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Abstract 

This work reports an experimental study of the heat transfer and the pressure drop characteristics of pure 
refrigerant R134a and R134a-oil mixture during condensation in aluminium multiport flat tubes with triangular 
channels. The influence of the saturation pressure, mass flux and vapor quality was analysed and the obtained 
data compared with those obtained with previously studied geometries, as well as with correlations reported in 
literature.  

Results show that the heat transfer coefficient and pressure drop generally increase with mass flux and vapor 
quality. The pressure drop decreases with increasing saturation pressure. Compared to other geometries, the 
studied multiport flat tube presents a lower performance. In addition, while the pressure drop is accurately 
predicted by some of the correlations found in the literature, the heat transfer coefficient is generally 
overpredicted.  

Furthermore, the effects of the addition of oil to the system on both the pressure drop and the heat transfer 
coefficient was analysed. However, further research is recommended to assess the influence of higher nominal oil 
concentrations. 

Keywords: condensation; heat transfer coefficient; pressure drop; multiport flat tubes with mini-channels; 
R134a; R134a-oil mixture. 

 

1 Introduction 

The development of more efficient vehicles is one 
of the focal points within the automotive industry. 
As one of the car’s systems, the AC system has also 
increasing requirements on its efficiency. Aluminum 
multiport flat tubes (MFT) with small dimensions 
are widely used in flat tube condensers, although the 
condensation process in such geometries is not yet 
fully understood. 

 The use of micro and mini-channels has various 
advantages and disadvantages, therefore, to achieve 
the best possible design, precise calculation models 
are needed. The existent models for macro-channels 
must be further developed considering the effects of 
the small geometries. 

At the department of Thermal Process 
Engineering of the Karlsruhe Institute for 
Technology, a project with the purpose of 
experimentally studying the condensation of R134a 
in multiport flat tubes has been developed. The goal 

of the project is to determine the two-phase heat 
transfer coefficient and pressure loss of four different 
geometries, which will in the future lead to the 
development of new correlations.  

In this work an aluminum multiport flat tube 
with triangular channels and a hydraulic diameter of 
0.529 mm is studied. The influence of the saturation 
pressure, the mass flux and the vapor quality on the 
heat transfer coefficient and pressure drop are 
investigated. The results are then compared for all 
geometries and with correlations found in the 
literature.  

The influence of the addition of oil to the system 
is also studied, as the oil is necessary in the 
refrigeration cycle for the lubrication of the 
compressor. Its effects on the heat transfer and 
pressure drop due to the change of the physical 
properties are the object of study. 
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2 Fundamentals 

2.1 Channel classification and flow regimes 
Due to the great variety of channels used in the 

literature, their classification became essential for 
thermal and flow characterizations. The channel 
used in this work is classified as mini-channel by 
both Kew and Cornwell (1977) and Kandlikar and 
Grande (2003) classifications.  

In mini-channels, as well as in micro-channels, a 
stronger influence of surface tension forces over 
gravity and shear forces is expected. As a 
consequence of the different magnitudes of the forces 
acting on the two phases, certain flow regimes which 
are observed in macro-channels are suppressed in 
smaller geometries, such as wavy and stratified flow. 
As a result, the most frequent flow regimes in micro-
channels are expected to be the intermittent (slug 
and plug) and annular flow regimes.  The different 
flow regimes are dependent on the operating 
conditions and are often represented in flow regime 
maps.  

2.2 Pressure drop 

In the single-phase flow, the pressure drop results 
from the decreased flow energy along the channel, 
caused by inner friction, wall friction and turbulence, 
In the two-phase flow, there is an additional pressure 
drop due to the momentum exchange between the 
vapor and the liquid phase. Due to the complexity 

of the two-phase flow, empirical correlations are 
mostly used for the prediction of the pressure drop. 
The limited range of empirically determined 
correlations is a disadvantage of the method.  

