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ABSTRACT

The use of R32, which has a GWP of 675 and an ODP of 0, is increasing. However, the GWP of R32 is not low
enough to satisfy the Kigali amendment, though the GWP is relatively lower than other HFCs. On the other hand,
research attention has been focused on R1234yf because its thermophysical properties are close to R134a and its GWP
is lower than 1. But, due to its limited thermophysical properties, R1234yf is not a suitable replacement for R32. One
solution is to use refrigerant combinations with a lower GWP and higher performance, such as R1234yf and R32. This
paper showed the pressure drop characteristics of the low GWP zeotropic refrigerant mixture R1234yf/R32 inside a
horizontal microfin tube (equivalent diameter of 3.18 mm). The experiments were carried out at saturation
temperatures of 20°C and 30°C, vapor quality ranging from 0 to 1, and mass velocity ranging from 50 kg ms? to
200 kg m%sL, The effect of saturation temperature, vapor quality, and mass velocity on pressure drop was presented.
Along with mass velocity and vapor quality increments, the pressure drops of refrigerant mixtures increased. In
contrast, the pressure drop decreased along with the increase in saturation temperature. The measured pressure drop
was compared to a correlation.

1. INTRODUCTION

Refrigeration, along with spaceflight, the internet, and computers, is regarded as one of the most significant
achievements of the 20th century (Constable and Somerville, 2003). Refrigeration and air conditioning consume
approximately 20% of all energy consumed globally (McLinden and Huber, 2020). One device that uses refrigerant
to operate is the air conditioning unit. By 2020, the world's air conditioning units are expected to number 1.9 billion.
The United States, China, Japan, and South Korea account for the majority of these.

So far, R410A is the dominant refrigerant used in domestic air conditioners. Even though this refrigerant does not
contribute to the depletion of the ozone layer, it has a high global warming potential (GWP) of 1924 (Myhre et al.,
2013). Research efforts have been concentrated on creating lower GWP alternative refrigerants and decreasing the
quantity of refrigerant charge in HVAC&R systems to decrease its influence on global warming (Poggi et al., 2008).
The most relevant chemical companies are developing alternatives to R410A as a result of the recently imposed limits
(Orug et al., 2018). This option should be chosen based on a variety of variables, including low environmental
degradation, safety, and adaptability to operating temperatures (McLinden et al., 2014).
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Recently, R32 has been used in domestic air conditioners as a substitute for R410A, and almost 40% of room air
conditioning in Japan uses it as the refrigerant (Vuppaladadiyam et al., 2022). However, since the Kigali Amendment
mandated that the use of HFCs should be reduced dramatically over the next few decades to avoid an increase in
global average temperature of 0.5 °C by 2100, the global warming potential (GWP) of R32 is not low enough to meet
the Amendment.

On the other hand, research attention has been focused on R1234yf (Del Col et al., 2010; Diani et al., 2014, 2017)
because its thermophysical properties are close to R134a and its GWP is lower than 1. But, due to its limited
thermophysical properties, R1234yf is not a suitable replacement for R32. One solution is to use refrigerant
combinations between R1234yf and R32 to get the higher performance. Not only to enhance the heat transfer
performance but also to minimize the pressure loss of the system. Hence, more studies are needed to analyze the
performance of the mixture refrigerant.

Another factor that affects the heat transfer enhancement is the use of small-diameter tubes. The use of a small diameter
microfin tube (do = 5-2.5 mm) presents a very good potential for refrigerant charge minimization. Additionally, a
small-diameter microfin tube could reduce the heat exchanger's weight and cost. Therefore, in this study, we
investigated the pressure drop of a low GWP refrigerant mix of R1234yf and R32 inside a small-diameter horizontal
microfin tube. In this paper, the effect of saturation temperature, vapor quality, and mass velocity on pressure drop
was presented.

2. EXPERIMENTAL SETUP

The description of experimental apparatus and test section details are shown in the Figure 1 and 2. Figure 1 shows the
details of the experimental apparatus and its components. There are 2 main loops in the apparatus: the refrigerant loop
and the water loop. The pump pumps the liquid refrigerant through the control valve, Coriolis flow meter, mixing
chamber, preheater, and to the test section. Then, refrigerant from the test section is pumped out through the
accumulator and is cooled by the cooler. After that, refrigerant is pumped again through the test section.

