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Abstract 21 

Oil is injected into Sliding Vane Rotary Compressors (SVRCs) for cooling, sealing and lubrication purposes. 22 

This paper presents numerical investigations on the oil-gas two-phase flow characteristics of the SVRC followed 23 

by studying the effects of the oil injection parameters on the compressor performance. The analytical grid 24 

generation methodology was employed to discretise the rotating and deforming rotor fluid domain. The 25 

Computational Fluid Dynamics (CFD) model of the SVRC was developed and validated with experimental test 26 

data. The flow topology was analyzed to illustrate the flow and oil distribution features within the compressor. 27 

Moreover, the influence of the oil injection parameters (oil to gas ratio, oil injection angle, oil injection temperature 28 

and rotational speed) on the compressor performance were explored. The results show that the oil accumulates at 29 

the leading sides of the blades and then flows into the blade tip region, which helps to reduce the internal leakage. 30 

In the reference case, the compressor achieves the volumetric efficiency of 95.1%, the adiabatic efficiency of 31 

60.3%, the exhaust temperature of 337.4 K and the specific power of 9.86 kW/(m3·min-1). Furthermore, increasing 32 

oil to gas ratio leads to better cooling and sealing performance, but also results in higher specific power. Oil to gas 33 

mass ratio has higher sensitivity than oil injection temperature or angle. About 8º shift in oil injection angle results 34 

in 4.2% decrease in specific power. The lubricating oil capacity should be increased accordingly to the increasing 35 

rotational speed. 36 
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Nomenclature 41 

Symbols  W Power [W] 

α Volume fraction [-] Z Axial length [mm] 

γ Specific heat ratio [-] Subscripts  

η Efficiency [-] ad Adiabatic 

μ Dynamic viscosity [Pa·s] axi Axial 

ρ Density [kg/m3] bla Blade 

τ Torque [Nm] comp Compressor 

λ Thermal conductivity [W/(m·k)] g Gas 

cp Specific heat capacity [J/(kg·K)] gap Tangential clearance 

C Clearance [µm] in Inlet 

e Eccentricity distance [mm] inj Injection 

F Body force [-] l Liquid 

g Gas phase [-] out Outlet 

G Gravity term [-] spe Specific 

h Specific enthalpy [J/mol] th Theoretical 

l Liquid phase [-] tip Blade tip 

m Mass flow rate [kg/s] vol Volumetric 

n Rotational speed [RPM] Acronyms  

p Pressure [bar] CFD Computational Fluid Dynamics 

Q Volume flow rate [m3/min] FVM Finite Volume Method 

R Radius [mm] SVRC Sliding Vane Rotary Compressor 

t Time [s] UDF User Defined Function 

T Temperature [K] UDND User Defined Nodal Displacement 

Th Thickness [mm]  VOF Volume of Fluid 

v Velocity [m/s]   
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1. Introduction 43 

According to National Aeronautics and Space Administration, the global average temperature has risen by 44 

over 1.18°C compared to the late 19th century (NASA, 2021). This increase has led to significant climate and 45 

environmental issues, including extreme weather events, glacier melting and rising sea levels (Yuan et al., 2022). 46 

Therefore, addressing carbon dioxide emissions has become an urgent necessity. In the industrial sector, 47 

compressed air is one of the main energy consumers, which accounts for around 10% of the electricity consumed 48 

in the European Union and China, while in the US, Malaysia and South Africa accounts for about 9% of total 49 

energy consumption (Cabello Eras et al., 2020). And this share may exceed 20% if residential and commercial 50 

usage (air conditioning, ventilation, pneumatic heating, air pumps, etc.) are included (Vittorini and Cipollone, 51 

2016b). Compressed air systems nowadays are inefficient and characterized by high carbon dioxide emissions 52 

(Çağman et al., 2022), presenting high potential for energy savings. Rotary positive displacement compressors, 53 

such as screw and sliding vane types, are the most widely used compressor technology for pressures ranging from 54 

7-12 bar and flow rates less than 1000 m³/min (Bianchi et al., 2015). Among them, Sliding Vane Rotary 55 

Compressors (SVRCs) have some intrinsic features which state an unforeseen potential due to the advantages of 56 

compact design, low vibration, long lifespan, and stable operation (Shouman et al., 2017). Indeed, an energy 57 

consumption analysis on positive displacement machines showed that SVRCs were more efficiently than screw 58 

compressors if on\off load conditions were taken into consideration (Roberto and Diego, 2014). In addition to 59 

being applied for compressed air (Murgia et al., 2017; Valenti et al., 2021), SVRCs are also extensively used for 60 

refrigeration (Aw and Ooi, 2021; Liu et al., 2023), automotive air conditioning (Wang et al., 2020) and heat pump 61 

(Hosseinnia et al., 2024; Olympios et al., 2024). Therefore, improving the performance and its efficiency 62 

contributes to significantly reduce energy consumption and carbon dioxide emissions. 63 

To improve the performance of rotary positive displacement compressors, an oil injection technique has been 64 

introduced to transform the current adiabatic compression process towards an isothermal one, which demonstrated 65 

the cooling capability of the oil during the compression stage (Deichmann et al., 2023; Li et al., 2023; Zhang et 66 

al., 2019). In addition to cooling purpose, oil injection can also achieve lubrication and sealing effects (Wu et al., 67 

2023). Research on improving compressor performance through oil injection technology has mainly focused on 68 

screw compressors. He et al. (2018) conducted experimental tests on twin-screw compressors and found that 69 

increasing the oil injection flow rate improved both the adiabatic and volumetric efficiencies, and also decreased 70 



the exhaust temperature and specific power. While Wu et al. (2022) performed an experimental investigation on 71 

the effects of the oil injection amount on the screw compressor performance, indicating that an oil mass flow rate 72 

of 2.28 m³/h achieved the highest efficiency. Basha et al. (2018) studied the performance of an oil-injected screw 73 

compressor under various discharge pressures and rotational speeds, and found that the oil injection flow rates had 74 

a greater impact on the power consumption than the air flow rate, revealing the oil injection quantity as a key 75 

parameter for screw compressors. They also suggested that the screw compressor with two port configurations 76 

reduced the maximum gas temperature by 30~35 °C compared to that with one port configuration (Basha et al., 77 

2021). Peng and Yan (2023) theoretically analyzed the effects of the injection speed, temperature difference, 78 

droplet diameter and initial velocity on the heat transfer between the droplets and the working fluid based on a 79 

spatial kinematic model, finding that the droplet diameter significantly impacted the gas-liquid heat transfer. 80 

The application of the oil injection technology on the SVRC was a breakthrough in this scientific field. Kruse 81 

(1980) introduced oil injection to decrease the blade tip friction, which decreased the driving torque for rotational 82 

speeds up to 1500 RPM. Compared to oil-free compressors (Raykovskiy et al., 2024; Raykovskiy et al., 2023), 83 

oil-injected ones achieves high efficiency due to the cooling, lubricating and sealing effects (Valenti et al., 2013; 84 

Valenti et al., 2014). The existing research on oil-injected SVRCs mainly encompasses both theoretical analysis 85 

(Wang et al., 2021a; Wang et al., 2021b; Wen et al., 2024) and experimental approaches (Hu et al., 2022; Murgia 86 

et al., 2015; Park and Park, 2024). Although theoretical studies can reduce computational costs, they cannot capture 87 

the complex shapes of real equipment. Experimental studies provide more intuitive and accurate results but face 88 

limitations due to the nature of experiments, such as high costs, long duration and low resolution, which prevent 89 

comprehensive understanding of all factors. In oil-injected SVRCs, Bianchi and Cipollone (2015) studied the oil 90 

film thickness in the blade tip using both theoretical and experimental methods and revealed the influences of the 91 

compressor structure on the compressor efficiency. A Lagrangian theoretical model of oil injection technology was 92 

then used to evaluate the cooling effects of lubricants due to the high surface-to-volume ratio of oil droplets and 93 

predicted a reduction in indicated power (Bianchi et al., 2015). The model validation on a medium-sized SVRC 94 

equipped with a range of pressure-swirl atomizers showed that using an oil injection pressure of 7 bar reduced the 95 

energy consumption by nearly 20%.  96 

Limited Computational Fluid Dynamics (CFD) investigations are available on vane machines due to the 97 

challenge for representing the moving and deforming domain enclosed between rotor, stator and blades (Prasad, 98 



2004). Most of existing research relied on commercial meshing software for domain discretization. Lobsinger et 99 

al. (2020) employed TwinMesh™ to generate the computational mesh for a vane oil pump in automatic 100 

transmission systems of vehicles and performed the CFD simulations with ANSYS CFX. Murthy et al. (2024) 101 

developed special routines called User Defined Function (UDFs) which was written in C language to read node 102 

coordinate stored in data files and update the computational domain at each step of the simulation. Gu et al. (2021b) 103 

used a program including macros and UDFs to control the dynamic grids as well as the motions of different 104 

components. The initialization function was utilized to save the initial calculation angle and read the outer contour 105 

for user-defined shape. To avoid negative volume in the computational mesh, Rak et al. (2018) modified the 106 

geometry by reducing blade thickness and increasing tip clearance. Without using commercial software, Bianchi 107 

et al. (2017) developed a novel analytical grid generation method based on the User Defined Nodal Displacement 108 