There are different methods of analyzing the two-
phase flow, one of these is the separated flow model, 
which considers the two phases to flow separately. 
This method was firstly used by Lockhart and 
Martinelli (1949).The two-phase flow pressure drop 
correlations based on the two-phase multipler for the 
liquid and vapor phases are: 

d𝑝

d𝑧
= 𝜙 /

d𝑝

d𝑧 /

 (1)

where the  and are the pressure drop per 
unit length in the liquid phase and the vapor phase, 
respectively, when flowing alone in the entire cross 
section of the tube.  

Various authors have developed equations to 
determine the two-phase multipliers as a function of 
the Martinelli parameter X, which is the ratio of the 
liquid to the vapor pressure drops. One of these 
authors is Chisholm (1967), who developed 
simplified equations of great practical interest as 
follows:  

𝜙 = 1 +
𝐶

𝑋
+

1

𝑋
 (2)

𝜙 = 1 + 𝐶𝑋 + 𝐶𝑋  (3)

Nomenclature   

A area (m2) evap evaporator 
C Chrisholm constant  exp experimental 
𝑐  specific heat (J kg-1 K-1) hep heptane 
h heat transfer coefficient (W m-2 K-1) in inlet 
�̇� mass flow rate (kg s-1) l liquid phase 
Mix mixture of refrigerant (R134a) and oil lo liquid only 
Nu Nusselt number M mixture of refrigerant (R134a) and oil 
�̇� heat flow rate (W) min minimum value 
Ref pure refrigerant (R134a) MS measurement section 
T temperature (°C) out outlet 
𝑥 ̇ vapor quality ref refrigerant (pure) 
z axial coordinate oriented with the flow SW measurement sandwich 
Greek symbols TP two-phase 
Χ Lockhart-Martinelli parameter v vapor 
𝜔 oil concentration W wall 
𝜙 two-phase multiplier (Lockhart and Martinelli) Superscripts 
Subscripts ' saturated liquid 
AS adiabatic section '' saturated vapor 
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where the constant C is dependent on the flow 
regime of the respective phase. Various correlations 
have been derived using the two-phase multipliers 
and modifying the parameter C, also for mini and 
micro-channels.  

Another method consists in using two-phase 
multipliers which consider the liquid and vapor 
phases as an equivalent single-phase flow in the 
channel with the total mass flow rate. Various 
authors have extended this model modifying the 𝜙 , 
like Friedel (1979), who determined the two-phase 
multiplier based on a large databank, as a function 
of various parameters.  

The correlations above were developed for 
conventional channels. However, recent authors have 
reported that these correlations estimate with 
reasonable accuracy the values of the pressure drop 
in small tubes (López-Belchí et al. 2016). These 
correlations were the basis for the development of 
new correlations for non-conventional channels. 

2.3 Heat transfer 

During condensation, not only the sensible heat 
of the fluid is transferred, but also the latent heat 
associated with the phase change of the fluid. The 
heat transfer coefficient depends strongly on the 
boundary layer conditions, which are determined by 
the surface geometry, the nature of the fluid motion 
and thermodynamic and transport properties of the 
fluid. It varies along the channel due to the influence 
of the flow regimes and the velocity boundary layer. 

The difficulty of obtaining the temperature 
profiles for various geometries of channels led to the 
development of correlations mostly based on 
empirical data to obtain the Nusselt number, Nu. 
Various correlations have been developed for single-
phase flow, for example Dittus-Bolter and Gnielisnki 
equations.  

The correlations developed for two-phase flow 
heat transfer coefficient are written as a function of 
various dimensionless parameters, vapor quality, 
geometry and pressure drop.  

For shear-controlled flow regimes, such as annular 
flow, several semi-empirically correlations have been 
developed for conventional channels. Those 
correlations can be divided in three main groups: 
correlations based on the shear force between the two 
phases, correlations developed with the use of the 
two-phase multipliers and correlations based on the 
analysis of the boundary layer. These different 

approaches represent the basis for various following 
models by numerous authors, also for small 
geometries.  

