(Wt%) (50/50) ) (78.1/31.1)
Molar mass
(@/mol) 72.6 52.0 62.6
ODP 0 0 0
GWP 2,088 675 466
Flammability Al A2L A2L
NBP (C) -51.4 -51.7 -50.9
Tc (C) 71.3 78.1 78.1
Pc (kPa) 4,901 5,782 5,267
Temp. glide (C) 0.1 0 1.0
S S —
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Fig. 1. Saturation vapor pressure of R410A alternatives
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(a) Instrumentation of the test rig.

©

(b) Detailed instrumentation of the test section.

Fig. 2. Schematic of the experimental facility. T/P, temper-
ature and pressure sensors; FM, flow meter, DP, differential
pressure sensor; and SG, sight glass.

Fig. 3. Geometric specification of a tested microfin tube
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Table 2. The test conditions

Condensing | Mass flux | Degree of super-

Refrigerants temp. (C) | (kg/m’s) |heat/subcooling (C)

R410A, R32,

RA54B 35 100-400 5/2
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Table 3. The estimated uncertainties

Parameter Accuracy/uncertainties
Temperature £0.1C
Pressure +0.25%
Differential pressure +0.1%
Mass flow +0.1%
Heat transfer coefficient +3.5-10.7%
Pressure drop +1.5-8.2%
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Fig. 4. Refrigerant-side heat transfer coefficients with varia-
tion of the refrigerant mass flux
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Fig. 5. Refrigerant-side pressure drops with variation of the
refrigerant mass flux
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Table 4. The thermodynamic and transport properties of R410A
alternative refrigerants

Refrigerants
R410A| R32 |R454B

Saturation temp. (0C) 35 35 35
Liquid saturation pressure (kPa) 2,145 2,190 | 2,031
Vapor saturation pressure (kPa) 2,139 | 2,190 | 1,966

Properties (units)

Latent heat (kJ/kg) 169 | 249 | 205
Liquid viscosity (puPa-s) 103 | 101 | 101
Vapor viscosity (uPa-s) 144 | 135 | 13.5

Liquid thermal conductivity (mW/m-K) 84 118 99

Vapor thermal conductivity (mW/m-K)| 18.0 | 17.2 | 17.1

Liquid density (kg/m’) 1,005 | 917 | 939

Vapor density (kg/m’) 88.9 | 633 | 67.8

Liquid specific heat (J/kg-K) 1,843 12,071 | 1,920

Vapor specific heat (J/kg-K) 1,675 | 1,841 | 1,622

Liquid Prandtl number (-) 227 | 177 | 1.96

Vapor Prandtl number (-) 134 | 1.44 | 1.28

Liquid surface tension (mN/m) 3.84 | 523 | 4.65

Vapor surface tension (mN/m) 3.78 | 523 | 451

Liquid reduced pressure (-) 0.44 | 038 | 0.39

Vapor reduced pressure (-) 0.44 | 038 | 0.37
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