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Experimental Study on R-410A Evaporation Heat
Transfer and Pressure Drop Characteristics in the Plate

and Shell Heat Exchanger

Su-Jin, Kim

Department of Refrigeration Engineering, Graduate School,

Pukyong National University

Abstract

The evaporation heat transfer coefficient and pressure drop
characteristics for refrigerants R134a and R410A(a mixture of 50 wt%o
R32 and 50 wt% RI25 that exhibits azeotropic behavior) were
conducted with a plate and shell heat exchanger. These results are
useful in designing more compact and effective evaporators for various
refrigeration and air conditioning systems.

Two vertical counterflow channels were formed in the P&SHE by
three plates of geometry with a corrugated trapezoid shape of a chevron
angle of 45 degree. Upflow boiling of refrigerants R134a and R410A in
one channel receives heat from the hot downflow of water in the other
channel. The effects of mass flux, average heat flux and saturation
temperature of refrigerants R134a and R410A on the evaporation heat
transfer coefficient and pressure drop were explored in detail. The
present data show that both the evaporation heat transfer coefficient and
pressure drop increase with the mean vapor quality. A differential
pressure transducer was used to measure the pressure drop across the

test section.
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We note that the evaporation heat transfer coefficient and pressure
drop are higher at a higher mass flux. Also, the increase in the average
heat flux increases the evaporation heat transfer coefficient and pressure
drop. As increasing a refrigerant saturation temperature, both the
cvaporation heat transfer and pressure drop are lower. Finally the
evaporation heat transfer coefficients of R410A were much higher than
those of RI134a and its pressure drops were significantly lower than
those of Rl34a.

This will lead to improved energy efficiency when systems are
designed to utilize R410A. A heat exchanger's tube size(designed for
R410A) can be reduced significantly to increase the refrigerant mass
flux. As a result, a higher refrigerant mass flux will enhance the heat
transfer coefficient, thus increasing the system's energy efficiency. The
converse implies that equivalent heat exchanger performance could be
obtained with less material. Better heat transfer and pressure drop
characteristics of R410A indicate that R410A is a potential candidate to

replace R22.
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NOMENCLATURE

SYMBOLS
A4 : Heat transfer area of the plate [mz]
b : Channel spacing fm]
Cp : Specific heat [FkeK]
D : Plate diameter [m]
Dy, : Hydraulic diameter {m]
g . Gravity acceleration [m/sz]
G © Mass flux [kg/mzs]
h : Heat transfer coefficient {W/le]
Ay, . Enthalpy of vaporization [Jkg]
L : Channel length from center of inlet port

to center of exit port [m]
LMTD : Log mean temperature difference [T]
i : Mass flow rate [kg/s]
Nu : Nusselt number
P : Pressure [MPa]
Pr © Prandtl number
o . Heat transfer rate [W}]
" : Average imposed heat flux [W/m’]
Ruvots : Heat transfer resistance of the wall [K/W]
Re : Reynolds number
T . Temperature [T]
U . Overall heat transfer coefficient [W/m'K]
u . Velocity [m/s]



v . Specific volume [m’/kg]
w : Channel width of the plate fm]

X : Vapor quality

GREEK SYMBOLS

AP . Pressure drop [Pa]

AT . Temperature difference [C]

Ax : Total quality change in the exchanger

il : Viscosity [Ns/mz]

p : Density [kg/mz'}

SUBSCRIPTS

wve . Average

¢ h . At cold side and hot side of the test section

a : Acceleration

ele : Elevation

exp : Experiment

f : Friction

= : Difference between liquid phase and vapor phase

g : Vapor phase

Lo : At inlet and exit of test section

/ . Liquid phase

lat . Latent heats

m : Average value for the two phase mixture or between the inlet
and exit

man : Test section inlet and exit manifolds and ports
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Fig. 1.2 Schematic diagram of heat transfer plate.

Table 1.1 Configuration of the plate and shell heat exchanger.
Plate material SUS 304
Shell material Steel
Plate diameter [m] 031
Port diameter [m)] (.05
Plate thickness [m] 0.0007
Working pressure [MPa] Max. 10

Working temperature{ C]

Max. 400, Min. -196

Number of plate 3
Surface per plate [m’] 0.078
Chevron angle [ ] 45




(b}

photo. 1.1 (a) Photograph of plate in plate heat exchanger.

(b} Photograph of plate in plate and shell heat exchanger.
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Fig. 2.1 Schematic diagram of experimental system.
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Fig. 2.2 Details of flow direction in the plate and shell heat exchanger.
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Photo. 2.2 Photograph of the test section
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Photo. 2.3  Photograph of constant temperature bath with
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Photo.
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Photograph of constant temperature bath with water for

the sub-cooler.
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Table 3.1 Parameters and estimated uncertainties

Parameter Uncertainty
Temperature, T(TC) _ 0.1
AHTCC) £0.2
Pressure, P(MPa) +0.002
Pressure drop, AP(Pa/m) 200
Water flow rate, m(%) 1.5
Mass flux of refrigerant, G(%) +2
Single phase heat transfer coefficient (%) 10
evaporation heat transfer coefficient (%) +18.6
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. 4.4 Variations of evaporation heat transfer coefficient with mean

vapor quality for various mass fluxes.
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