There are 2 pumps in this experimental apparatus, one for the low mass flow (50 kg m2s1) and the other for the high
mass flow (larger than 50 kg m2s1). This apparatus also connected to a PC using a multimeter to collect all the
measurement signal. Gas chromatograph is connected to the apparatus to measure the composition of mixture
refrigerant. R454B with mass composition of 68.9 % R32 and 31.1 % R1234yf was charged, measured average
composition was 70.8 % R32 and 29.2 % R1234yf.

-
Vacuum Pump

Refrigerant Tank

nd
Cooler Accumulator 2" Preheater

t
1 Preheater refrigerant flow

| Gas Chromatograph

Legend:

@ Pump @ Pressure tranducer @ Thermocouple Differential pressure tranducer
Mixing chamber Coriolis flowmeter O Sight glass l§<] Flow control valve ~ ><1 Valve

Figure 1: Experimental Apparatus
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Figure 2 shows the details of the test section. The test tube is a microfin tube with a 3.18 mm equivalent diameter. The
total length of the tube is 852 mm, and the effective length of heat transfer is 744 mm. The temperature of the test
section’'s wall is measured using 12 T-type thermocouples integrated into the data logger. The test tube has a 0.15 mm
thick wall (3), a 0.10 mm fin height, a 10° helix angle (0), a 33° apex angle (), and 25 fins. The experiments are
conducted at mass velocity ranging from 50 to 200 kgm-2s, with saturation temperatures ranging from 20°C to 30°C
and vapor quality ranging from O to 1.

| (- |
| . ;
f— _2smm__,f g 28mm g g 248 mm >
ll."i OO O

Water flow

OO0 0000 @ OOOO®
OOOO OOOO OOO@ Refrigerant flow

Legend: @ Thermocouple (T-type) @ Pressure Tranducer ® Thermocouple (K-type)

Figure 2: Test Section Details

3. DATA REDUCTION

Some terms are used to estimate the total pressure drop (AP+) of a fluid inside a tube. Frictional pressure drops (APg),
gravitational pressure drops, momentum pressure drops, and minor pressure drops due to flow disturbance are the
most common terms. Because the test section position is horizontal and the test mode is adiabatic in this study, the
gravitational and momentum pressure drop terms are zero. However, a minor pressure drop is considered as a result
of the test section's sudden contraction (AP;) and expansion (AP¢) at the inlet and outlet headers, respectively. As a
result, the total two-phase pressure drop term is:

AP, = AP. + AP, + AP, )

In the case of sudden contraction and expansion pressure drops, it is estimated by Equation (2) and Equation (3),
respectively, according to Collier and Thome (1994) correlation.

2 2
c |

_G25 (1 (1-x)° v, | X
APe_G 69(1 5e)vl 1_4: +(V|Jé: (3)

Where G is the mass velocity, C. is the coefficient of contraction, ¢ is the area ratio, v, is liquid specific volume, v,

is vapor specific volume, and ¢ is void fraction. In addition, the void fraction & is assumed to be constant due to the
homogeneous model.
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The vapor quality is expressed by Equation (4), and local enthalpy is expressed by Equation (5).

iy =y
Xi) = (4)
by —hy
Q
h(i) =Min, preheater J{Ej ®)

Where Q is amount of heat supplied by the electricity into the preheater, and mass velocity (G) is calculated by
Equation (6).

G=-*1 (6)

In this study, the tube used is a microfin tube, so equivalent diameter (deg) is used for the calculation, and it is expressed

by Equation (7).
4A
dog =\ = ()

Where A is the cross-sectional area, and it is expressed by Equation (8).

A= % (Fin bottom inner diameter)2 — total area of fin (8)

4. EXPERIMENTAL RESULTS AND ANALYSIS

This section presents the effect of mass velocity, vapor quality, and saturation temperature on frictional pressure drop.
Figure 3 and 4 show the relation between the frictional pressure drop AP- / AZ and the vapor quality. The comparison

between the predicted and experimental data also can be seen at figure 5.

