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ABSTRACT 
  In space refrigeration and heat pump systems, 

the presence of lubricating oil in mini-channel 
condensers introduces problems of reduced heat 
transfer efficiency and increased pressure drop. In this 
paper, the flow condensation of refrigerant R134a in a 
mini-channel under microgravity is investigated by 
numerical simulation, and the effects of lubricating oil on 
heat transfer and pressure drop are analyzed for 
different tube shapes, hydraulic diameters, and mass 
fluxes. It was found that as the lubricating oil 
concentration increases, the heat transfer coefficient 
decreases while the pressure gradient increases for the 
same vapor quality. This phenomenon is due to the fact 
that the presence of the lubricating oil increases the fluid 
viscosity and the viscous shear increases, leading to a 
reduction in the inertial forces and the relative velocity 
of the gas-liquid. Define the ratio of the condensation 
heat transfer coefficient of the oil-containing refrigerant 
to the condensation heat transfer coefficient of the pure 
refrigerant at the same operating condition as the "oil 
impact factor". When holding the oil concentration 
constant, the oil impact factor increases as the mass flow 
rate decreases and the channel hydraulic diameter 
increases. Moreover, as the refrigerant vapor quality 
decrease, the oil impact factor also exhibits an upward 
trend. This study provides optimization insights for the 
design and development of condensers used in space 
refrigeration/heat pump systems. 
 
Keywords: mini-channel, lubricating oil, condensation, 
R134a, microgravity  
 

NONMENCLATURE 

Abbreviations  

cp 
Specific heat at constant pressure  
(J·kg-1·K-1) 

D Diameter (m) 
Fvol Volume force (N·m−1) 
G Mass flux (kg·m-2·s-1) 
g Gravity (m·s−2) 
hLV Latent heat (J·kg−1) 
k Turbulent kinetic energy 
r Empirical coefficient (s-1) 
SE Energy source item (W·m−3) 

SG 
Gas phase mass source term 
(kg·m−3·s−1) 

SL 
Liquid phase mass source term 
(kg·m−3·s−1) 

t Time (s) 
T Temperature (K) 
We Weber number 
x Vapor quality 

y+ 
Dimensionless thickness of the first 
layer mesh 

Symbols  

ρ Density (kg·m−3) 
σ Surface tension coefficient (N·m−1) 
α Volume fraction 
λ Thermal conductivity (W·m-1·K-1) 
μ Dynamic viscosity (Pa·s) 
ε Turbulent dissipation rate 
κ Curvature (m−1) 
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1. INTRODUCTION 
As space exploration continues to advance [1], 

effective heat management becomes a pressing issue. 
The hot environment inside spacecraft requires efficient 
heat dissipation, as well as refrigeration to preserve 
food, and biological samples, and support various 
scientific research. As a result, vapor compression 
refrigeration and heat pump systems, which are widely 
used in space, are becoming increasingly important. 
These systems play a key role in maintaining the 
temperature and environmental conditions inside 
spacecraft. In 1977, Berner et al [2] of the European 
Space Agency proposed a vapor compression system as 
a single-stage refrigeration unit on a space station to 
provide the required low-temperature environment for 
food, pharmaceuticals, and other items. Subsequently, 
Dexter et al [3] revealed the potential of heat pumps for 
large spacecraft applications by comparing a single-
phase fluid-thermal control system with an electrically 
driven heat pump system. 

