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ARTICLE INTFO ABSTRACT

Article history: This paper presents measurements of heat transfer coefficient obtained during flow boiling

Received 5 December 2015 of R32 inside a brazed plate heat exchanger (BPHE). Although R32 is known as a very in-

Received in revised form 19 April teresting refrigerant for its thermodynamic and thermophysical properties, very limited flow

2016 boiling data are published in the open literature for R32 working in brazed plate heat

Accepted 5 May 2016 exchangers.

Available online 6 May 2016 The present experimental data are measured to investigate the effect of refrigerant heat
flux, mass velocity, inlet vapor quality and superheating at the outlet. The saturation tem-

Keywords: perature is kept constant at around 5 °C, which is a usual temperature level for evaporation

R32 in liquid coolers. As a significant result, differently from other studies on flow boiling with

BPHE HFC refrigerants, mass flux is found to be very important, meaning a high contribution of

Flow boiling the convective term on the heat transfer coefficient.

Experiments The present data are also analyzed to assess available correlations for flow boiling inside

BPHES, in order to provide useful information on the accuracy of predicting methods that
can be used for evaporators with R32.
© 2016 Elsevier Ltd and IIR. All rights reserved.
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heat transfer coefficient while maintaining low pressure losses.

1. Introduction This kind of heat exchanger has been extensively studied in

single phase conditions, while two-phase heat transfer
Brazed plate heat exchangers (BPHE) are widely used in many needs more investigation because of the complex phenom-
industrial applications due to their high efficiency, compact- ena involved (e. g. multiphase flow, different heat exchange
ness and cost effectiveness. The flexibility in their design allows mechanisms, possible dry out. . .). Different authors per-
different solutions that are investigated in order to achieve high formed experimental tests on BPHEs with the typical
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Nomenclature

Ape heat transfer area [m?|

Bd Bond number [-]

Bo boiling number [-]

G specific heat capacity [J kg?K7]

Cra surface roughness divided by reference value
of 0.4 pm [-]

d diameter [m]

Dy hydraulic diameter [m]

B enhancement factor [-]

G mass velocity [kg m2s™]

Ge;,Ge, coefficient for Nu correlation in Hsieh and
Lin (2003)

HTC heat transfer coefficient [W m2K™]

HTC, reference value of HTC at pred; qo; Rao [W m=2K]

h specific enthalpy [J kg

hwy specific enthalpy of vaporization [J kg™]

Kgiobal global heat transfer coefficient [W m2K™|

M molecular weight

m mass flow rate [kg s7]

Peo corrugation pitch [m]

Bz reduced pressure [-]

Dred reference reduced pressure = 0.1

Pr Prandtl number [-]

q heat flux [W m™?]

Qo reference heat flux = 20 000 W m™2

Q heat flow rate [W]

Ra surface roughness [um]

Rao reference surface roughness = 0.4 pm

S suppression factor [-]

S plate thickness [m]

T temperature [°C]

Re Reynolds number [-]

We Weber number [-]

X thermodynamic vapor quality [-]

Kyt Martinelli parameter [-]

Greek symbols

B Chevron angle [degrees]

Lo} enlargement factor [-]

AT temperature difference [K]

A thermal conductivity [W m~7K™]

o density ratio [-]

Subscripts

boil boiling condition

cb convective boiling

eq equivalent

EXP experimental

h hydraulic

in inlet

I liquid

In logarithmic

m mean value

out outlet

pool pool boiling

T refrigerant

red reduced

sat saturation condition

SH superheating condition

Vv vapor

w water

wall referred to aluminum wall

x1 evaluated in the position where refrigerant is
saturated vapor

refrigerants used in air-conditioning (R407C, R134a, R410A,
R32...), but only recently some vaporization tests with R32 have
been published (Longo et al., 2015b). As reported in Table 1, R32
displays a latent heat that is higher than the latent heat of other
common refrigerants, that is, the heat flux is higher at the same
mass flow rate and equal working inlet/outlet conditions.

Fundamental understanding of the flow boiling mecha-
nism is not easy due to the complex nature of two-phase flow,
therefore quantitative prediction of the flow boiling heat trans-
fer coefficient is always obtained through empirical correlations.
These correlations usually cover a specified plate geometry and
limited working conditions.

Table 1 - Latent heat at 5 °C saturation temperature for
different fluids.

Fluid Latent heat at Ts: = 5 °C [kJ/kg]
R407C 204.7
R134a 194.7
R410A 2151
R32 307.3

Yan and Lin (1999) performed experiments on evapora-
tion heat transfer and pressure drop of R134a in plate heat
exchangers and proposed a correlation for the prediction of
Nusselt number for the single-phase flow and another corre-
lation for two-phase flow. Hsieh and Lin (2002) and Hsieh and
Lin (2003) explored R410A subcooled flow boiling heat trans-
fer and proposed empirical correlations. Han et al. (2003)
performed experiments on evaporation of refrigerants R410A
and R22 in plate heat exchangers with different values of
chevron angle and corrugation pitch. Ayub (2003) presented an
extensive literature review of available single-phase correla-
tions for plate heat exchangers and new two-phase boiling and
pressure drop correlations for flooded and direct expansion
evaporators based on data collected with ammonia and R22.
Longo and Gasparella (2007a) presented the experimental heat
transfer coefficients and pressure drop measured during re-
frigerant R410A vaporization inside a small brazed plate heat
exchanger (BPHE): the effects of heat flux, refrigerant mass flux,
saturation temperature and outlet conditions were investi-
gated. A similar experimental study has been performed with
R134a as the working fluid in Longo and Gasparella (2007b).
Huang et al. (2012) presented two-phase heat transfer and
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