2.4 Refrigerant-oil mixture 

The addition of oil to the system leads to a 
change in the thermodynamic properties of the 
refrigerant, specifically density, viscosity, heat 
conductivity and surface tension. The different 
physical properties are the key to understand how 
the oil influences the heat transfer and pressure drop 
characteristics and their dependence on the oil 
concentration. 

In various condensation heat transfer models, the 
two-phase heat transfer coefficient is proportional to 
the single-phase value, which can be expressed as a 
function of the Reynolds and Prandtl numbers. It is 
then suggested that the two-phase heat transfer 
coefficient is inversely proportional to the dynamic 
viscosity. One can expect that the influence of oil 
results in a smaller heat flow in the evaporator, thus 
more compressor power is needed (Hughes et al. 
1984). 

Two different approaches can be found for the 
calculation of the heat transfer coefficient of the 
mixture. One calculates the heat transfer 
enhancement factor (EF), which relates the heat 
transfer coefficient of the two-phase flow of the 
refrigerant-oil mixture to the pure refrigerant with 
the use of the local oil concentration and factor c as 
exponential factors. The value of c is then fitted to 
experimental data. 

𝐸𝐹 =
ℎ

ℎ
= 𝑒 ·  (4)

The second approach, which was taken by Huang 
et al. (2010b), consists in using equations for 
condensation heat transfer, as developed by Koyama 
et al. (2003), and adjusting them for the obtained 
experimental results with refrigerant-oil mixture. 

Regarding the pressure drop, a clear trend 
between viscosity or oil quantity and pressure drop 
has not been found. However, there are also two 
different approaches for its determination. The first 
used the pressure drop enhancement factor (PF), 
which is defined as follows: 

𝑃𝐹 =

d𝑝
d𝑧

d𝑝
d𝑧

= 𝑒 ·  (5)
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The second approach was taken by Huang et al. 
(2010a). In this model, the mixture properties are 
used, as well as a vapor-phase multiplier. 

3 Experimental apparatus 

The testing facility was developed and built with 
the purpose of determining the heat transfer 
coefficient and pressure drop of the pure refrigerant 
R134a and the R134a-lubricant mixtures in a 
multiport flat tube during condensation. These 
parameters can be determined at different pressures, 
mass fluxes and vapor qualities, which are controlled 
with the different cycles that constitute the testing 
facility (cf. Figure 1).  

For the description of the main cycle, represented 
in red, it is considered that the cycle starts in a piston 
diaphragm pump, which is used to regulate the mass 
flow. In the case of two-phase flow, to achieve the 
desired vapor quality, an evaporator is placed prior 
to the entrance of the test section. The necessary 
power for a certain vapor quality is computed as 
follows: 

�̇� = �̇� · 𝑐 𝑇 − 𝑇

+ 𝑥(̇ℎ −ℎ )  
(6) 

The two-phase flow is then partially condensed in 
the multiport flat tube, and the heat transfer 
coefficient and pressure drop are measured. The flow 
is then further condensed in the condenser to all-
liquid. The different condensation pressures at the 

test section are achieved with the thermostat 
connected to the condenser.  

The heptane cycle, represented in blue in the 
upper part of the diagram, is responsible for removing 
the condensation heat from the measurement section.  

The oil cycle is represented in purple, black and 
green. It has the purpose of introducing, increasing 
and reducing the oil quantity in the system.  

3.1 Testing facility 
A representation of the test section is shown in 

Figure 2. The test section is delimited by two 
transition parts, whose aim is to provide a smooth 
transition from and to the circular tube. A 
measurement flange is attached to each of the 
transition parts. A third flange divides the test 
section into two parts. In each of the three flanges 
the temperature is measured, as well as the relative 
pressure between them. The first part of the test 
section is adiabatic, and it aims to assure a fully 
developed state of the two-phase flow regime before 
it enters the second section, the measurement 
section. The multiport flat tube used in the context 
of this work has a hydraulic diameter of 0.529 mm 
and is made of extruded aluminium with triangular-
shaped channels.  

