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Abstract

The environmental concerns in recent times have grown especially after signing
Montreal protocol. In the last ten years, researchers have focussed mainly on
understanding the boiling and condensation phenomena of HFC refrigerants in
minichannels. As global warming concerns are growing day by day, due to high
global warming potential, HFCs are not the ultimate option. In the near future,
HFCs will probably be replaced by environmentally friendly refrigerants.
Therefore, to find the potential replacements of HFCs and also to get a deeper
understanding of the boiling phenomena in minichannels, more and more
fluids having low GWP (Global Warming Potential) and ODP (Ozone Depletion
Potential) should be tested. Recent efforts to protect the environment have led
to a growing interest for natural refrigerants. However in the literature, flow
boiling data of natural refrigerants in minichannels are scarce.

To meet the environmental concerns and to understand the behaviour of
natural refrigerants in minichannels and the performance compared to HFCs,
flow boiling experiments in single circular vertical minichannels of internal
diameters of 1.70 and 1.224 mm were performed using ammonia and propane
as working fluids.

Flow boiling heat transfer results of ammonia and propane with 1.70 mm
channel showed that the heat transfer coefficient was a function of heat flux
and the effect of mass flux was insignificant. The heat transfer coefficient of
ammonia in 1.224 mm was dependent on heat flux at low vapour qualities
then a clear dependence of the heat transfer coefficient on the mass flux was
observed at higher vapour qualities. The heat transfer results of ammonia
and propane were compared with well known correlations and among them
Cooper (1989) correlation in case of ammonia and Liu and Winterton (1991)
and Cooper (1984) pool boiling correlations in case of propane best predicted
the experimental heat transfer data.

Results of the two phase pressure drop studies of ammonia and propane
showed that the two phase pressure drop increased with the increase of
mass flux, with the increase of heat flux and with the decrease of saturation
temperature. The comparison of the two phase pressure drop experimental
data with well known predicting models showed that none of the correlations
predicted the ammonia data well and that Müller Steinhagen and Heck (1986)
was well in agreement with the propane data.

Dryout of propane in 1.70 mm and 1.224 mm internal diameter channels
was also investigated. Dryout heat flux was observed to increase with the
increase of mass flux, with the decrease of vapour quality and with the increase
of internal diameter. The effect of saturation temperature on the dryout heat
flux was insignificant. The experimental dryout data were compared with
macro and micro scale correlations and among them Bowring (1972) and
Callizo et al. (2010a) gave best predictions.

http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-80331


ISBN: 978-91-7501-264-3 | Trita-REFR 12:01 | ISSN 1102-0245
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-80331

The heat transfer and pressure drop results of ammonia and propane and
dryout results of propane were compared with R134a data taken on the same
test rig by Owhaib (2007) and Ali (2010). The comparison of heat transfer
showed that the heat transfer coefficient was a function of heat flux and the
effect of mass flux was insignificant in all tested conditions except ammonia in
1.224 mm tube where the heat transfer coefficient was dependent on heat flux
at lower vapour qualities and a clear dependence of mass flux was observed at
higher vapour qualities. The heat transfer data of ammonia, propane and R134a
were compared with correlations and among them Cooper (1989) correlation
gave best predictions. The comparison of pressure drop results showed that
the two phase pressure drop of all fluids was increased with the increase of
mass flux, with the increase of heat flux and with the decrease of saturation
temperature. At equal heat flux and mass flux, the two phase pressure drop
of ammonia was increased with the decrease of internal diameter but the
diametric effects of R134a were unclear. Müller Steinhagen and Heck (1986)
and Zhang and Webb (2001) best predicted the experimental data of two
phase pressure drop of ammonia, propane and R134a among the correlations
considered for comparison. The dryout data of propane were also compared
with dryout data of R134a and it was observed that the dryout heat flux of
propane and R134a increased with the increase of mass flux, with the decrease
of vapour quality and with the increase of internal diameter. The effect of
saturation temperature on the dryout heat flux of propane and R134a was
insignificant. The correlation of Bowring (1972) for conventional channels and
the microscale correlation of Callizo et al. (2010a) were among the correlations
which gave best predictions of experimental data of dryout.
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