In vapor compression systems, the flow 
condensation process plays a critical role in enabling the 
working medium to efficiently release heat and complete 
the transition from the gas phase to the liquid phase. 
Given the long duration and complexity of future space 
missions, the two-phase heat exchanger in a vapor 
compression refrigeration/heat pump system must be 
compact and efficient in heat transfer. The introduction 
of mini-channel heat exchanger technology in heat 
pump/refrigeration systems is expected to significantly 
increase heat exchange efficiency [4-5], reduce the 
refrigerant charge [6], and lower the overall weight of 
the system [7]. Some scholars have carried out 
researches on the flow condensation in mini-channel, 
and studied the characteristics of flow, heat transfer and 
pressure drop experimentally or theoretically. Ding et al. 
[8] conducted a visual experimental study on the flow 
condensation of R410A in a rectangular channel with a 
hydraulic diameter of 0.67mm. The study revealed that 
under the same conditions, the wavy flow, annular flow, 
intermittent flow and bubble flow appear successively in 
the condensation process when the mass flux is low, 
while the intermittent flow and bubble flow gradually 
disappear with the increase of the mass velocity. Chu et 
al. [9] proposed a novel trapezoidal drain structure to 
enhance the condensation heat transfer in rectangular 
mini-channel. The result showed that the structure can 
entrain the liquid film effectively through gravity and 
surface tension, thus increasing the contact area 
between vapor and wall. However, none of these studies 

considered the effect of lubricating oil on the flow 
condensation process in mini-channels. 

Lubricating oils play multiple critical roles in vapor 
compression refrigeration systems, including reducing 
friction and wear, conducting heat, maintaining sealing 
performance, and cooling. Lubricating oil is typically 
collected in an oil separator or oil separation device in 
the system to separate the lubricating oil from the 
refrigerant and prevent the lubricating oil from entering 
critical components such as the evaporator or 
condenser. If the lubricating oil is not completely 
collected or separated, it can lead to refrigerant 
contamination, which can reduce system efficiency and 
increase maintenance requirements. However, in 
microgravity or zero-gravity conditions, the oil separator 
will not be able to rely on gravity to separate the 
refrigerant from the lubricating oil [10-11]. As a result, its 
oil separation and recovery effectiveness will be greatly 
reduced, causing more lubricating oil than in normal 
gravity conditions to enter the heat exchanger and 
circulate throughout the entire system. Therefore, the 
impact of lubricating oil on the system's heat exchange 
under microgravity conditions cannot be ignored. 
Consequently, it is crucial to study the effect of 
lubricating oil on the flow condensation process in mini-
channels under microgravity conditions. 

In this paper, the condensation process of R134a 
refrigerant in a mini-channel with different oil contents 
is numerically simulated on the basis of a refrigerant-
lubricant mixture model. The effects of oil content on the 
flow condensation heat transfer and pressure drop were 
analyzed under different channel shapes, hydraulic 
diameters, mass flow rates and vapor masses. In 
addition, the effects of refrigerant vapor quality, gravity 
and other factors on the role of lubricating oil were 
investigated, and the impact factors of lubricating oil on 
the flow condensation heat transfer in the mini-channel 
under different conditions were comparatively 
investigated.  

2. MODEL SETTING  

2.1 Physical model 

The research objective of this paper is the flow 
condensation of R134a in mini-channels, with a 
saturated temperature set at 40°C. The thermophysical 
properties of the fluid can be obtained from the 
REFPROP 9.1 database [12], which are temperature-
dependent. R134a undergoes heat release and 
transitions from a saturated gas to a gas-liquid two-
phase state. The mass flux of the fluid ranges from 200 
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to 800 kg·m⁻²·s⁻¹ (turbulence from the inlet), and the 
hydraulic diameter of the channel is set at 0.5, 1, and 2 
mm. Geometric models include horizontal single circular 
channels, square channels, and regular triangular 
channels. The schematic diagram of the geometric 
models used in this paper is shown in Fig. 1. Each channel 
shape has the same hydraulic diameter, as illustrated in 
Fig. 2. 