3.2 Determination of the experimental 
values 

Unlike the pressure drop, the heat transfer 
coefficient cannot be measured directly. For its 

Figure 1: Schematic view of the testing facility (Knipper 2018). 
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computation, the dissipated condensation heat, �̇� , 
the fluid and wall average temperatures, 𝑇  and 𝑇  
are used (cf. Equation 7). 

ℎ =
�̇�

𝐴 ∙ 𝑇 − 𝑇
 (7) 

The condensation heat received within the 
measurement section is computed with heptane mass 
flow, heat capacity and the heptane inlet and outlet 
temperatures as follows: 

�̇� = �̇� · 𝑐 · 𝑇 − 𝑇  (8) 

For a valid measurement, the stationarity of the 
system is essential. It must be then assured that each 
of the measured parameters, namely the pressure at 
the test section, the heptane inlet and outlet 
temperatures and the temperature of the refrigerant 
at the entrance of the evaporator, remain within a 
certain oscillation interval.  

The uncertainty analysis is performed with use of 
the norm ISO/IEC Guide 98-2:2009, as presented by 
JCGM (2008) as the Guide to the Expression of 
Uncertainty in Measurement, also known as GUM.  

4 Results 

The obtained results were edited considering the 
limitations of the testing facility and data recording. 
The first occurrence detected is a rise of the heat 
transfer at low mass fluxes and vapor qualities, due 
to a lower temperature being measured at the outlet 
of the measurement section. This is a result of the 
two-phase section not being completely isothermal, 
thus sub-cooled condensation takes place at certain 
operating conditions. These values are corrected with 
an estimation based on the temperature difference 
measured in the adiabatic section. Additionally, an 
anomaly is identified within the uncertainty values 
at various points. This occurrence is a consequence 
of heptane mass flux anomalies. These points are 
identified, and the respective uncertainty values are 
corrected. 

The experimental values of both heat transfer 
coefficient and pressure drop are presented in 
dimensionless form. The values are 
nondimensionalized by heat transfer coefficient and 
pressure drop of liquid-only flow in rectangular 
shaped channels with a hydraulic diameter of 
0.91mm, which have been determined in previous 
investigation.  

4.1 Single-phase flow 

To validate the experimental set-up and 
procedure after the implementation of a new test 
section, the determination of the single-phase 
pressure drop and heat transfer is performed at 
approximately 8 bar. The obtained Nusselt numbers 
are compared with some well-known correlations and 
are presented in Figure 3.  

A change of slope can be observed for a Reynolds 
number around 1900. In the laminar region there is 
poorer prediction of the Shah correlation as the 
Reynolds number gets closer to the transition zone. 
This can be explained with the transition to 
turbulent flow occurring at lower Reynolds number 
than in conventional channels. A good prediction 
from Gnielinski correlation can be observed in the 
turbulent region. Regarding the pressure drop, also 
represented in Figure 3, one can observe that the 
value increases with increasing Reynolds number as 
expected. The different slopes represented in the 
figure indicate the location of the transition zone. 

4.2 Two-phase flow 

The heat transfer coefficient and pressure loss of 
the pure refrigerant R134a were measured at various 
operating conditions. The experimental procedure 
was performed at 10, 15 and 20 bar, the vapor 
quality varied within a range of 10-90% and the mass 
flux between 400 and 1200 kg/(m2s). The heat 
transfer coefficient results obtained at a 
condensation pressure of 10 and 15 bar are presented 
in Figure 4. 

Figure 2: Schematic view of the test section and the experimentally measured values. 
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The variation of the vapor quality and mass flux 
showed a strong influence on the heat transfer 
coefficient. A general tendency of an increase of the 
heat transfer coefficient with increasing vapor 
quality and mass flux is observed. The increasing 
vapor quality leads to a reduction of the condensate 
layer thickness, which results in a lower thermal 
resistance, hence higher heat transfer. Along with 
this effect, the ratio between the vapor and liquid 
phases’ velocities also increases, resulting in stronger 
shear forces. There is also a positive effect of the 
turbulence, as the velocity gradient rises. Likewise, a 
higher mass flux promotes a higher heat transfer, as 
along with the rise of both phases’ velocities, there 
is an improvement of the momentum exchange.  

