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Abstract— In hermetic reciprocating compressor, oil supply system is usually composed of an oil pick up tube, crankshaft 
holes and oil grooves. The oil pick up tube is immersed into the oil sump, at the bottom of the shell. During operating process, 
the oil is pumped into the oil pick up tube and delivered to the shaft bearings, connecting rod and piston. This paper presents 
mathematical model of oil supply system. There are four number of radial oil discharge holes on the crankshaft wall. Total 
mass flow rate based on maximum pressure head at the inner wall of oil pick up tube is calculated. The oil risen up in the oil 
pick up tube flows out through radial oil discharge holes. So, total quantity of mass flow rate at inner wall of oil pick up tube 
and quantity of mass flow rate flowing out through four radial oil discharge holes at different oil temperatures are evaluated 
by computational fluid dynamics (CFD) software. It is found that analytical result related to total mass flow rate is very close 
the one given by software at 40°C temperature of oil. The results can be used to design and optimize the oil supply system of 
hermetic reciprocating compressor.  
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I. INTRODUCTION 
 

  The hermetic reciprocating compressor is the 
most widely used in all fields of refrigeration and 
air-conditioning. The compressor is a piece of 
equipment that compresses gas, used to handle large 
volume of gas at pressure increases from 1.5 PSI to 
several thousand pounds per square inch. The 
performance of compressor is measured in terms of its 
refrigerating capacity and brake power per ton of 
refrigeration. The refrigerating capacity of a 
compressor during working condition is important to 
decide whether the system is capable to take the load 
or not. So for proper working conditions, lubrication 
system of compressor must be consistent in 
performance.  

In this type of compressor, the oil supply system is 
usually composed of an oil pick up tube, shaft holes 
and oil grooves. An oil pick up tube is immersed into 
the oil sump, at the bottom of the lower shell. During 
operating process, the oil is pumped into the oil pick 
up tube and delivered to the shaft bearing, connecting 
rod and piston. 

According to fluid dynamics, the centrifugal force 
and shear force are basic functions of the oil pump. 
The centrifugal force results from the rotation of the 
shaft and the shear force is produced by velocity 
difference between the shaft and the bearing. As the 
rotating motion of the crankshaft is utilized as a power 
source for oil pumping, so it is necessary to make a 
fine control of the amount of oil supply. 

Shin et al. [1] have presented an experimental 
analysis on the oil supply characteristics of scroll 
compressors operating at variable speed. They  

 
concluded that, oil flow rate is sensitive to the shape of 
the oil gallery inside the crankshaft. Bernardi [2] has 
studied the oil supply system of a scroll compressor 
using the volume of fluid (VOF) method to 
characterize the free-surface flow inside the channels 
of the oil pumping system. A deviation of 17% 
between the calculated and experimental oil flow rates 
at the top of the shaft was reported by the Bernardi. 
Cho et al. [3] have conducted a CFD study of the oil 
flow in geometry in which the effects of the shaft speed 
and oil temperature have been investigated in some 
detail. Kim et al. [4] have modelled the whole oil 
supply system numerically and predicted oil 
distribution for vertical rotary compressor.  

Cui [5] has studied effect of two operating 
parameters as oil depth inside the oil sump and fluid 
viscosity on the oil supply system of scroll compressor 
using numerical model. From this study, oil supply 
rate and the dry periods of the bearings are obtained. 
Zhai et al. [6] have studied the model of oil supply 
system for rotary compressor. Oil supply system was 
simulated by using a CFD software – FLUENT. It gets 
the oil supply capacities through the shaft at different 
oil levels in oil sump. All these were validated by 
experiments. Wu et al. [7] presents a theoretical 
simulation of the effect of the centrifugal force on the 
oil flow. Results show that the reed pump will fail, 
when the rotation speed is below 2000 rpm. Kerpicci 
et al. [8] have presented the numerical investigation of 
the lubricant oil pumping system of a hermetic 
reciprocating compressor using CFD. In this study, 
change of angular speed associated with time is 
measured with high speed camera and this data is used 
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for transient calculations. Acquired results are 
compared to the experimental studies.  