 

 
(a) Circular channel 

 
(b) Square channel 

 
(c) Regular triangular channel 

Fig. 1 Schematic diagram of geometric models 
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Fig. 2 Channel sections with the same hydraulic diameter 

and different shapes 

 
ANSYS Fluent is adopted to perform the numerical 

work. The velocity boundary condition is applied to the 
computational domain inlet, and the pressure boundary 
condition is adopted at the outlet. The tube wall is set as 
a smooth, non-slip and non-thickness surface. On 
account of the existence of entrance effect [13], the 
adiabatic wall is set up after the inlet to allow the fluid to 
develop fully. Generally, the length of inlet section is 
about 25 to 50 times the diameter of channel, but if the 
inlet fluid is turbulent, the length of inlet section is about 
10-15 times the diameter of channel [14]. In this study, 
the total length of channel is set as 130mm, in which the 
fluid in the first 30mm section flows adiabatically, and 

the condensation occurs in the last 100mm section. It is 
sufficient to ensure the full development of fluid at the 
beginning of condensation. Since the refrigerant is 
generally cooled by the cooling water in the condenser, 
and the temperature of the cooling water is 
approximately linearly changed with the length of flow, 
the heat flux on the wall of the condensation section is 
set to be constant. 

The computational domain is filled with structured 
hexahedral mesh. Due to the boundary layer, the mesh 
is refined uniformly near the wall region and the mesh 
size increases gradually in the radial direction. The height 
of the first layer of the near-wall mesh is set to ensure y+ 
is less than 1. In addition, in order to speed up the 
simulation, on the premise of maintaining high 
computational accuracy, the appropriate mesh number 
is set in each geometric model. 

2.2 Section of Introduction 

2.2.1 VOF model  

The VOF (Volume of Fluid) model has been proven to 
be an effective way to track the motion of the liquid and 
vapor interface between two immiscible and 
incompressible fluids [15]. For this model, the sum of the 
volume fractions of each control body item must be 1. 

1L G+ =   (1)
 

Since different phases share a set of momentum 
equation and energy equation, the VOF model treats the 
two-phase mixture as a single fluid, and the 
thermophysical properties (density, thermal 
conductivity, dynamic viscosity and specific internal 
energy) of the two-phase mixture in calculation unit can 
be obtained by the following formulas: 

L L G G= +      (2) 

= L L G G+      (3) 

= L L G G+      (4) 

( )
( )

+ 1

+ 1

L L L L G G

L L L G

E E
E

−
=

−

   

   
 (5) 

Governing equations include continuity equation, 
momentum equation and energy equation. The 
governing equations for steady state are listed as 
follows:   

Continuity equation: 

( )G G Gu S =   (6) 

( )L L Lu S  =   (7) 

Momentum equation: 
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( ) ( )T

voluu p u u g F   = − +   + + +
  

    (8) 

Energy equation: 

( ) ( )+ eff Eu E p T S   =    +    (9) 

p t

eff

t

C

Pr
= +


   (10) 

 

2.2.2 Component Transportation Model  

In refrigeration and heat pump equipment, R134a 
compressors typically employ POE lubricating oil 
(Polyolester synthetic oil) due to its good compatibility 
with the refrigerant. In the simulations discussed in this 
paper, the inlet flow consists of gaseous R134a and 
lubricating oil fluid. Initially, these two phases are 
immiscible. However, as the flow undergoes 
condensation and heat transfer, a portion of the gaseous 
R134a turns into the liquid phase and mixes with the 
lubricating oil. This results in a fluid that can be described 
as an R134a-lubricating oil mixture. Since no chemical 
reaction occurs between R134a and the lubricating oil 
during condensation, and only diffusion effects are at 
play, we activate the Species Transport model and 
configure it to represent the liquid phase as a multi-
component mixture of R134a and lubricating oil. 

The Species Transport model handles multi-
component mixtures, which can be either fixed-
component or variable-component mixtures. In the case 
of variable-component mixtures, changes in component 
concentrations can occur due to various factors like 
combustion, chemical reactions, or other mass transfer 
processes. As the liquid-phase R134a continuously 
increases during the condensation phase transition, our 
R134a-lubricating oil mixture falls into the category of 
variable-component mixtures. In our User-Defined 
Function (UDF) for the condensation phase transition, 
we need to direct the mass source term pointer toward 
the liquid-phase R134a component within the mixture. 
For multi-component simulations, the Species Transport 
model includes component equations that determine 
the mass fractions (Yi) of each component. These 
equations are solved through the convection-diffusion 
equation for each component. 