Figure 3 shows the effect of mass velocity and vapor quality on frictional pressure drop at saturation temperature of
20°C. Along with the increase in mass velocity, frictional pressure drop increases as expected. This is because the
shear stress and interfacial friction between vapor-liquid two-phase flow in the tube increase, and it is attributable to
the increase in pressure with mass velocities. The highest pressure drop is found at the highest mass velocity, at 200
kg m2sL, (Khairul Bashar et al., 2020) and (Hirose et al., 2018) also found the same phenomena about the increase in
frictional pressure drop along with the mass velocity and vapor quality.

Figure 4 shows the frictional pressure drop versus vapor quality at saturation temperature 20°C and 30°C. Under the
identical operating parameters of vapor quality and mass velocity, the pressure drop at a saturation temperature of
30°C is lower than the pressure drop at a saturation temperature of 20°C. It can be explained by examining the
refrigerant's thermophysical properties at various saturation temperatures, such as liquid density and viscosity. At
saturation temperature, 30 °C, liquid density and viscosity are lower, resulting in lower fluid velocity.

Figure 5 shows the comparison between the predicted and experimental frictional pressure drop of R454B mixtures
using the Goto et al. (2001) correlation, Equation (9). The data of experimental and predicted frictional pressure drop
is shown in Appendix Table 1. From the figure, it can be seen that the predicted values are well predicted for all of
mass velocity, with average deviation (AD) of -32% and mean absolute deviation (MD) of 32%. The average deviation
and mean deviation are calculated by Equation (10) and Equation (11), respectively.
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Figure 3: Effect of mass velocity and vapor quality on frictional pressure drop
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Figure 4: Effect of saturation temperature on frictional pressure drop
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Figure 5: Comparison of experimental pressure drop and predicted pressure drop

5. CONCLUSIONS
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In this study, the pressure drop of a low GWP refrigerant mixture of R1234yf and R32 inside a small-diameter
horizontal microfin tube has been obtained. The effects of mass velocity, vapor quality, and saturation temperature on
frictional pressure drop were investigated. The results show that the increase in mass velocity enhances the frictional
pressure drop, and the frictional pressure drop at saturation temperature of 30 °C is lower than the pressure drop at a
saturation temperature of 20 °C at the same experimental conditions. Also, Goto et al. (2001)’s correlation has good
agreement for all of mass velocity, with average deviation (AD) of -32% and mean absolute deviation (MD) of 32%.

A
d
G
h
m
AP
Q
T
v

Av

X

NOMENCLATURE

The nomenclature should be located at the end of the text using the following format:
cross sectional area (m?)
diameter (m)
mass velocity (kg m2s?)
enthalpy (I kgd)
flow rate (kg s
pressure drop (Pa)
heat exchange amount (W)
temperature (°C)
specific volume (md kg™
specific volume difference between (mékg™)
saturated vapor and saturated liquid
vapor quality )
measuring length (m)

AZ
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14 apex angle ®)

o) density (kg m3)

0 helix angle )

o area ratio (@)

& void fraction &)

) two-phase pressure drop multiplier -
¢=1+1.64X,°"

Xy Martinelli parameter -)
X ={@=27%" (o, 1 p)** (a4 | 1)

Subscript

c abrupt contraction

e abrupt expansion

exp experimental

eq equivalent

F friction

| liquid

R refrigerant

pre predicted

sat saturation

T total

v vapor
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APPENDIX

Table 1: The experimental and predicted frictional pressure drop

G [kgms™] x[] o The experimental The predicted frictional
rictional pressure drop pressure drop
0.141 0.079 0.060
0.207 0.123 0.117
0.346 0.201 0.157
0.408 0.245 0.190
0.496 0.287 0.218
50 0.610 0.343 0.257
0.701 0.376 0.281
0.803 0.402 0.301
0.898 0.418 0.318
0.950 0.420 0.321
0.124 0.336 0.330
0.225 0.565 0.500
0.325 0.771 0.665
0.435 1.133 0.807
0.537 1.440 0.937
100 0.646 1.717 0.998
0.740 1.837 1.067
0.836 1.935 1.131
0.900 1.895 1.147
0.973 1.875 1.118
0.089 1.196 0.650
0.219 1.930 1.188
0.295 2.526 1.700
0.423 3.846 2.093
200 0.525 4.619 2.497
0.629 5.344 2.592
0.737 6.057 2.771
0.838 5.974 2.857
0.925 5.523 2.887
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