(UDND) approach for vane machines, which employed algebraic techniques to perform transfinite interpolation, 109 

post-orthogonalization and smoothing for internal node distribution. Furthermore, Ye et al. (2021) proposed a fully 110 

analytical grid generation method suitable for a broader range of rotating blade machinery structures, including 111 

multiple working chambers, non-circular stators, offset blades and asymmetric tip profiles. 112 

Most of existing CFD research on vane machines mainly focused on single-phase flow conditions without 113 

consideration of lubricating oil (Błasiak et al., 2023; Gu et al., 2021a; Gu et al., 2021b; Montenegro et al., 2014), 114 

which may lead to inaccurate results. Gas-liquid two-phase flow in oil-injected SVRCs still poses a great challenge 115 

due to the complex geometry of the rotors, the very thin clearance gaps, high-density ratios between the gas and 116 

the oil and the smearing of the gas-oil interface when the compressible gas and the incompressible liquid exist in 117 

the same domain. Consequently, CFD research on the oil-gas two-phase flow in the oil-injected SVRCs is quite 118 

limited. Bianchi et al. (2016) carried out multiphase simulations on an oil-injected SVRC, which allowed to track 119 

a recirculation region in the chamber induced by the blade tip leakage flow. The convective heat transfer with air 120 

displayed the cooling effects of the oil. The rise in the oil temperature reduced its dynamic viscosity, leading to 121 

weaken the hydrodynamic potential which prevent dry contact between stator and blade tips. 122 

In terms of two-phase numerical model, the models used for oil-injected screw compressors can provide 123 

reference for the oil-injected SVRCs. Rane et al. (2016) carried out flow analysis in an oil-injected screw 124 

compressor based on a Eulerian – Eulerian model, which helped to visualize the internal oil distribution. Another 125 

study examined a standard oil-injected screw air compressor, which compared the Euler-Euler approach with the 126 



homogeneous model and achieved strong agreement with experimental data (Basha et al., 2018). The Euler-127 

Lagrange method could be an alternative, but it is not practical for oil-injected compressors due to the absence of 128 

initial data on oil droplet sizes and the oil volume fraction exceeds the 12% limit set by CFD vendors (Peng and 129 

Yan, 2023). Basha et al. (2019) compared three commonly used numerical models for oil-injected compressors: 130 

the Euler model, the Volume of Fluid (VOF) model and the Mixture model. The VOF model predicted power and 131 

flow rates closely matching experimental data and was 25% faster than the full Eulerian-Eulerian model. Therefore, 132 

the VOF model was selected for gas-liquid two-phase flow simulations on oil-injected SVRCs in this paper. 133 

To date, the existing research on oil-injected SVRCs is not able to reveal the oil-gas two-phase flow topology 134 

and how the oil injection parameters affect the compressor performance. Therefore, in this work, a numerical 135 

simulation model of SVRCs was established based on the analytical grid generation methodology proposed earlier 136 

by the authors. After validating the model with the experimental data in the literature, the evolution characteristics 137 

of the pressure, temperature and velocity fields as well as the oil distribution were revealed. Finally, the effects of 138 

oil injection parameters (oil to gas ratio, oil injection angle, oil injection temperature and rotational speed) on the 139 

compressor performance (volumetric efficiency, adiabatic efficiency, exhaust temperature and specific power) 140 

were identified. 141 

 142 

2. Numerical methodology 143 

2.1. Geometrical model 144 

The SVRC is a rotary positive displacement machine consists of a stationary stator, a rotating rotor and several 145 

blades. The number of the blades is equal to 7 in this work. Fig. 1 illustrates the schematic of a seven-blade SVRC 146 

with port positions. The stator and rotor are installed with an eccentric distance (e). The rotor has seven slots 147 

machined at equal angular intervals along the rotor side surface to host the blades. The blades slide along the slots 148 

towards the stator inner surface because of centrifugal force. The variable working chamber enclosed by the rotor, 149 

stator and blade is thus periodically formed as the rotor rotates along the centre, which performs the intake, 150 

compression and exhaust processes of the working medium. 151 

 152 



 153 

Fig. 1. Schematic of the SVRC section with port positions. 154 

 155 

The reference geometric parameters of the SVRC are displayed in Fig. 2 and listed in Table 1. Among them, 156 

the clearance gap between the blade tip and the stator is assumed to be constant at 50 µm based on previous 157 

research which studied vane machines of similar dimensions (Lobsinger et al., 2020; Zhang and Xu, 2014). The 158 

tangential clearance gap between the rotor and the stator, which can be determined according to the assembly size, 159 

is also fixed at 50 µm in this work. The axial length of the entire SVRC is 40 mm. The leakage occurs through the 160 

blade tip clearance and the tangential clearance, leading to a reduction in volumetric performance. 161 

 162 

 163 

Fig. 2. Geometrical parameters of the SVRC. 164 

 165 

 166 

 167 

 168 

 169 



Table 1 Geometrical parameters of SVRC. 170 

Quantity Value Unit 

Number of blades 7 - 

Stator radius/Rsta 68.0 mm 

Rotor radius/Rrot 55.5 mm 

Rotor axial length/Zaxi 40.0 mm 

Blade thickness/Thbla 4.7 mm 

Blade tip radius/Rbla 9.5 mm 

Blade tip clearance between stator and blade/Ctip 50 µm 

Tangential clearance between stator and rotor/Cgap 50 µm 

 171 

2.2. Computation domain and mesh model 172 

A crucial step for CFD simulations of SVRCs is to develop discretization algorithms of the rotating and 173 

deforming rotor fluid domain. An analytical grid generation methodology for rotary vane machinery developed in 174 

an earlier work by the authors was employed in this study. The detailed grid generation approach is reported in (Ye 175 

et al., 2021) and here briefly recalled. Fig. 3 displays the workflow of this analytical grid generation algorithm. 176 

MATLAB routines are used for this custom deforming mesh generation procedure. As illustrated in Fig. 3, all 177 

parameters for boundary generation, boundary discretization and node distribution of the rotor fluid domain are 178 

input for the first step. The inner and outer boundaries of the rotor profile are generated and discretized to form 179 

the rotor domain. It should be noted that a small geometrical simplification is introduced to convert the blade side 180 

wall into a short segment on the rotor surface when the blade slides inside the rotor, which does not influence the 181 

tip leakage flow as the leakage gap remains unchanged. After that, the mapping processes are performed between 182 

nodes from inner boundary to outer boundary. All mapping lines are then equidistantly divided into radial divisions 183 

respectively for interior node distribution, resulting in an “O” structure for the rotor mesh. This mesh topology 184 

structure contributes to improve accuracies in the non-matching mesh connection between the blade tip region and 185 

the core region. At the initial position, the two-dimensional mesh is generated and then assembled into the 186 

corresponding three-dimensional mesh which is read by the ANSYS FLUENT solver. A grid database including 187 

the three-dimensional node coordinates of the rotor mesh at all time steps is generated through the proposed 188 

analytical grid generation procedure. To interface the FLUENT solver with customized grids, a UDF is developed 189 

to read node coordinates saved in the grid database and subsequently update the mesh at every time step. Finally, 190 

the port domain is connected to the rotor domain by a nonconformal interface. 191 

 192 



 193 

Fig. 3. Analytical grid generation workflow for the rotor fluid domain. 194 

 195 

The computational domain consists of the core region and three ports (the intake port, the exhaust port and 196 

the oil injection port). The core region mesh is generated using the aforementioned analytical grid generation 197 

method, while the port sections are discretized by the meshing tool available in the ANSYS software suite. The 198 

computational mesh of the rotor and port fluid domains is showed in Fig. 4. It should be noted that the inflation 199 

layers are not take into consideration in this work since the mainstream flow rather than the boundary layer falls 200 

into our interest. In addition, neglecting the inflation layers helps to reduce the mesh count and consequently 201 

decrease the computation time. The O-Grid topology in the rotors means that there are same number of radial cells 202 

in the core as well as the leakage gaps. The blade side walls are parallel surfaces to form a convex connection with 203 

the blade tips, and this convexity increases the difficulty of mesh generating due to the fact that the aspect ratio 204 

between the tip gap and the core varies by many orders of magnitude, which affects the stability of the solver. 205 
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 207 

Fig. 4. Computational mesh of rotor and port fluid domains. 208 

 209 

2.3. Mathematical calculation model 210 

2.3.1. Assumptions 211 

The CFD simulations on the SVRC involve complex physical processes such as turbulence and multiphase 212 

flow. To ensure data accuracy while reducing model complexity and computational costs, a set of assumptions 213 

were employed to improve computational efficiency. In terms of the geometry, the clearances between the blade 214 

tip and stator inner surface remain unchanged along a full vane revolution. This is a trade-off between the ideal 215 

geometrical tangency and actual working conditions, while the blade tip slides along a fluid layer preventing dry 216 

contact with the stator (Bianchi et al., 2017). The constant tip clearance assumption avoids the solving of the 217 

instantaneous minimum liquid film thickness in the blade tip which would require either simplified hydrodynamic 218 

methods or the complex fluid-structure calculations.  219 

Assumptions were also introduced into the physical properties of air and oil to simplify the calculation process. 220 