( )
( )i

i i i i

Y
uY J R S

t


+ = − + +
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2.2.3 Turbulence model  

An appropriate turbulence model is helpful to the 
prediction of turbulent flow. The k-ε model has the 

advantages of reliability, good convergence and low 
demand for computer memory [16]. In this study, the 
realizable k-ε model is adopted, which can effectively 
simulate the character of turbulence on the premise of 
saving computing resources, and avoid the turbulent 
viscosity being too high predicted. Compared with the 
standard k-ε model, the Realizable k-ε model is improved 
in two parts [17]: (1) The constant coefficient is changed 
into a variable in the solution formula of turbulent 
viscosity; (2) Based on the exact equation of mean square 
eddy current transport, the modified transport equation 
of turbulent dissipation rate is derived to make it more 
consistent with the turbulent characteristics.  

Besides, when the flow near the wall has a great 
influence on the whole flow or the Re number is low, the 
enhanced wall treatment has the best effect. In the 
process of flow condensation, the liquid film will be 
produced at the wall, which will reduce the Re number 
near the wall. Therefore, the enhanced wall treatment 
method is adopted in the simulation. 
 
2.2.4 Surface tension model  

To take into account the effects of surface tension, 
the CSF (Continuum Surface Force) model proposed by 
Brackbill et al. [18] is adopted. Then the surface force can 
be expressed as a volume force in the momentum 
equation, which is computed as follows: 

2 L L

L G

F
→ 
=

+

 


 
 (12)

 

The divergence of the unit surface normal at the 
interface can be used to compute the surface curvature: 

L
L

L


=





 (13)

 

 
2.2.5 Phase change model  

Lee model [19] is a simplified evaporation-
condensation model, in which the main driving force of 
phase change is the temperature difference between the 
temperature and saturation temperature of each cell in 
the computational domain. The larger the temperature 
difference, the faster the rate of phase change. In this 
study, the Lee model is adopted to simulate the 
condensation process by adding the following equations 
to the governing equations as a source term through the 
user defined functions: 

( )

( )

, if

, if

sat

G G sat

sat

G L

sat

L L sat

sat

T T
r T T

T
S S

T T
r T T

T

 −
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−
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E L LVS S h=  (15) 

Where r is the empirical coefficient [20], which is 
actually associated with the fluid, geometry, boundary 
conditions and even mesh size [21]. Riva et al. [22] found 
that too small value of r would lead to a large difference 
between the temperature of the gas-liquid interface and 
the saturation temperature, while too large value of r 
would make the simulation calculation difficult to 
converge. In this paper, the value of r is adjusted by trial-
and-error method, which increases from 5×105 to 
1.5×106 s-1 with the increase of mass flux to ensure that 
the difference between the gas-liquid interface 
temperature and saturation temperature is less than 1 K. 

2.3 Material Properties 

For the R134a refrigerant, a saturation temperature 
of 40°C was selected, and the thermophysical properties 
of each phase can be queried by REFPROP 10.0 and filled 
in the material interface. Tab. 1 demonstrates the 
comparison of each thermophysical property between 
POE lubricating oil and R134a gas-liquid two-phase under 
simulated working conditions. It should be noted that the 
kinetic viscosity of the lubricating oil is much higher than 
that of the liquid R134a, and its surface tension 
coefficient is also higher, so due to the difference in 
physical properties, the lubricating oil will inevitably have 
some influence on the heat transfer and pressure drop 
characteristics of the refrigerant. 
 
Tab. 1  
Under simulated operating conditions, the thermophysical 
parameters of POE lubricating oil and R134a are examined. 