The influence of the saturation pressure on the heat 
transfer coefficient was also considered.  A decrease 
of the measured values was observed as the pressure 
increased between 10 bar and 15 bar, which can be 

explained by the change of the thermophysical 
properties of both phases. However, between 15 and 
20 bar the values measured are identical. A possible 
explanation is the smaller difference of the fluid 
properties between these two pressures.  

The results obtained for the pressure drop at a 
condensation pressure of 10 and 15 bar are presented 
in Figure 5. The pressure drop rises with increasing 
vapor quality and mass flux. It can be explained with 
the higher flow velocity and resultant increased inner 
friction and interfacial shear. Moreover, the effect on 
the measured values was detected to be higher for 
the mass flux than for the vapor quality.  

Regarding the effect of the saturation pressure on 
the pressure drop, one could observe a decrease of 
the pressure drop with increasing saturation 
pressure. This is a consequence of the variation of 
the thermophysical properties of the refrigerant with 
the saturation pressure. A higher saturation pressure 
means a lower slip ratio, which results in lower shear 

Figure 3: Comparison of the single-phase measurement 
results for heat transfer with the literature (a) and single-
phase flow measured pressure drop measured values (b). 

0

1

2

3

4

5

6

7

8

9

0 1000 2000 3000 4000 5000 6000

N
u/

N
u m

in
[-]

Reynolds [-]

Pure refrigerant
Shah (constant Tw)
Dittus-Boelter
Gnielinski

0

20

40

60

80

100

120

0 1000 2000 3000 4000 5000 6000

Δ
p/

Δ
p m

in
[-]

Reynolds [-]

Pure refrigerant
Transition

Figure 4: Experimental heat transfer coefficient values at
a condensation pressure of 10 bar (a) and 15 bar (b). 

1

3

5

7

9

11

0 0.2 0.4 0.6 0.8 1

h T
P/

h l
o
[-]

Vapor quality [-]

400 kg/(m²s)
600 kg/(m²s)
800 kg/(m²s)
1000 kg/(m²s)
1200 kg/(m²s)

1

3

5

7

9

11

0 0.2 0.4 0.6 0.8 1

h T
P
/h

lo
[-]

Vapor quality [-]

400 kg/(m²s)
600 kg/(m²s)
800 kg/(m²s)
1000 kg/(m²s)
1200 kg/(m²s)(b) 

(b) 

(a) 

(a) 



 

7 
 

forces between the two phases, as well as lower fluid 
inner friction.  

To validate the experimental results, 26 
repetition measurements were made, which 
represents approximately one third of the measured 
points. All the results obtained have overlapping 
uncertainty intervals. One can conclude that the 
measured values are reproduceable.  

5 Discussion 

5.1 Comparison with other MFT geometries 

The experimental results were compared with the 
previously obtained data with different MFT 
geometries. Two MFT consist of rectangular shaped 
channels, and a third MFT is H-shaped. The 
channels have different hydraulic diameters, are 
however all larger than the channel used in this work. 
The heat transfer coefficient and pressure drop 
results obtained for the four geometries at a 
condensation pressure of 10 bar and a mass flux of 
600 kg/(m2s) is presented in Figure 6. The triangular 

geometry presents a worse performance than the 
previously tested MFTs, considering both the heat 
transfer coefficient and the pressure drop.  

The performance of the tube with triangular 
channels regarding the heat transfer is identical to 
the H-shaped tube, since both are almost unaffected 
by the vapor quality increase at lower mass fluxes. 
At higher mass fluxes, the heat transfer coefficient 
increases with increasing vapor quality and mass 
flux, as expected. Despite lower heat transfer 
coefficients being expected for larger hydraulic 
diameters, that was not confirmed for both 
triangular and H-shaped channels. This result can be 
explained by the accumulation of the condensate in 
the corners, which reduces the perimeter of the 
channel with higher heat transfer coefficient.   