Both oil and air are Newtonian immiscible fluids, leading to no mass transfer between them. Air is regard as an 221 

ideal gas since the pressure values are within only a few bars. The lubrication oil is treated as a continuous 222 

incompressible fluid and has constant thermophysical properties in terms of density, specific heat capacity, 223 

dynamic viscosity and thermal conductivity. This simplification allowed authors to discard the resulting 224 

complexity of calculating the mentioned temperature-dependent properties. Indeed, the temperature at the intake 225 

and outlet are around 25 ℃ and 65 ℃ respectively. The comparison of the main thermophysical properties of oil 226 

at 25 ℃ and 65 ℃ is presented in Table 2, from which it can be concluded that the density, specific heat capacity, 227 

dynamic viscosity and thermal conductivity do not change significantly with the temperature from 25 ℃ to 65 ℃. 228 



Therefore, the mentioned thermophysical properties at the temperature of 45 ℃ are used for simulations in this 229 

study. Also, there is no heat transfer between the working fluids and the compressor body. 230 

 231 

Table 2 Variation of oil thermophysical properties with temperature. 232 

Variables 25℃ 45℃ 65℃ 

Density ρ [kg/m3)] 962 950 938 

Specific heat cp [J/(kg·K)] 2160 2250 2395 

Viscosity μ [Pa·s] 0.0097 0.0090 0.0078 

Thermal conductivity λ [W/(m·K)] 0.152 0.145 0.134 

 233 

2.3.2. Multiphase Model 234 

The oil undergoes topological changes after being injected into the SVRC. It accelerates within the clearance 235 

gaps transitioning from continuous flow to dispersed flow. For complex cases like oil-injected SVRCs, it is not 236 

feasible to calculate these topological changes using a single macroscale model. The VOF model is used for gas-237 

liquid two-phase numerical simulations in this work. This model assumes that both air and oil are Newtonian 238 

immiscible fluids. The immiscible assumption is applicable here because the oil and air are usually immiscible in 239 

typical oil-injected air compressors. The physical properties of the system, such as density, is controlled by the 240 

volume fraction: 241 

 𝜌 = 𝛼𝑙𝜌𝑙 + 𝛼𝑔𝜌𝑔 (1) 242 

where 𝜌 , 𝜌𝑙  and 𝜌𝑔  are densities of mixed phase, liquid phase and gas phase respectively, 𝛼𝑙   and 𝛼𝑔  are 243 

volume fraction of liquid phase and gas phase respectively. 244 

The volume distribution of gas and liquid phase in the flow field can be determined by the constraint: 245 

 𝛼𝑔 + 𝛼𝑙 = 1 (2) 246 

These flow variables are then employed in a single set of governing equations for continuity, momentum and 247 

energy as follows (ANSYS, 2017): 248 

Continuity: 249 

 
𝜕𝜌

𝜕𝑡
+ ∇. (𝜌 𝑣⃗) = 0 (3) 250 

where t is time, 𝑣 is velocity. 251 

Momentum: 252 



 
𝜕

𝜕𝑡
(𝜌 𝑣⃗) + ∇. (𝜌 𝑣⃗ 𝑣⃗) = −∇p + ∇. [𝜇(∇𝑣⃗ + ∇𝑣⃗𝑇)] + 𝜌𝐺⃗ + 𝐹⃗ (4) 253 

where 𝜇  is viscosity, G is gravity term. F is body force. The terms on left-hand side of Eq. (4) describe the 254 

transient and convection terms, while the pressure gradient, stress–strain, gravity and external body forces are 255 

located on the right-hand side. 256 

Energy: 257 

 
𝜕

𝜕𝑡
∑ (𝛼𝑙𝜌𝑙ℎ𝑙) + ∇. [𝛼𝑙(𝜌𝑙𝑣𝑙⃗⃗⃗⃗ ℎ𝑙 − δ∇𝑇)] =𝑛

𝑘=1 0 (5) 258 

 
𝜕

𝜕𝑡
∑ (𝛼𝑔𝜌𝑔ℎ𝑔) + ∇. [𝛼𝑔(𝜌𝑔𝑣𝑔⃗⃗⃗⃗⃗ℎ𝑔 − δ∇𝑇)] =𝑛

𝑘=1 0 (6) 259 

where ℎ𝑙 and ℎ𝑔 are enthalpy of liquid phase and gas phase respectively, 𝑣𝑙  and 𝑣𝑔 are velocities of liquid 260 

phase and gas phase respectively, T is temperature. 261 

 262 

2.4. Simulation setup 263 

The ANSYS FLUENT solver was used for CFD simulations of the SVRC. The solver settings are detailly 264 

displayed in Table 3. Among them, the SST k-ω turbulence model and VOF multiphase model are employed in 265 

this work. As for the convergence standard, the residual value for energy is 10-6, while the ones for other variables 266 

is 10-3. The angular step size is set as 0.25° per time step, thus a full revolution cycle is represented by 1440 angular 267 

grid positions. With the rotational speed of 1000 RPM, the time step size is 4.167×10-5 s in the solver. Calculation 268 

of four revolutions were carried out, leading to a periodic solution in 5760 time steps. The working fluids are air 269 

and lubricating oil whose properties are showed in Table 4. The reference operational conditions of the SVRC are 270 

listed in Table 5 and used as boundary conditions for the rest of this study. Among them, a constant temperature 271 

and pressure boundary condition is set for the intake port, while a constant pressure boundary condition is for the 272 

exhaust port. As for the oil injection, at a specified angle position of the rotor in the compression process, oil is 273 

injected into the compressor cells through three calibrated orifices displaced along the axial direction of the 274 

compressor and fed by a common rail. The operating conditions that were considered as benchmark for the 275 

numerical results were 1000 RPM as revolution speed, 6.6 bar as oil injection pressure, 338.2 K as oil injection 276 

temperature and 0.14 kg/s as oil injection mass flow rate. And the selection of the oil injection pressure is the same 277 

with our previous experimental work (Bianchi et al., 2016). 278 

 279 

 280 



 281 

Table 3 Detailed settings for ANSYS FLUENT solver. 282 

Criteria Specification Setting or value 

Solver type Pressure-based – 

Turbulence model SST k-ω  – 

Multiphase model Volume of Fluid Volume Fraction Parameters 

Formulation: Explicit 

Volume Fraction Cutoff: 1×10-6 

Courant Number: 0.25 

Interface modelling type: Sharp 

Solution methods Pressure-velocity coupling Coupled 

Control volume gradients Green-gauss Node Based 

Spatial discretization Pressure: PRESTO! 

Density: First order upwind 

Momentum: First order upwind 

Volume fraction: First order upwind 

Turbulent kinetic energy: First order upwind 

Specific dissipation rate: First order upwind 

Transient formulation First order implicit 

Solution controls Explicit relaxation factors 0.1 

 Under-relaxation factors 0.1 

 Convergence criteria Energy: 1×10-6 

Others: 1×10-3 

 Angular step size 0.25° 

 Number of time steps 5760 

 Max iterations per time step 500 

 283 

Table 4 Physical and thermal properties of air and oil phase. 284 

Property Air Oil 

Fluid type Ideal gas Constant ρ 950 kg/m3 

Specific heat cp [J/(kg·K)] 1004.4 2250 

Viscosity υ [Pa·s] 1.7894×10-5 0.009 

Thermal conductivity λ [W/(m·K)] 2.61×10-2 0.145 

 285 

 286 

 287 

 288 



Table 5 Operational parameters (reference state). 289 

Quantity Value Unit 

Rotational speed/n 1000 RPM 

Intake temperature/Tin 298.6 K 

Intake pressure/pin 1.01 Bar 

Exhaust pressure/ pout 8.7 Bar 

Oil injection temperature/Tinj 338.2 K 

Oil injection pressure/pinj 6.6 Bar 

Oil injection mass flow rate/minj 0.14 kg/s 

 290 

A grid independence verification was carried out on the reference case of the SVRC. Three different sizes of 291 

the rotor domain mesh were considered for comparison, as shown in Table 6. The relative difference of the air 292 

mass flow rates, exhaust temperature and shaft power between the medium mesh and the fine mesh were 0.31%, 293 