Parameters POE 
Saturated 

liquid R134a 

Saturated 

gaseous R134a 

ρ / kg·m-3 942.0 1147 50.09 

Cp / J·kg-1·K-1 1872 1498 1145 

λ / W·m-1·K-1 0.1198 0.0747 0.0154 

μ / Pa·s 0.0619 1.615e-4 1.237e-05 

σ / N·m-1 0.0274 6.115e-3 - 

 

2.4 Model validation 

In simulation calculations, the density of the mesh 
has a direct impact on the accuracy of the results. In 
general, the denser the mesh, the more accurate the 
simulation results are, but this is also accompanied by an 
increase in the amount of computation as well as an 
increase in the time required for computation, which will 
greatly consume computer resources [23]. Therefore, 
using a circular channel (Dh = 1 mm) with 1% oil content 

as an example, we performed a grid-independent 
validation as shown in Fig. 3. There is only a 1.3% 
difference in the average heat transfer coefficient using 
5.9 million meshes compared to the case using 4.3 
million meshes. Therefore, we determined that the use 
of 4.3 million meshes is appropriate in this case. 

Fig. 4 compares the simulation data with the 
experimental data by Huang et al. [24] for the 
condensation heat transfer coefficient in a horizontal 
circular channel (Dh=1.6 mm) at mass flux of 500 kg·m-2·s-

1. The result shows that in that case, the relative errors 
between the simulated data and the experimental data 
are within 11.6%, which indicates the reliability and 
accuracy of the numerical model in this study. 
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Fig. 3 Average heat transfer coefficient with different mesh 

numbers 
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Fig. 4 Comparison of simulation data, experimental data 
and correlation of condensation heat transfer coefficient 

3. RESULTS 

This section conducts a study on the impact of 
lubricating oil concentration on the condensing heat 
transfer coefficient of R134a based on the modeling of 
refrigerant-lubricant mixtures. It should be noted that, in 
this study, oil concentration is defined as the ratio of the 
lubricant's mass flow rate to the total mass flow rate. 
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3.1 Influence of lubricating oil on flow condensing heat 
transfer characteristics 

The variation of condensation heat transfer 
coefficients with vapor quality for R134a containing 
different oil concentrations in three types of channels is 
depicted in Fig. 5. The channels have a hydraulic 
diameter of 1 mm, and a mass flow rate of 400 kg·m-2·s-

1, and the studied oil concentrations are 0% (pure 
working fluid), 1%, and 5%, respectively. As shown in the 
figure, the condensation heat transfer coefficient 
decreases as vapor quality decreases in the case of 
working fluid containing oil. This trend aligns with the 
behavior observed in pure R134a condensation heat 
transfer and is attributed to the thickening of the 
condensate film. Lubricating oil has a detrimental effect 
on R134a condensation heat transfer, and the higher the 
oil concentration, the lower the condensation heat 
transfer coefficient at the same vapor quality. This is 
because the viscosity of the lubricating oil is significantly 
higher than that of the refrigerant, leading to the 
formation of an oil film on the wall at high vapor quality, 
increasing heat transfer resistance. In the mixed liquid 
film at low vapor quality, even though the mass ratio of 
lubricating oil is smaller than that of R134a, the overall 
viscosity of the liquid film is still higher compared to the 
pure industrial liquid film. Consequently, this reduces the 
average velocity of the liquid phase and turbulence 
intensity, thus deteriorating the condensation heat 
transfer. 
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Fig. 5 Influence of lubricating oil concentration on 

condensation heat transfer coefficient in channels of three 
shapes 

 
Fig. 5 Influence of lubricating oil concentration on 

condensation heat transfer coefficient in channels of 
three shapes 

As the vapor quality decreases, the local oil 
concentration of the lubricating oil in the liquid-phase 
mixture gradually decreases, and the overall viscosity 
also decreases. Consequently, the trend of the heat 

