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ARTICLE INFO ABSTRACT
Keywords: Environmental concerns have urged a search for eco-friendly refrigerants in the refrigeration
Natural refrigerants industry to overcome ozone depletion and global warming problems. Therefore, current research
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emphasizes frictional pressure drop during flow boiling of environment-friendly refrigerants
(GWP<150), isobutane, HFC-152a, HFO-1234yf were tested against commonly reported HFC-
134a. The data presented here was collected under heat flux-controlled conditions; the test
piece was a round tube (1.60 mm diameter). The data collection was performed at 27 and 32 °C
with mass velocities in 50-500 kg/m?s range. Effects of critical controlling parameters, like heat
flux, mass velocity, exit vapor quality, operating pressure and medium, were studied in detail. It
was observed that pressure drop increases along with mass velocity increment in the test piece
and increases with exit vapor quality increment. The same was noticed to decrease with satu-
ration temperature increment. Parametric effects and prediction of assessment methods are
reported.
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Table 3

T, mixture viscosity models utilized in Homogenous Equation.
Author(s) Equation
McAdams et al.{McAdams, 1942 #27} Pm = [(1-X/Hl)+(x/}lg)]71
Akers et al.{Akers, 1958 #26} pep = B [(A1X) + X (u/pg)] *°
Cicchitti et al. {Cicchitti, 1959 #29} Hep=(1-X)y + Xpg
Owens{Owens, 1961 #30} Hep = H
Dukler et al.{Dukler, 1964 #31} Pep=(1-X)py + Xpg
Beattie and Whalley{Beattie, 1982 #32} Hep = Hg® + (1-0) (1 + 2.50)u¢
Lin et al.{Lin, 1991 #33} Hep = Hipg [Hg + X (u-pg)] ™"

Fig. 3. Effect of mass flux and vapor quality at tg,; = 32 °C for (a) R134a, (b) R152a, (c) R600a, and (d) R1234yf (for all cases G is in kg/mzs).

roughness profile findings are demonstrated in Fig. 2. The average determined roughness (Ra) value is 0.95 pm.

The setup was validated by conducting single-phase tests. As single-phase theory is well developed and accepted. So heat transfer
and pressure drop results collected from test setup were compared with well-known correlations, and this has shown good agreement
among the two, which validated the operational functionality of the test loop. The details on data collection for this study are given in
Table 2.
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Fig. 4. Two-phase frictional pressure drop for different refrigerants at G = 300 kg/m?s, (b) Saturation temperature variation effect.
3. Data reduction

Pressure drop was noted along with a differential pressure sensor. The measured pressure drop has several contributions, as
clarified in Eq. (1). Utilizing standard conventions (as discussed by Magbool et al. [40]) dpeng effect @nd dpy, were estimated from
well-established correlations. The dp,, was then determined from measured pressure drop and estimated single-phase and end effects

pressure drop effects (see Eq. (1)). Two-phase pressure drops have additional contributions from accelerational, gravitational and
frictional effects (Eq. (2)).

dPrmeasured = Pend efreet T APy + APy, (€Y}

dpy, = dPycceterational T Pgravitationat + APsiictional (2)

Gravitational pressure drop is due to the orientation of the test object and was calculated by using Eq. (3).
dp .
P =gsing (ap, + (1 —a)p,) 3)
dz gravitational

According to the homogenous model, « is the void fraction, two pahse viscosity defintions used with homogenous models are
summarized in Table 3.

o ()

Liquid and vapor-phase’s momentum discrepancy were consequential during the evaporation procedure that causes an accelera-
tion pressure drop.

dp _ |[ni=x)" oo,
dz accelerational -« x?

4. Results and discussion

G %)

4.1. Effect of mass flux and vapor quality

Experimental findings for two-phase frictional pressure drop for four tested refrigerants at T = 32 °C for various mass velocities are
shown in Fig. 3. Consequently, frictional pressure drop increment with mass flux and vapor quality at exit of the test piece were
noticed. A peak was observed somewhere at 85% vapor quality at the test specimen exit in all cases. This indicates incipience of dry
out. Similar qualitative trends were noticed with results collected at 27 °C.

The qualitative findings from current study are in agreement with [40-43].