0.15% and 0.28% respectively. Therefore, taking both simulation accuracy and computational time into account, 294 

a rotor domain mesh of about 150,000 cells was employed for all CFD simulation cases. All simulations were 295 

carried out with reference to the same port meshes whose cell count was equal to 151,232. With regards to 296 

computational resources, all CFD cases ran on a PC with AMD Ryzen 9 7950X CPU at 4.50 GHz. Fourteen cores 297 

of the CPU were used while the RAM usage was 12.0 GB. The parallel simulations solved in double precision 298 

required about 40 h to accomplish four full revolutions of the SVRC. 299 

 300 

Table 6 Results of mesh independence test. 301 

Item Coarse mesh Medium mesh Fine mesh 

Cell count of rotor domain 109689 151232 182592 

Air mass flow rate (kg/s) 7.2265×10-3 7.2150×10-3 7.1923×10-3 

Relative deviation of air mass flow rate (%) -0.16 – +0.31 

Exhaust temperature (K) 338.42 337.39 336.89 

Relative deviation of exhaust temperature (%) -0.30 – +0.15 

Shaft power (kW) 3.57 3.55 3.54 

Relative deviation of shaft power (%) -0.56 – +0.28 

 302 

2.5. Method validation 303 

To validate the CFD simulation model of the SVRC, the numerical results have been compared with the 304 

corresponding experimental data (Bianchi et al., 2015), as showed in Fig. 5 and Table 7. Three piezo-resistive 305 



pressure transduces were employed to measure the cell pressure in the experiment, while in the present simulations 306 

a series of monitoring points were set to obtain the internal pressure value. Fig. 5 displays the comparison of the 307 

cell pressure trace against the cell volume between in the simulation and the experiment. Within the testing range, 308 

the maximum error between simulated and experimental pressure values was within 5.0%. The air mass flow rate, 309 

exhaust temperature, shaft power and indicated power were also obtained in simulations for comparison with the 310 

experimental data, as illustrated in Table 7. The errors between simulated and experimental values of the air mass 311 

flow rate, exhaust temperature, shaft power and indicated power were 4.2%, 2.7%, 3.8% and 6.3% respectively. 312 

The errors between the simulated results and experimental data could be the absence of the axial leakage gap in 313 

the model. Therefore, this outcome allows to retain the quantitative validation of the numerical CFD model 314 

developed in this study as satisfactory.  315 

 316 

  317 

Fig. 5. Comparison of pressure trace between in the experimental data and in the simulated result. 318 

 319 

Table 7 Comparison of experimental and simulation results. 320 

Items Experimental data 

(Bianchi et al., 2015) 

Simulated result in this 

work 

Relative error 

Air mass flow rate (kg/s) 0.069 0.072 4.2% 

Exhaust temperature (K) 361.85 352.46 2.7% 

Shaft power (kW) 23.10 24.00 3.8% 

Indicated power (kW) 20.9 19.6 6.3% 

 321 



3. Flow analysis and discussion of the results 322 

The flow topology including pressure, velocity and temperature fields as well as the oil distribution are 323 

visualized in this section. The evolution properties of the instantaneous mass flow rates at the intake and exhaust 324 

ports, the rotor torque and the cell pressure are then analyzed. Also, the compressor performance was evaluated by 325 

volumetric efficiency, adiabatic efficiency, exhaust temperature and specific power. 326 

 327 

3.1. Internal flow characteristics 328 

3.1.1. Pressure field 329 

The seven-blade configuration remains unchanged for all simulation cases, leading to an angular spacing of 330 

approximately 51.4° per cycle. Fig. 6 illustrates the pressure contours at mid-length cross section over one cycle. 331 

The pressure in the three ports remains uniform, while the pressure in the core presents a large gradient. The air is 332 

fed to the compressor at a pressure of 1.01 bar through the intake port ranging from 30° to 160°. After that, the air 333 

is continuously compressed with the rotor revolution, leading to a gradual rise in the cell pressure. The oil injection 334 

port is positioned at 228° whose intake pressure remains constant at 6.6 bar. As the rotor rotates, the pressure at 335 

the injection port fluctuates because the pressure of the chamber connected to the oil injection port changes with 336 

time. When a blade slides along the injection port, the pressure at the port rises sharply and even exceeds the 337 

injection pressure. This is due to the small blade tip clearance, leading to intense compression of the fluid at the 338 

injection port. After the blade passes through the injection port, the oil flows smoothly into the chamber and the 339 

pressure at the injection port gradually returns to normal values. Before the chamber is connected to the exhaust 340 

port, the pressure reaches its maximum value slightly above 8.7 bar. This indicates that there is a certain over-341 

compression of the working medium. During the exhaust stage from 325° to 355°, the chamber pressure tends to 342 

be consistent with the exhaust pressure. The pressure distribution at the tangential clearance clearly shows the 343 

effective sealing of the high-pressure exhaust port from the intake port. 344 

 345 



 346 

Fig. 6. Variation of pressure field with rotational angle. 347 

 348 

3.1.2. Oil distribution 349 

Fig. 7 shows the variation in oil phase distribution over one cycle. Lubricant oil radially flows into the 350 

chamber at 228° and mixes with air for cooling. The oil spreads along the leading side of the blade and tends to 351 

accumulate on the walls of the rotor grids, i.e., on the stator inner surface, rotor outer surface, blade side surface 352 

due to the high viscosity of the oil. This local accumulation of the oil hinders the mixing between oil and air, and 353 

thus affect the cooling of the oil to the air. After the oil accumulates at the leading edge of the blade with the rotor 354 

revolution, it flows into the gaps between the blade tip and stator, which helps to prevent the air leakage between 355 

adjacent chambers and consequently ensure reliable internal sealing performance. Additionally, the oil 356 

accumulation at the clearance gaps helps to enhance the lubrication between relative moving surfaces, i.e., between 357 

the blade tip and the stator inner wall. As the blade passes through the injection port, the narrow blade tip clearance 358 

limits the entry of the oil, leading to a decrease of the oil flow rate, as shown in the bottom left of the in Fig. 7(b). 359 

The mixing between the oil and the air tends to be more uniform at the exhaust stage, leading to a good cooling 360 

performance. Finally, most of the oil is discharged from the exhaust port, while the remaining small part leaks into 361 

the next cycle through the tangential clearance gap. 362 

 363 



 364 

Fig. 7. Variation of oil volume fraction with rotational angle. 365 

 366 

The distribution of the oil phase in the blade tip clearance significantly affects local leakage and lubrication. 367 

Fig.8 shows the oil distribution in the blade tip clearance varying with rotational angles. A low oil phase volume 368 

fraction near the blade tip is present at 30°, which is due to the fact that the oil-gas mixture leaks from the exhaust 369 

to the intake through the tangential clearance gap. At 60°, 90°, 120° and 150°, as the blade passes through the 370 

intake region and does not form a blade tip gap, almost no oil accumulation is observed in the blade tip. While at 371 

180° and 210°, the formation of the blade tip clearance results in oil accumulation due to the viscosity difference 372 

between the oil and the air, leading to effective sealing. After the oil is injected into the chamber at 228°, it spreads 373 

into the inner surface of the rotor and accumulates here, leading to lower oil volume fraction in the blade tip at 374 

240°, as shown in Fig. 8(h). As the blade rotates, oil accumulates at the blade leading edge and flows towards the 375 

blade tip, resulting in significant oil accumulation in the blade tip gap at angles of 270° and 300°. As a result, the 376 

oil is filled with the blade tip clearance and a good sealing performance is achieved. The blade tip clearance 377 

disappears at 330° in the exhaust stage, thus the oil volume fraction decreases near the blade tip. At 360°, a 378 

significant oil phase distribution is observed in the tangential clearance region, which helps to reduce the tangential 379 

leakage of the air. 380 

 381 



 382 

Fig. 8. Oil phase distribution in the blade tip region. 383 

 384 

3.1.3. Temperature field 385 

Fig. 9 illustrates the temperature variation within a cycle. During the intake process, the air at a temperature 386 

of 298.6 K flows into the compressor chamber through the intake port. The volume of the chamber decreases as 387 

the compression proceeds, converting mechanical energy into the internal energy of the air and thus raising the 388 

temperature of the air. At 228°, the oil flows into the chamber through the injection port for the cooling of the air, 389 

leading to a decrease of the temperature. It can be seen from Fig. 9 that the temperature distribution of the chamber 390 

is not uniform during the compression stage. The temperature in the leading side of the blade is lower than that in 391 

the core due to the accumulation of oil in the leading side of the blade. The chamber volume reaches its minimum 392 

at the end of the compression stage, leading to the appearance of the high temperature region. The maximum 393 

temperature in the chamber is even above 500 K, as showed in Figs. 9(f) and 9(i). After that, the oil and air mix 394 

evenly at the exhaust port, leading to more uniform temperature filed. High-temperature air at the exhaust port 395 

leaks through the tangential clearance into the intake port, which results in a slight increase in the temperature at 396 



the intake port for the next cycle. 397 

 398 

 399 

Fig. 9. Variation of temperature field with rotational angle. 400 

 401 

3.1.4. Velocity field 402 

Fig. 10 displays the velocity contour with superimposed streamlines. As the fluid flows into or out of the 403 

chamber, the sudden change in the cross-sectional area leads to unsteady flow characteristics and the formation of 404 

multiple complex vortex structures. While in the straight pipe section of the intake and exhaust ports, the flow 405 

field is relatively uniform. During the compression stage, the blade tip clearance induces a backflow driven by a 406 

reverse pressure gradient which is opposite to the counterclockwise rotational speed. The leakage flow in the blade 407 

tip causes a recirculation region in the downstream chamber, as shown at the bottom left in Fig. 10(d). It can be 408 

seen from Figs. 10(e)-(g) that the recirculation region evolves from one to two influenced by the oil injection flow. 409 