transfer coefficient decreasing with vapor quality 
becomes slower. Furthermore, unlike the case of pure 
vapor condensation, there is little difference in the heat 
transfer coefficients for condensation of oil-containing 
working fluid in the three passages. This indicates that 
the oil film is less affected by surface tension, is more 
uniformly distributed on the wall, and contributes to a 
larger thermal resistance, significantly influencing the 
overall heat transfer. 
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Fig. 6 Influence of lubricating oil concentration on 

condensation heat transfer coefficient in channels with 
different hydraulic diameters 
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Fig. 7 Influence of lubricating oil concentration on 

condensation heat transfer coefficient at different mass 
fluxes 

 
Fig. 6 depicts the variation of the condensation heat 

transfer coefficient with vapor quality for oil-laden R134a 
at different hydraulic diameters in a circular channel, 
with a mass flow rate of 400 kg·m-2·s-1. As shown in the 
graph, in the absence of oil, the condensation heat 
transfer coefficient significantly decreases as the 
hydraulic diameter increases. However, at 1% and 5% oil 
concentrations, the reduction in heat transfer coefficient 
is minimal and can be practically neglected. This 
observation suggests that the influence of surface 
tension on the R134a-oil liquid film is more significant 
than on the pure R134a liquid film under the same 
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conditions, resulting in a lesser impact of hydraulic 
diameter changes on the former's liquid film distribution. 

Fig. 7 shows the variation of condensation heat 
transfer coefficient with vapor quality at different mass 
flow rates for oil-containing R134a with different oil 
concentrations in a circular channel with a hydraulic 
diameter of 1 mm. It can be found that, compared with 
oil-containing working fluid, pure R134a shows a greater 
enhancement of the condensation heat transfer 
coefficient through the increase of mass flow rate, due 
to the viscosity of the lubricating oil, and the oil-
containing fluid film relative to the overall mass flow rate 
increase. The increase in flow rate is limited, resulting in 
a smaller increase in heat transfer coefficient with 
increasing mass flow rate. 
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Fig. 8 Variation of impact factors of lubricating oil with 
different concentrations on condensation heat transfer 

coefficient with vapor quality 
 
Based on the analysis provided, it's clear that the 

presence of lubricating oil in miniature channels 
adversely affects the condensation heat transfer of 
R134a. This heat transfer deterioration varies depending 
on the oil concentration. We define the oil impact factor 
as the ratio of the condensation heat transfer coefficient 
for oil-containing working fluid to that of pure working 
fluid under identical conditions. This factor quantifies the 
extent to which lubricating oil hampers the condensation 
heat transfer. Fig. 8 depicts the lubricating oil influence 
coefficient versus vapor mass for different lubricating oil 
concentrations, taking into account variations in 
hydraulic diameter and mass flow rate. Notably, the oil 
impact factor consistently remains below 1, indicating a 
detrimental effect of lubricating oil on condensation heat 
transfer under these conditions. Higher oil 
concentrations result in lower oil impact factors, 
highlighting a more pronounced negative impact of 
lubricating oil on the heat transfer coefficient. At a 1% oil 

concentration, the oil impact factor ranges from 0.58 to 
0.78, while at a 5% oil concentration, it varies within the 
range of 0.34 to 0.51. 

When compared at the same oil concentration, the 
oil impact factor decreases with the increase of mass 
flow rate and increases with the increase of channel 
hydraulic diameter. In addition, there is a tendency for 
the oil impact factor to increase with decreasing vapor 
quality. This trend can be attributed to the gradual 
decrease in the local oil concentration in the liquid 
phase, resulting in a decrease in its viscosity. As a result, 
the deteriorating effect of the lubricating oil on the 
condensation heat transfer of the working fluid gradually 
diminishes. It is evident that the lubricating oil in the 
mini-channel has a significant detrimental effect on the 
condensation heat transfer of the refrigerant. 
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Considering that the lubricating oil in the heat pump 