Along with the heat transfer, the pressure drop 
results were also compared with the ones obtained 
with other geometries. The values increase with the 
rise of both the vapor quality and mass flux. 
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Moreover, the value of the pressure drop decreases 
for larger hydraulic diameters, as it was expected. 
Regarding the effect of channels’ geometry on the 
pressure drop, based on the data it can be seen that 
this effect is not significant. 

5.2 Comparison with correlations 

The experimental data were also compared with 
the values predicted by various correlations found in 
the literature. These correlations were developed for 
macro and mini-channels; single tubes and 
multiport; circular and non-circular channels and 
different fluids. To study the effectiveness of the 
correlations the mean relative deviation (MRD), the 
mean absolute relative deviation (MARD) and 
percentage of points within a ±20% error band 
(EB-20%) are used.  

The pressure drop was compared with 
correlations developed for conventional channels, 
and with correlations which were developed for mini 
and micro-channels. The effectiveness indicators of 
some of the used correlations are presented in 
Table 1.  

One can observe that the correlations developed 
for conventional channels, such as Friedel (1979) and 
Müller-Steinhagen and Heck (1986) show relatively 
good accuracy.  However, the most satisfactory 
prediction of the measured data is obtained with the 
Cavallini et al. (2006) correlation (cf. Figure 7). This 
correlation was developed for annular and mist flow 
regimes in mini-channels, with the use of the 
entrainment factor.  

Regarding the heat transfer coefficient, the 
correlations show an unsatisfactory prediction of the 
experimental data, presenting high relative 
deviations and few or no data points within the 
EB-20% as shown in Table 2 for selected 
correlations. A possible reason is the relatively 
stronger influence of surface tensions for the smaller 
geometries.  

The correlations which presents lower relative 
deviation was developed by Webb and Ermis (2001). 
This correlation is completely empirical, and it was 
adapted to the experimental data obtained in this 
work. Based on the resulting correlation, one can 
observe a stronger dependency on the mass flux than 
on the vapor quality.   

The Jige et al. (2016) correlation was also 
adapted to the measured data. This correlation 
considers the effects of the vapor shear stress and 
surface tension on the condensation heat transfer, as 
well as the different flow regimes. Based on the 
resulting correlation, one can observe the dominance 
of the surface tension over the shear forces effects. 
The comparison between the adapted correlation 
and the measured results is shown in Figure 8. 
Despite the fact this adaptation resulted from a 
small amount of experimental data, it confirms the 
importance of the surface tension term inclusion in 
the heat transfer coefficient correlations for small 
geometries.  

6 Influence of oil in flow condensation 

The oil was introduced with the activation of the 
oil cycle and the software used for the data analysis 

Table 1: Partial overview of the comparison of the 
experimental pressure drop with the correlations. 

Table 2: Partial overview of the comparison of the 
experimental heat transfer coefficient with the 
correlations. 

Correlation 
MRD 
(%) 

MARD 
(%) 

EB-20% 
(%) 

Cavallini et al. (2006) -7 12 94 
Müller-Steinhagen and 
Heck (1986) 

13 17 67 

Jige et al. (2016) 22 23 55 

Friedel (1979) 23 24 46 

Zhang and Webb (2001) -29 30 19 

 

Correlation 
MRD 
(%) 

MARD 
(%) 

EB-20% 
(%) 

Webb e Ermis (2001) 48 50 18 

Jige et al. (2016) 135 135 0 

Cavallini et al. (2006) 213 213 0 
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was adapted. The performed experimental 
measurements for pure refrigerant were partly 
repeated for a refrigerant-oil mixture with 
approximately 1% nominal oil concentration, at a 
condensation pressure of 10 bar. The data obtained 
with the single-phase measurements showed, for the 
same Reynolds number, a rise of the pressure drop 
with the addition of oil in the cycle. These results 
can be explained with the effect of the higher 
viscosity of the refrigerant-oil mixture in comparison 
to the pure refrigerant. In addition, the heat transfer 
coefficients measured do not show a considerable 
influence of the oil addition. This effect is expected 
to be more noticeable for higher oil concentrations.  