This phenomenon contributes to enhance the heat transfer between the compressing air and the oil that, after the 410 

radial injection, spreads along the leading side of the blade and mixes with air. 411 

 412 



 413 

Fig. 10. Variation of velocity with rotational angle. 414 

 415 

3.2. Compressor performance analysis 416 

Fig. 11 shows the angular evolution process of the instantaneous mass flow rate, the rotor torque and the 417 

average cell pressure of the SVRC. As showed in Fig. 11(a), the mass flow rates at the intake port remain stable at 418 

positive values, while the ones at the exhaust port fluctuates significantly throughout the cycle. The mass flow rate 419 

at the exhaust port increases sharply from negative to positive values before reaching its maximum at 10°, 420 

indicating the occurrence of backflow. It subsequently falls back to negative values, followed by a slight oscillation, 421 

at which point the backflow disappears. The amplitude of the rotor torque increases due to the backflow 422 

phenomenon and then falls bake to near the initial value after the backflow disappears, as illustrated in Fig. 11(b). 423 

As displayed in Fig. 11(c), the average pressure of the chamber remains stable throughout the intake stage and 424 

then increases exponentially during the compression stage. At the end of the compression stage, the average cell 425 

pressure reaches a maximum of approximately 9.5 bar which is higher than the set pressure at the exhaust port, 426 

indicating the presence of over-compression in the chamber. When the chamber connects to the exhaust port, the 427 

cell pressure value decreases slightly to the exhaust pressure. Some fluctuations can be then noticed due to the 428 

small geometrical simplification of the blade side walls according to the analytical grid generation method (Ye et 429 

al., 2021). 430 



 431 

Fig. 11. Angular evolution of (a) inlet and outlet mass flow rates, (b) rotor torque, (c) average cell pressure. 432 

 433 

In this work, the volumetric efficiency, the adiabatic efficiency, the exhaust temperature and the specific 434 

power are utilized to evaluate the performance of the SVRC. The volumetric efficiency is defined as the ratio of 435 

the measured mass flow rate to the theoretical one of the compressor, where the measured mass flow rate refers to 436 



the simulated result here. The adiabatic efficiency is defined as the ratio of the theoretical work based on the ideal 437 

adiabatic compression process (hereinafter referred to as adiabatic work) to the actual work consumed by the 438 

compressor, where the actual work refers to the simulated result here. And the specific power is defined as the 439 

power consumption per unit volumetric flow rate, where the power consumption refers to the simulated result here. 440 

According the above definitions, Eqs. (7)-(11) are used to obtain the volumetric efficiency, the adiabatic efficiency 441 

and the specific power. According to the simulated results of the reference case, the SVRC achieves the volumetric 442 

efficiency of 95.1%, the adiabatic efficiency of 60.3%, the exhaust temperature of 337.4 K and the specific power 443 

of 9.86 kW/(m3·min-1). 444 

 𝜂𝑣𝑜𝑙 =
𝑄𝑣𝑜𝑙

𝑄𝑡ℎ
 (7) 445 

 𝜂𝑎𝑑 =
𝑊𝑎𝑑

𝑊𝑐𝑜𝑚𝑝
 (8) 446 

 𝑊𝑎𝑑 =
𝛾−1

𝛾
𝑝𝑖𝑛 ∙ 60 ∙ 𝑄𝑣 [(

𝑝𝑜𝑢𝑡

𝑝𝑖𝑛
)

𝛾−1

𝛾
− 1] (9) 447 

 𝑊𝑐𝑜𝑚𝑝 =
τ×𝑛

60
 (10) 448 

 𝑃𝑠𝑝𝑒 =
𝑊𝑐𝑜𝑚𝑝

𝑄𝑣𝑜𝑙
 (11) 449 

where 𝜂𝑣𝑜𝑙 is volumetric efficiency, 𝜂𝑎𝑑 is adiabatic efficiency, 𝑊𝑎𝑑 is adiabatic work, 𝑊𝑐𝑜𝑚𝑝 is actual work, 450 

𝑃𝑠𝑝𝑒  is specific power, 𝛾  is specific heat ratio of air, 𝑝𝑖   is intake pressure, 𝑝𝑜  is exhaust pressure, 𝑄𝑣𝑜𝑙   is 451 

volumetric flow rate, τ is torque, n is rotational speed, 𝑄𝑡ℎ is theoretical volumetric flow rate. 452 

 453 

3.3. Comparison with market compressor 454 

The specific power and adiabatic efficiency are two representative indexes to evaluate the compressor 455 

performance. A comparison of specific power varying with compression ratio between in existing technology 456 

(Vittorini et al., 2015) and in this work is shown in Fig. 12. It can be seen from Fig. 12 that both air cooled 457 

premium compressors in existing technology and the oil-injected compressors in this work wholly increases 458 

with the compression ratio. However, the specific power obtained in this work is higher than that in market 459 

compressors. One reason is that oil jet form instead of oil spray form is used for air cooling in this work, 460 

leading to higher power consumption. Another reason is the differences in cooling methods. Specifically, air 461 

cooled approach belongs to external cooling type, while oil-injected method is an internal cooling type. As a 462 

whole, the variation trend of the specific power as a function of the compression ratio is consistent, which 463 



further validate the reliability of the present study. 464 

 465 

 466 

Fig. 12. Specific power varying with compression ratio. 467 

 468 

The isentropic efficiency of market compressors is reported as a function of air flow rate (log scale) (Vittorini 469 

and Cipollone, 2016a), as shown Fig. 13. This isentropic efficiency refers to the average value of class SVRCs 470 

measured with delivery pressure of 9 bar. It can be observed from Fig. 13 that the isentropic efficiency of market 471 

compressors increases with air flow rate, and a fitted line is obtained. Although the air flow rate of the reference 472 

case in this work is smaller than that of market compressors reported in Ref. (Vittorini and Cipollone, 2016a), the 473 

isentropic efficiency obtained in this work aligns well with the fitted line. This indicates that the efficiency 474 

predicted in the present study is consistent with real data of market compressors. 475 

 476 

 477 



Fig. 13. Isentropic efficiency varying with air flow rate. 478 

 479 

4. Effects of oil injection parameters on compressor performance 480 

The oil injected into the chamber of the SVRC significantly affects its performance. In this section, the effects 481 

of the oil to gas mass ratio, oil injection angle, oil injection temperature and rotational speed on the volumetric 482 

efficiency, adiabatic efficiency, exhaust temperature and specific power are investigated. 483 

 484 

4.1. Effects of oil to gas ratio 485 

Five simulation cases with different oil to gas mass ratios (5, 10, 15, 20 and 25) have been carried out to 486 

identify the influences on the performance of the SVRC. Fig. 14 illustrates the effects of the ratio on the volumetric 487 

efficiency, the adiabatic efficiency, the exhaust temperature and the specific power. It can be seen from the blue 488 

line that the volumetric efficiency markedly increases from 90.1% to 97.2% with the ratio from 5 to 25. This is 489 

because higher ratio results in a greater amount of oil in the blade tip clearance during the compression stage, 490 

leading to lower leakage between adjacent chambers. As shown in the pink line, the adiabatic efficiency increases 491 

with the ratio from 5 to 15 and then decreases with the ratio from 15 to 25. This is because higher ratio increases 492 

the adiabatic work due to the improved sealing effect and the actual work due to the more power required to hander 493 

the additional oil at the same time. Due to the effects of the ratio on both the adiabatic work and the actual work, 494 

the adiabatic efficiency reaches its peak around 61.9% at the ratio of 15. It is expected that increasing the ratio 495 

allows to enhance the heat transfer between the air and the oil, leading to lower exhaust temperature. Actually, the 496 

exhaust temperature decreases with the ratio from 5 to 20 and then shows a slight increasing trend with the ratio 497 

from 20 to 25, as indicated by the black line. The suitable ratios (e.g., 15 or 20) allow effective cooling for the air 498 

since the specific heat capacity of oil is much higher than that of air, while the larger ratio (25) may be detrimental 499 

to the mixing between the oil and the air. It can be seen from the red line that the specific power defined by the 500 

ratio of the adiabatic work to the actual work decreases from 10.06 to 9.59 kW/(m3·min-1) with the ratio from 5 to 501 

10 and then increases from 9.59 to 9.94 kW/(m3·min-1) with the ratio from 10 to 25. Higher ratio helps to improve 502 

sealing effect and thus increases the air volumetric capacity, while more oil increases the actual work consumption. 503 

Due to the influences of the ratio on both the air volumetric capacity and the actual work, the specific work reaches 504 

its bottom about 9.59 kW/(m3·min-1) at the ratio of 10. Comprehensively considering the effects of the oil to gas 505 



ratio on the compressor performance, the choice of 10 is appropriate for the ratio of the present SVRC. 506 