under microgravity conditions will be difficult to avoid 
circulating throughout the system and affecting the 
performance of the heat exchanger, Fig. 9 demonstrates 
the effect of lubricating oil concentration on the 
condensation heat transfer coefficient of R134a with and 
without gravity conditions, in which the channel shape is 
circular, the hydraulic diameter is 1 mm, and the mass 
flow rate is 400 kg·m-2·-s-1 For the pure workpiece, the 
gravity-free conditions are not suitable for the 
condensation heat transfer coefficient of the R134a due 
to liquid film uniform distribution, its condensation heat 
transfer coefficient is significantly lower compared to the 
normal gravity condition. For 1% and 5% oil 
concentration of oil-containing workpiece, gravity has 
basically no effect on condensation heat transfer, which 
is because the surface tension coefficient of oil-
containing workpiece is higher, and the effect of surface 
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tension weakens the effect of gravity on condensation 
heat transfer. Therefore, in engineering design, the heat 
transfer correlation equation for condensation of oil-
containing working fluid under normal gravity conditions 
can more accurately predict the heat transfer 
characteristics under microgravity conditions compared 
with pure refrigerant. 

3.2 Influence of lubricating oil on flow condensing 
pressure drop characteristics 
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Fig. 10 Influence of lubricating oil concentration on 

condensation pressure drop gradient in channels of three 
shapes 
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Fig. 11 Influence of lubricating oil concentration on 

condensation pressure drop gradient in channels with 
different hydraulic diameters 

 
Fig. 10 illustrates how the pressure drop gradient 

changes as vapor quality varies for R134a mixed with oil 
at different concentrations in various channel shapes. 
These channels have a 1 mm hydraulic diameter and a 
mass flow rate of 400 kg·m-2·s-1. In general, the pressure 
drop gradient during condensation decreases as vapor 

quality decreases, similar to what's observed with pure 
condensation. However, at lower oil concentrations, the 
gradient first increases slightly and then decreases. 
Conversely, at higher oil concentrations, the gradient 
keeps decreasing. This happens because a high vapor 
quality oil film forms on the channel wall with more oil 
concentration. This film prevents direct contact between 
the R134a gas and the channel wall. Due to the oil film's 
high viscosity, it creates strong shear forces at the 
interfaces between the gas phase and the oil film, and 
between the oil film and the wall. This initially results in 
a higher pressure drop gradient during the early stages 
of condensation. But as the condensate film thickens, the 
relative speed between the gas and liquid decreases. This 
reduces the local oil concentration and lowers the overall 
viscosity of the liquid film, leading to a continuous 
decrease in the pressure drop gradient during 
condensation. 

In addition, the gradient of condensation pressure 
drop of oil-containing R134a increases with increasing oil 
concentration. This increase is mainly due to the increase 
in the viscosity of the liquid-phase mixture as a result of 
the elevated oil concentration, which in turn promotes 
an increase in turbulent shear. It is worth noting that the 
pressure drop gradient in the circular channel is larger 
than the other two shapes under high vapor quality 
conditions. This difference in pressure drop gradient 
becomes more pronounced with increasing oil 
concentration. The main reason for this difference is the 
behavior of the liquid film in the square and triangular 
channels, which are affected by surface tension and tend 
to accumulate at the corners. The surface tension 
coefficient of the lubricating oil is relatively high and the 
effect of surface tension is exacerbated by increasing 
lubricating oil concentration. This in turn inhibits the 
growth of shear forces between the fluid and the wall. 

The variation of the condensation pressure drop 
gradient with vapor quality for oil-containing R134a, with 
different oil concentrations, in circular channels of 
varying hydraulic diameters is presented in Fig. 11. The 
mass flow rate is set at 400 kg·m-2·-s-1. As observed in the 
figures, the increase in condensation pressure drop 
gradient with rising oil concentration diminishes as the 
hydraulic diameter increases. This phenomenon can be 
attributed to the fact that an increase in oil 
concentration elevates the surface tension coefficient of 
the liquid-phase mixture. Consequently, the specific 
gravity of the surface tension effect becomes more 
pronounced, particularly in larger diameter channels. 
This enhanced effect effectively dampens the increase in 
shear forces between the fluid and the channel wall. 
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Fig. 12 Influence of lubricating oil concentration on 