Regarding the two-phase measurements, the 
influence of the oil in the cycle was noticed. 
Considering the heat transfer, the measured values 
showed a slightly positive influence of the addition 
of oil at lower mass fluxes and vapor qualities (cf. 
Figure 9). A possible explanation for these results is 
the effect of the higher surface tension of the mixture 
when compared with the pure refrigerant, which 
influences the condensate distribution around the 
channel. Additionally, the pressure drop was 
generally higher than the previously measured 
results, and it is considerably influenced by the rise 
of the vapor quality (cf. Figure 10). A relevant effect 
at lower vapor qualities is the reduced turbulence 
effect due to the higher viscosity of the mixture. 
Furthermore, the lowest mass flux presented the 
highest value of PF, which possibly results from the 
reduced lubricant entrainment. 

7 Conclusions and Future Work 

With the goal of determining experimentally the 
heat transfer coefficient and pressure drop inside a 
multiport flat tube with triangular channels and a 
hydraulic diameter of 0.529 mm, the experimental 
procedure was carried out using R134a as working 
fluid. 

The mass flux varied within a range of 400-
1200 kg/(m2s), the saturation pressure within a 
range of 10-20 bar and the inlet vapor quality 
between 10-90%. The influence of these operating 
conditions on the heat transfer coefficient and 
pressure drop was analyzed. Based on the obtained 
data, one can conclude these parameters have a 
strong influence on the measured values.  
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coefficients using the Jige et al. (2016) correlation 
modified, with the experimental data. 

Figure 10: Comparison between the experimental 
pressure drop values measured with pure refrigerant and 
with refrigerant-oil mixture at 10 bar. 

Figure 9: Comparison between the experimental heat 
transfer coefficient values measured with pure refrigerant 
and with refrigerant-oil mixture at 10 bar. 
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The performance of the multiport flat tube with 
triangular channels studied in this work is worse 
than previously studied geometries in both heat 
transfer coefficient and pressure drop. The heat 
transfer coefficient results can be explained with the 
distribution of the condensate around the channel. 
The pressure drop increases as the hydraulic 
diameter decreases, as expected.  

The experimental results were compared with 
those predicted by correlations available in the 
literature. While the pressure drop was adequately 
predicted by some of the correlations, the heat 
transfer coefficient was generally overestimated. 
Analysis indicates that the surface tension effects are 
a very relevant factor in the small geometries and it 
should be considered in the development of new 
correlations. 

The influence of the addition of oil in the system 
was also studied. The single-phase measurements 
showed a rise of the pressure drop. However, the 
results obtained for the heat transfer coefficient do 
not show a considerable influence of the oil addition. 
Regarding the two-phase measurements, the heat 
transfer coefficient showed a slightly positive 
influence of the oil addition. The pressure drop 
results are generally higher than the measured for 
pure refrigerant.  

For the future research it is suggested the study 
of a multiport flat tube with identical hydraulic 
diameter but with a different geometry, for example 
rectangular, in order to analyze whether the weaker 
performance of the studied channel is due to the 
effects of the small geometry or the shape itself.  

Regarding the measurements with oil, the 
repetition of the experimental procedure is 
recommended for higher saturation pressures (15 
and 20 bar), for a complete comparison with the pure 
refrigerant data. In addition, higher nominal oil 
concentrations should be studied, as it is expected 
to have a great influence in the heat transfer and 
pressure drop.  

It is recommended that the results presented in 
this document are added to a broader databank, 
which could be used for the development of the 
desired universal model for the prediction of the heat 
transfer coefficient and pressure drop in MFT. 
Computational models which include correlations 
developed based on a more complete databank will 
facilitate the design optimization of the condenser, 

possibly reducing the weight of the final component 
and thus improving the overall efficiency of the 
vehicle. 
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