 507 

 508 

Fig. 14. Influences of oil to gas ratio on compressor performance. 509 

 510 

4.2. Effects of oil injection angle 511 

The oil injection angle is a vital parameter that influence the compressor performance. Fig. 15 displays the 512 

effects of the injection angle on the volumetric efficiency, the adiabatic efficiency, the exhaust temperature and the 513 

specific power. It can be seen from the blue line that the volumetric efficiency slightly decreases with the injection 514 

angle from 220° to 228° and then sharply increases with the injection angle from 228° to 236°, reaching its bottom 515 

(95.2%) at the angle of 228°. With smaller injection angles, the oil is injected into the chamber earlier at the 516 

compression stage, which helps to extend the time for the oil sealing in the blade tip and thus improve the 517 

volumetric efficiency. While with larger injection angles, more oil is distributed in the blade tip clearance at the 518 

later compression stage where serious blade tip leakage occurs due to the high pressure difference between adjacent 519 

chambers. Consequently, increasing the injection angle from 228° to 236° leads to a notable improvement in the 520 

volumetric efficiency from 95.2% to 97.7%. About 8º shift in oil injection angle (from 228° to 236°) resulted in 521 

2.5% gain in volumetric efficiency. The adiabatic efficiency reported by the pink line slightly increases with the 522 

angle from 220° to 236°. This is due to the fact that delaying the angle reduces the residence time of the oil in the 523 

compression stage, which helps to decrease actual power consumption and thus increase adiabatic efficiency. The 524 

exhaust temperature reported by the black line remains almost unchanged as the angle increases from 220° to 236°. 525 

This is because changing the injection angle has little effect on the state of the oil which is still effectively mixed 526 



with the air to achieve good cooling performance. As can be seen from the red line, the specific power increases 527 

from 9.69 to 9.86 kW/(m3·min-1) with the injection angle from 220° to 228° and then decreases from 9.86 to 9.46 528 

kW/(m3·min-1) with the injection angle from 228° to 236°. The variation trend of specific power is just opposite 529 

to that of volumetric efficiency. About 8º shift in oil injection angle (from 228° to 236°) leads to 4.2% decrease in 530 

specific power. Comprehensively considering the effects of the oil injection angle, a delayed angle benefits overall 531 

compressor performance. Within the range of the calculations in this paper, an angle of 236° is recommended. 532 

 533 

 534 

Fig. 15. Influences of oil injection angle on compressor performance. 535 

 536 

4.3. Effects of oil injection temperature 537 

Fig. 16 describes the influences of the oil injection temperature on the adiabatic efficiency, the volumetric 538 

efficiency, the exhaust temperature and the specific power. Both the volumetric efficiency (reported in the blue 539 

line) and the adiabatic efficiency (reported in the pink line) decrease with the oil injection temperature, while the 540 

exhaust temperature (reported by black line) and the shaft power (reported in the red line) increases with the oil 541 

injection temperature. Higher oil injection temperature decreases the temperature difference between the oil and 542 

the air, which reduces the cooling ability of the oil to the air and consequently increase the exhaust temperature. 543 

The rise of temperature in the chamber results in higher pressure values as well as high pressure difference. The 544 

reduction of the volumetric efficiency is attributed to the increasing leakage in the blade tip clearance due to higher 545 

pressure difference. High oil temperature decreases the adiabatic work due to the weakened sealing effect, leading 546 

to a reduction of the adiabatic efficiency. And higher oil temperature decreases the air volumetric capacity, resulting 547 



in an increase of the specific power. From the above results, reducing oil temperature helps to significantly improve 548 

the compressor performance. However, the oil temperature cannot be reduced without limit since oil is recycled 549 

in compressed air systems. 550 

 551 

 552 

Fig. 16. Influences of oil temperature on compressor performance. 553 

 554 

4.4. Effects of rotational speed 555 

Fig. 17 demonstrates the impact of rotational speed on the volumetric efficiency, adiabatic efficiency, exhaust 556 

temperature and specific power. It can be seen from the blue line that the volumetric efficiency continuously 557 

decreases from 95.2% to 89.4% with the rotational speed from 1000 to 3000 RPM. This is because the supply of 558 

lubricating oil becomes more insufficient with the increase of the rotational speed, resulting in serious leakage in 559 

the blade tip during the compression stage. Higher leakage at higher rotational speed results in lower adiabatic 560 

work. Thus, the adiabatic efficiency (reported by the pink line) declines with the rotational speed. In terms of the 561 

exhaust temperature (reported by the black line), as the rotational speed increases from 1000 to 2000 RPM, the 562 

decreasing residence time for the gas cooling leads to an increase in the exhaust temperature from 337.4 to 340.5 563 

K; while as the rotational speed increases from 2000 to 3000 RPM, the increasing leakage may result in incomplete 564 

compression of part of gas, leading to a slight decrease in the exhaust temperature from 340.5 to 338.8 K. The 565 

specific power (reported by the red line) increases from 9.46 to 15.89 kW/(m3·min-1) with the rotational speed 566 

from 1000 to 3000 RPM. This is because the shaft power almost linearly increases with the rotational speed, while 567 

the air volumetric capacity slowly increases with the rotational speed. Based on the above analysis, the lubricating 568 



oil supply is insufficient under the high rotational speed condition, which leads to the reduction of compressor 569 

performance. Therefore, the mass flow rate of circulating lubricating oil should be increased accordingly to the 570 

increasing rotational speed. 571 

 572 

 573 

Fig. 17. Influences of rotational speed on compressor performance. 574 

 575 

5. Conclusions 576 

This study carried out CFD investigations on an oil-injected sliding vane rotary air compressor. The oil-gas 577 

two-phase flow characteristics and the effects of the oil injection parameters on the compressor performance have 578 

been obtained. The oil injected into the chamber accumulates at the blade leading edge and then flows into the 579 

blade tip clearance, which helps to reduce the blade tip leakage and enhance lubrication between moving surfaces. 580 

The mixing between the oil and the air tends to be more uniform as the compression process proceeds, leading to 581 

the cooling effect of the oil to the air. The mass flow rate at the intake port is uniform, while the one at the exhaust 582 

port presents backflow which leads to torque fluctuations. The cell pressure trace shows a slight over compression 583 

phenomenon at the end of the compression stage and the minor pressure fluctuations at the exhaust stage. For the 584 

reference case, the compressor achieves the volumetric efficiency of 95.1%, the adiabatic efficiency of 60.3%, the 585 

exhaust temperature of 337.4 K and the specific power of 9.86 kW/(m3·min-1). 586 

Increasing oil to gas ratio from 5 to 25 helps to improve volumetric efficiency and reduce exhaust temperature, 587 

while the adiabatic efficiency reaches its peak at the ratio of 15, and the specific power reaches its bottom at the 588 

ratio of 10. The ratio of 10 is selected for the present work. An increase in the oil injection angle from 220° to 236° 589 



helps to improve the adiabatic efficiency and has little effect on exhaust temperature. About 8º shift in oil injection 590 

angle (from 228° to 236°) resulted in 2.5% gain in volumetric efficiency and 4.2% decrease in specific power. 591 

From the results, an injection angle of 236° is recommended to improve compressor performance. Both the 592 

volumetric and adiabatic efficiencies decrease with the oil injection temperature from 318.2 to 358.2 K, while the 593 

exhaust temperature and the specific power increases with the oil injection temperature. The oil temperature should 594 

be kept as low as possible within the allowable operating conditions of compressed air systems. As a whole, the 595 

oil to gas mass ratio has higher sensitivity than the oil injection angle or temperature. Increasing the rotational 596 

speed from 1000 to 3000 RPM leads to a decrease in both the volumetric and adiabatic efficiencies and an increase 597 

in the specific power, and the exhaust temperature reaches its peak at the rotational speed of 2000 RPM. The 598 

lubricating oil capacity should be increased accordingly to the increasing rotational speed. 599 

 600 

CrediT author statement 601 

Yuande Dai: Methodology, Software, Formal analysis, Writing-original draft, Visualisation; Huiyang Zhu: 602 

Methodology, Software, Formal analysis, Writing-original draft, Visualisation; Giuseppe Bianchi: Formal 603 

analysis, Writing-review and editing, Supervision; Sham Rane: Methodology, Software, Formal analysis, 604 

Writing-review and editing, Supervision; Fanghua Ye: Conceptualisation, Methodology, Software, Formal 605 

analysis, Writing-original draft, Writing-review and editing, Supervision, Funding acquisition, Project 606 

administration. 607 

 608 

Declaration of interest statement 609 

The authors declare that they have no known competing financial interests or personal relationships that 610 

could have appeared to influence the work reported in this paper. 611 

 612 

Acknowledgement 613 

The authors acknowledge the support from Jiangxi Provincial Natural Science Foundation (Grant No. 614 

20242BAB20213). 615 

 616 

References 617 

ANSYS, 2017. ANSYS FLUENT theory guide- Release 18.0. 618 



Aw, K.T., Ooi, K.T., 2021. A review on sliding vane and rolling piston compressors. Machines 9, 125. 619 

https://doi.org/10.3390/machines9060125. 620 

Basha, N., Kovacevic, A., Rane, S., 2019. Analysis of oil-injected twin-screw compressor with multiphase flow 621 

models. Designs 3, 54. https://doi.org/10.3390/designs3040054. 622 

Basha, N., Kovacevic, A., Rane, S., 2021. Numerical investigation of oil injection in screw compressors. Appl. 623 