condensation pressure drop gradient under different mass 
fluxes 
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Fig. 13 Influence of lubricating oil concentration on 

condensation pressure drop gradient with and without 
gravity 

 
Fig. 12 depict the variation of the condensation 

pressure drop gradient with vapor quality for oil-
containing R134a at different oil concentrations in a 
circular channel, with varying mass flow rates. The 
hydraulic diameter of the channel is set at 1 mm. As the 
mass flow rate increases, the condensation pressure 
drop gradient at the same oil concentration undergoes a 
transition from a trend of decreasing with decreasing 

vapor quality to a trend of initially increasing slightly and 
then decreasing again. This transition suggests that, 
under high vapor quality conditions, the oil film 
distributed along the channel wall gradually becomes 
thinner with the increasing mass flow rate, thereby 
enhancing the contact between the gas phase and the 
channel wall. 

Fig. 13 illustrates the impact of lubricating oil 
concentration on the condensation pressure drop 
gradient of R134a under both gravity and gravity-free 
conditions. In this scenario, the channel shape is circular, 
with a hydraulic diameter of 1 mm, and the mass flow 
rate is set at 400 kg·m-2·-s-1. It is noticeable that the 
condensation pressure drop gradient under gravity-free 
conditions is slightly higher compared to that under 
normal gravity conditions. This increase can be 
attributed to the rise in relative velocity between the gas 
and liquid phases in the absence of gravity. Furthermore, 
when comparing the oil-containing working fluid with 
the pure working fluid, the higher surface tension of the 
oil-containing mixture mitigates the influence of gravity. 
As a result, there is minimal difference in the 
condensation pressure drop gradient between the 
conditions with and without gravity. 

In summary, the condensation heat transfer 
coefficient is primarily influenced by the thickness of the 
liquid film and the inertia force, while the pressure 
gradient is mainly affected by the viscous shear force. As 
the fluid flow rate increases, both the inertia force and 
viscous shear force rise, leading to an increase in both 
heat transfer coefficient and pressure drop gradient. An 
increase in the viscosity of the working fluid primarily 
amplifies the viscous shear force, while concurrently 
reducing the inertial force and the flow rate of the gas-
liquid phases. Consequently, this results in an elevated 
pressure drop gradient and a reduction in the heat 
transfer coefficient. Therefore, the effect of lubricating 
oil on the channel's flow condensation heat transfer 
coefficient and pressure drop gradient is counteractive in 
nature. 

4. CONCLUSIONS 

This paper presents a simulation study on the 
influence of lubricating oil in miniature channels on 
R134a flow condensation heat transfer and pressure 
drop characteristics, based on the establishment of a 
refrigerant-lubricant oil mixture model. The study 
explores the impact of factors such as vapor quality, 
channel shape, mass flow rate, hydraulic diameter, and 
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gravity on the lubricating oil effect. The following 
conclusions have been drawn: 

(1) Lubricating oil has contrasting effects on the flow 
condensation heat transfer coefficient and pressure drop 
gradient within the channel. Higher oil concentrations 
result in lower condensation heat transfer coefficients at 
the same vapor quality level and larger pressure drop 
gradients. 

(2) An 'oil impact factor' is defined as the ratio of the 
condensation heat transfer coefficient of the oil-
containing medium to that of the pure medium under 
identical conditions. At the same oil concentration, the 
oil impact factor decreases with increasing mass flow 
rate and increases with a larger channel hydraulic 
diameter. Additionally, the oil impact factor tends to 
increase as vapor quality decreases. 

(3) At low oil concentrations, the condensation 
pressure drop gradient exhibits a slight increase followed 
by a decrease, while at high oil concentrations, the 
pressure drop gradient consistently decreases. This 
behavior is linked to the high-viscosity nature of the oil 
film along the channel wall. 
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