Thus from the literature review, it is observed that 
many researchers have carried out investigation of oil 
flow in hermetic reciprocating compressors as well as 
rotary and scroll compressors and very few researchers 
have worked on optimization of oil sump level. Hence, 
in this paper, oil flow analysis in hermetic 
reciprocating compressor has been carried out by 
theoretical and simulation to achieve the objectives as 
total mass flow rate at inner wall of oil pick up tube, 
variation in mass flow rate with respect to temperature 
of oil at specific locations on the crankshaft. 
 
II. MODELING OF OIL SUPPLY SYSTEM 
 

Fig 1 shows the geometry of hermetic reciprocating 
compressor [7]. The components of oil supply system 
include an oil sump, oil pick up tube, divider and 
crankshaft. An oil pick up tube is immersed into oil 
sump situated at bottom shell. The oil from oil sump is 
drawn into oil pick up tube hole as crankshaft rotates.  

 
Fig.1 Geometry of compressor 

 
There are four number of radial oil discharge holes 

on the crankshaft wall. First radial oil discharge hole 
of crankshaft is engaged with the main journal 
bearing. The oil passage is then continued to the 
second radial oil discharge hole, which is surrounded 
by sub journal bearing. Third radial oil discharge hole 
of crankshaft is engaged with the surrounding out 
board bearing. And the last, fourth radial oil discharge 
hole is open inside the housing. This is the whole oil 
supply system.  
 
A. Lubrication element 
 
Shaft pump 

As the crankshaft rotates, the oil in the oil gallery 
which is located inside the shaft is forced to rotate with 

the shaft. A divider like a thin plate is inserted inside 
the oil gallery to make the oil portion more effective. 
All the oil supply elements, such as oil pick up tube, 
divider, oil gallery, and radial oil discharge holes, can 
be considered as a combined centrifugal type of oil 
pump. This pump will be called as shaft pump. 

Maximum oil pressure head (Zmax) the pump 
could provide occurs at inner wall of oil pick up tube 
[7]. As a result, 

 

    (1) 
 
where ω is the angular velocity of the crankshaft 
(rad/s); r₁ is the radius of oil pick up tube (m); r₀ is 
radius of oil hole (m); Z₀ is the height of oil level in the 
oil sump (m). The oil pressure head will be changed 
when there occur discharge flow through radial oil 
discharge holes. Now volumetric oil flow rate 
expressed in (m³/s) will be calculated by using 
following equation, 
 
Q = Area (A) * Velocity (V)       (2) 
Where, 
V is velocity expressed in (m/s) and A is area 
expressed in m² and can be calculated as follows, 
 

  
A = π * r₁² 
 

This is the total volumetric oil flow rate from shaft 
pump. The oil risen up in the oil pick up tube flows out 
through radial oil discharge holes. 
 
III. NUMERICAL SIMULATION 
 

A CFD model for oil supply system of reciprocating 
compressor is established which includes all 
components of the oil supply system. In CFD model, 
main domain is oil flow path domain, so other parts of 
the compressor are not considered. Fig.2 shows the 3D 
model of oil supply system. Modelling is done with 
Pro/E wildfire 4.0 application.  

 
Fig.2 3D model of oil supply system 
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A. Fundamental assumption 
To simplify the analysis of oil supply system, steady 

state analysis is done. Following fundamental 
assumptions are made in the present model: 1) Oil 
flow can be considered as incompressible laminar flow 
and isothermal flow, 2) There is no phase change in 
the oil, 3) Oil in control volume is continuous, 4) For 
the sake of simplicity and applicability no refrigerant 
is used in simulation. 
B. Mesh generation 

Mesh generation is the base of CFD numerical 
simulation. The accuracy of the physical model is 
correlated to the correctness and the stability of the 
result directly. The quality of mesh has much more 
influence on the simulation results than the method of 
simulation format. It will save a lot of calculating time 
and computer memory if the mesh is reasonable [8].  