Therm. Eng. 193, 116959. https://doi.org/10.1016/j.applthermaleng.2021.116959. 624 

Basha, N., Kovacevic, A., Stosic, N., Smith, I., 2018. Effect of oil-injection on twin screw compressor performance, 625 

IOP Conf. Ser.: Mater. Sci. Eng. 425, 012009. https://doi.org/10.1088/1757-899x/425/1/012009. 626 

Bianchi, G., Cipollone, R., 2015. Theoretical modeling and experimental investigations for the improvement of 627 

the mechanical efficiency in sliding vane rotary compressors. Appl. Energy 142, 95-107. 628 

https://doi.org/10.1016/j.apenergy.2014.12.055. 629 

Bianchi, G., Cipollone, R., Murgia, S., Contaldi, G., 2015. Development of an internal air cooling sprayed oil 630 

injection technique for the energy saving in sliding vane rotary compressors through theoretical and 631 

experimental methodologies. Int. J. Refrig. 52, 11-20. https://doi.org/10.1016/j.ijrefrig.2014.12.020. 632 

Bianchi, G., Rane, S., Kovacevic, A., Cipollone, R., 2017. Deforming grid generation for numerical simulations 633 

of fluid dynamics in sliding vane rotary machines. Adv. Eng. Software 112, 180-191. 634 

https://doi.org/10.1016/j.advengsoft.2017.05.010. 635 

Bianchi, G., Rane, S., Kovacevic, A., Cipollone, R., Murgia, S., 2016. Development of a general numerical 636 

methodology for CFD analyses in sliding vane machines and application on a mid-size oil injected air 637 

compressor, International Compressor Engineering Conference: West Lafayette, Indiana, USA, p. 1343. 638 

https://docs.lib.purdue.edu/icec/2392/. 639 

Błasiak, P., Kolasiński, P., Daniarta, S., 2023. Numerical analysis of heat transfer within a rotary multi-vane 640 

expander. Energies 16, 2794. https://doi.org/10.3390/en16062794. 641 

Cabello Eras, J.J., Sagastume Gutiérrez, A., Sousa Santos, V., Cabello Ulloa, M.J., 2020. Energy management of 642 

compressed air systems. Assessing the production and use of compressed air in industry. Energy 213, 118662. 643 

https://doi.org/10.1016/j.energy.2020.118662. 644 

Çağman, S., Soylu, E., Ünver, Ü., 2022. A research on the easy-to-use energy efficiency performance indicators 645 

for energy audit and energy monitoring of industrial compressed air systems. J. Cleaner Prod. 365, 132698. 646 

https://doi.org/10.1016/j.jclepro.2022.132698. 647 

Deichmann, J.C., Straube, C., Eisengrber-Pabst, J., Grein, T., Meyer, J., Dittler, A., 2023. A newly developed 648 

dilution system for optical particle size and concentration measurements in oil-injected screw compressors. 649 

Aerosol Sci. Technol. 57, 769-781. https://doi.org/10.1080/02786826.2023.2209623.  650 

Gu, H., Chen, Y., Wu, J., Jiang, Y., Sundén, B., 2021a. Impact of discharge port configurations on the performance 651 

of sliding vane rotary compressors with a rotating cylinder. Appl. Therm. Eng. 186, 116526. 652 

https://doi.org/10.1016/j.applthermaleng.2020.116526. 653 

Gu, H., Zhou, X., Chen, Y., Wu, J., Wu, Z., Jiang, Y., Sund´en, B., 2021b. Analysis, modeling and simulations of 654 

an innovative sliding vane rotary compressor with a rotating cylinder. Energy Convers. Manage. 230, 113822. 655 

https://doi.org/10.1016/j.enconman.2020.113822. 656 

He, Z., Wang, T., Wang, X., Peng, X., Xing, Z., 2018. Experimental investigation into the effect of oil injection on 657 

the performance of a variable speed twin-screw compressor. Energies 11, 1342. 658 

https://doi.org/10.3390/en11061342. 659 

Hosseinnia, S.M., Amiri, L., Poncet, S., 2024. Performance analysis of a novel air source ammonia/water cascade 660 

heat pump for heating buildings in subarctic climate. Int. J. Refrig. 164, 57-74. 661 

https://doi.org/10.3390/machines9060125
https://doi.org/10.3390/designs3040054
https://doi.org/10.1016/j.applthermaleng.2021.116959
https://doi.org/10.1016/j.apenergy.2014.12.055
https://doi.org/10.1016/j.ijrefrig.2014.12.020
https://doi.org/10.1016/j.advengsoft.2017.05.010
https://doi.org/10.3390/en16062794
https://doi.org/10.1016/j.energy.2020.118662
https://doi.org/10.1016/j.jclepro.2022.132698
https://doi.org/10.1016/j.applthermaleng.2020.116526
https://doi.org/10.1016/j.enconman.2020.113822
https://doi.org/10.3390/en11061342


https://doi.org/10.1016/j.ijrefrig.2024.04.026. 662 

Hu, X., He, Z., Yang, J., Tao, P., Hu, L., Sun, S., 2022. Prediction and experimental study of radiated noise of 663 

rotating vane compressor under compound effects of multiple sources excitations. Int. J. Refrig. 142, 19-26. 664 

https://doi.org/10.1016/j.ijrefrig.2022.06.018. 665 

Kruse, H., 1980. Experimental investigations on rotary vane compressors, in: e-Pubs, P. (Ed.), International 666 

Compressor Engineering Conference, West Lafayette, IN, USA. 667 

Li, K., Ma, J., Cao, J., Zhang, B., Dou, B., Liu, N., Zhang, H., Su, L., Zhou, X., Tu, R., 2023. The influences of 668 

the oil circulation ratio on the performance of a vapor injection scroll compressor in heat pump air conditioning 669 

system intended for electrical vehicles. Int. J. Refrig. 151, 208-218. 670 

https://doi.org/10.1016/j.ijrefrig.2023.03.008. 671 

Liu, S., Ma, G., Xu, S., Gong, Y., Jia, X., Wu, G., 2023. A review of reverse Brayton air cycle refrigerators. Int. J. 672 

Refrig. 150, 200-214. https://doi.org/10.1016/j.ijrefrig.2023.02.016. 673 

Lobsinger, T., Hieronymus, T., Brenner, G., 2020. A CFD investigation of a 2D balanced vane pump focusing on 674 

leakage flows and multiphase flow characteristics. Energies 13, 3314. https://doi.org/10.3390/en13133314. 675 

Montenegro, G., Torre, A.D., Fiocco, M., Onorati, A., Benatzky, C., Schlager, G., 2014. Evaluating the 676 

performance of a rotary vane expander for small scale organic rankine cycles using CFD tools. Energy Procedia 677 

45, 1136-1145. https://doi.org/10.1016/j.egypro.2014.01.119. 678 

Murgia, S., Valenti, G., Contaldi, G., Valenti, A., 2015. Experimental investigation on materials and lubricants for 679 

sliding-vane air compressors. IOP Conf. Ser.: Mater. Sci. Eng. 90, 012039. https://doi.org/10.1088/1757-680 

899x/90/1/012039. 681 

Murgia, S., Valenti, G., Costanzo, I., Colletta, D., Contaldi, G., 2017. An intracooling system for a novel two-stage 682 

sliding-vane air compressor. IOP Conf. Ser.: Mater. Sci. Eng. 232, 012054. https://doi.org/10.1088/1757-683 

899x/232/1/012054. 684 

Murthy, A.A., Krishan, G., Shenoy, P., Patil, I.S., 2024. Theoretical, CFD modelling and experimental investigation 685 

of a four-intersecting-vane rotary expander. Appl. Energy 353, 122145. 686 

https://doi.org/10.1016/j.apenergy.2023.122145. 687 

NASA, 2021. Data source: NASA's goddard institute for Space studies. https://climate.nasa.gov/, (accessed 26 688 

November 2024). 689 

Olympios, A.V., Song, J., Ziolkowski, A., Shanmugam, V.S., Markides, C.N., 2024. Data-driven compressor 690 

performance maps and cost correlations for small-scale heat-pumping applications. Energy 291, 130171. 691 

https://doi.org/10.1016/j.energy.2023.130171. 692 

Park, B., Park, S., 2024. Visualization of vane chattering in rotary compressor. Int. J. Refrig. 166, 53-61. 693 

https://doi.org/10.1016/j.ijrefrig.2024.06.022. 694 

Peng, B., Yan, D., 2023. Thermodynamic properties of oil droplets in oil-injected screw compressors and their 695 

influencing factors, Proc. Inst. Mech. Eng., Part E: J. Process Mech. Eng., pp. 2-16. 696 

https://doi.org/10.1177/09544089231189559. 697 

Prasad, B.G.S., 2004. CFD for positive displacement compressors, in: International compressor engineering 698 

conference at Purdue University, West-Lafayette, Indiana, USA. https://docs.lib.purdue.edu/icec/1689/. 699 

Rak, J., Błasiak, P., Kolasiński, P., 2018. Influence of the applied working fluid and the arrangement of the steering 700 

edges on multi-vane expander performance in micro ORC system. Energies 11, 892. 701 

https://doi.org/10.3390/en11040892. 702 

Rane, S., Kovacevic, A., Stosic, N., 2016. CFD analysis of oil flooded twin screw compressors, 23rd International 703 

Compressor and Engineering Conference, p. 1023. https://docs.lib.purdue.edu/icec/2392/. 704 

https://doi.org/10.1016/j.ijrefrig.2024.04.026
https://doi.org/10.1016/j.ijrefrig.2022.06.018
https://doi.org/10.1016/j.ijrefrig.2023.03.008
https://doi.org/10.1016/j.ijrefrig.2023.02.016
https://doi.org/10.3390/en13133314
https://doi.org/10.1016/j.egypro.2014.01.119
https://doi.org/10.1088/1757-899x/90/1/012039
https://doi.org/10.1088/1757-899x/90/1/012039
https://doi.org/10.1088/1757-899x/232/1/012054
https://doi.org/10.1088/1757-899x/232/1/012054
https://doi.org/10.1016/j.apenergy.2023.122145
https://climate.nasa.gov/
https://doi.org/10.1016/j.energy.2023.130171
https://doi.org/10.1016/j.ijrefrig.2024.06.022
https://doi.org/10.1177/09544089231189559
https://docs.lib.purdue.edu/icec/1689/
https://doi.org/10.3390/en11040892


Raykovskiy, N.A., Chernov, G.I., Evdokimov, V.S., Kalashnikov, A.M., Kh. Sadvakasov, D., 2024. Power loss 705 

analysis in a new oil-free rotary vane compressor: Experimental investigation and mathematical modeling. Int. 706 

J. Refrig. 160, 298-311. https://doi.org/10.1016/j.ijrefrig.2024.01.027. 707 

Raykovskiy, N.A., Chernov, G.I., Kalashnikov, A.M., 2023. Mathematical modeling of rotary vane compressors 708 

taking into account the mutual influence of tribological and operating parameters. J. Frict. Wear 44, 108-116, 709 

https://doi.org/10.3103/S1068366623020101.  710 

Roberto, C., Diego, V., 2014. Energy saving potential in existing compressors, Proceedings of the 22nd 711 

International Compressor Engineering Conference. Purdue University. https://docs.lib.purdue.edu/icec/2379/. 712 

Shouman, A., Hussin, A.E.D., Hamed, A., Din, M.S.E., Mahmoud, N., Baz, A.E., 2017. Performance evaluation 713 

of a novel dual vane rotary compressor, IOP Conf. Ser.: Mater. Sci. Eng. 232 (2017) 012060, 714 

https://doi.org/10.1088/1757-899x/232/1/012060. 715 

Valenti, G., Colombo, L., Murgia, S., Lucchini, A., Sampietro, A., Capoferri, A., Araneo, L., 2013. Thermal effect 716 

of lubricating oil in positive-displacement air compressors. Appl. Therm. Eng. 51, 1055-1066. 717 

https://doi.org/10.1016/j.applthermaleng.2012.10.040. 718 

Valenti, G., Murgia, S., Contaldi, G., Valenti, A., 2014. Experimental evidence of the thermal effect of lubricating 719 

oil sprayed in sliding-vane air compressors. Case Studies in Thermal Engineering 4, 113-117. 720 

https://doi.org/10.1016/j.csite.2014.08.001. 721 

Valenti, G., Murgia, S., Costanzo, I., Scarnera, M., Battistella, F., 2021. Experimental Determination of the 722 

Performances during the Cold Start-Up of an Air Compressor Unit for Electric and Electrified Heavy-Duty 723 

Vehicles. Energies 14, 3664. https://doi.org/10.3390/en14123664. 724 

Vittorini, D., Bianchi, G., Cipollone, R., 2015. Energy saving potential in existing volumetric rotary compressors. 725 

Energy Procedia 81, 1121-1130. https://doi.org/10.1016/j.egypro.2015.12.137. 726 

Vittorini, D., Cipollone, R., 2016a. Energy saving potential in existing industrial compressors. Energy 102, 502-727 

515. https://doi.org/10.1016/j.energy.2016.02.115. 728 

Vittorini, D., Cipollone, R., 2016b. Financial analysis of energy saving via compressor replacement in industry. 729 

Energy 113, 809-820. https://doi.org/10.1016/j.energy.2016.07.073. 730 

Wang, C., Wu, J., Du, Y., Lei, B., 2020. Lubricating condition evaluation of the rotary compressor under high 731 

ambient temperature. Int. J. Refrig. 118, 220-229. https://doi.org/10.1016/j.ijrefrig.2020.05.027. 732 

Wang, F., Sun, Z., Fiebig, W., Xu, B., Stelson, K.A., 2021a. Lubrication and fluid film study on the vane tip in a 733 

vane pump hydraulic transmission considering a fluid and structure interaction. J. Tribol. 143, 121803. 734 

https://doi.org/10.1115/1.4050350. 735 

Wang, J., Liu, Y., Chen, Z., Tan, Q., 2021b. Geometric model and pressurization analysis on a novel sliding vane 736 

compressor with an asymmetrical cylinder profile. International Journal of Refrigeration 129, 175-183. 737 

https://doi.org/10.1016/j.ijrefrig.2021.04.032. 738 

Wen, C., Liu, Z., Wen, X., Gao, K., Guan, J., Bai, P., Meng, Y., Tian, Y., 2024. Dynamic modeling and 739 

characteristics analysis of sliding vane in a high-speed rotary compressor considering groove distribution and 740 

multi-body coupling. Tribol. Int. 194, 109505. https://doi.org/10.1016/j.triboint.2024.109505. 741 

Wu, P., Chen, J., Sojka, P.E., Li, Y., Cao, H., 2023. Experimental study of the lubricant-refrigerant flow in a rotary 742 

compressor. Int. J. Refrig. 151, 184-199. https://doi.org/10.1016/j.ijrefrig.2023.03.007. 743 

Wu, W., Zhang, Z., Peng, C., Li, X., Yang, Y., Lei, W., 2022. Refreshed internal working characteristics of the 744 

single screw compressor based on experimental investigation. Int. J. Refrig. 143, 118-125. 745 

https://doi.org/10.1016/j.ijrefrig.2022.06.033. 746 

Ye, F., Bianchi, G., Rane, S., Tassou, S.A., Deng, J., 2021. Analytical grid generation and numerical assessment of 747 

https://doi.org/10.1016/j.ijrefrig.2024.01.027
https://docs.lib.purdue.edu/icec/2379/
https://doi.org/10.1088/1757-899x/232/1/012060
https://doi.org/10.1016/j.applthermaleng.2012.10.040
https://doi.org/10.1016/j.csite.2014.08.001
https://doi.org/10.3390/en14123664
https://doi.org/10.1016/j.egypro.2015.12.137
https://doi.org/10.1016/j.energy.2016.02.115
https://doi.org/10.1016/j.energy.2016.07.073
https://doi.org/10.1016/j.ijrefrig.2020.05.027
https://doi.org/10.1115/1.4050350
https://doi.org/10.1016/j.ijrefrig.2021.04.032
https://doi.org/10.1016/j.triboint.2024.109505
https://doi.org/10.1016/j.ijrefrig.2023.03.007
https://doi.org/10.1016/j.ijrefrig.2022.06.033


tip leakage flows in sliding vane rotary machines. Advances in Engineering Software 159, 103030. 748 

https://doi.org/10.1016/j.advengsoft.2021.103030. 749 

Yuan, X., Su, C.-W., Umar, M., Shao, X., LobonŢ, O.-R., 2022. The race to zero emissions: Can renewable energy 750 

be the path to carbon neutrality? J. Environ. Manage. 308, 114648. 751 

https://doi.org/10.1016/j.jenvman.2022.114648. 752 

Zhang, J.W., Wu, Y.R., Hsieh, S.H., Huang, C.S., 2019. Use of CFD to investigate flow characteristics and oil 753 

distribution inside an oil-injected screw compressor. IOP Conf. Ser.: Mater. Sci. Eng. 604, 012016. 754 

https://doi.org/10.1088/1757-899x/604/1/012016. 755 

Zhang, Q., X.Xu, 2014. Numerical simulation on cavitation in a vane pump with moving mesh, in: 5th international 756 

conference on computational methods, Cambridge, England. pp. 1-7. https://www.sci-en-757 

tech.com/ICCM2014/PDFs/401-835-1-PB.pdf. 758 

 759 

https://doi.org/10.1016/j.advengsoft.2021.103030
https://doi.org/10.1016/j.jenvman.2022.114648
https://doi.org/10.1088/1757-899x/604/1/012016
https://www.sci-en-tech.com/ICCM2014/PDFs/401-835-1-PB.pdf
https://www.sci-en-tech.com/ICCM2014/PDFs/401-835-1-PB.pdf