In this study, tetrahedron and hybrid cells are used 
to mesh the flow domain which is divided into several 
volumes. Fig.3 shows mesh of the flow domain. The 
computational grid is comprised of 2,299,023 total 
volume elements. Mesh is produced in commercial 
software GAMBIT 2.4.6.  

 

 
Fig.3 Mesh of flow domain 

 
C. Boundary conditions 

The flow domain needs to set boundary conditions 
after generating mesh. The boundary conditions for 
the continuity and momentum equations are specified 
as follows: 1) pressure conditions are specified at inlet 
and outlet of the model, 2) no-slip boundary condition 
is valid at all of the walls, 3) rotational speed of the 
walls of the oil flow domain is equal to 3000 rpm, 4) 
all the remaining walls and interfaces between 
domains are stationary. 

The variation of pressure (dp) of oil in any plane [9] 
could be obtained by following equation, 
 

     (3) 

Where ρ is the density of oil (kg/m³).The first term of 
right hand side of equation (3) gives pressure gradient 
in radial direction and second term gives pressure 
gradient in vertical direction. 

The pressures at the inlet and outlets are calculated 
by integrating the above equation (3),  
 

     (4) 
 
Where p is the pressure(N/m²) and C is the constant of 
proportionality. The rotating reference frame 
considering a rotation of the crankshaft is used in the 
numerical simulation. A standard method is used in 
the pressure interpolation. The continuity and 
momentum equations are solved by the SIMPLE 
method, which tends to have fast convergence at 
steady state condition. In this study, the ANSYS 
-FLUENT 14.0 solver is used for commercial CFD 
simulation program. The CFD simulations are 
performed at different oil temperatures such as 40°C, 
60°C and 80°C and height of oil sump is taken as 15 
mm. Table I gives properties of lubricating oil at 
different temperatures. The oil used in this study is 
POE 22 CC. 

TABLE II 
PROPERTIES OF LUBRICATING OIL 

 
 

Sr. 
No. 

 
Lubricant Oil : POE 22 CC 

 
Temperature 

(°C) 
 Density 
(kg/m³) 

Dynamic 
viscosity 
(Ns/m²) 

1 40 970 0.02328 
2 60 960 0.01181 
3 80 945 0.00689 

 
IV. RESULT AND DISCUSSION 
 

Oil viscosity has a great influence on oil supply rate 
of the compressor. As the temperature of the oil 
increases, its viscosity decreases so mass flow rate 
increases. So for the validation between analytical and 
software result consider oil temperature as 40°C. 
Table II shows comparison of the calculated total mass 
flow rate with the simulated one at 40°C. 

TABLE IIIIV 
COMPARISON OF CALCULATED WITH THE SIMULATED 
TOTAL MASS FLOW RATE AT OIL TEMPERATURE, T = 

40°C 
 

Temperatur
e 

(°C) 

 
Mass flow rate (kg/s) 

 

 
Error  
(%) 

Calculate
d  

Simulated 

 
40°C 

 

 
0.345 

 
0.328 

 
1.7 
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The analytical and software result for total mass 
flow rate from shaft pump (Fig.4) is compared. It is 
found that analytical result is very close to the one 
given by software. The 1.7% error is observed. This 
deviation is observed due to some errors in the 
assumptions of the model and the limitation of the 
analytical method.  
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 Fig.4 Total mass flow rate from shaft pump at 40°C oil 
temperature 

 
Also variation in mass flow rate with respect to oil 

temperature 40, 60 and 80°C is simulated at inlet and 
four radial oil discharged holes i.e. outlets. Fig.5 
shows variation in oil flow rate with respect to oil 
temperature. It also shows how the total quantity of 
mass flow rate is distributed at four outlets.  The mass 
flow rate of oil is found to be strongly dependent on the 
oil temperature. These results can be used to design 
and optimize oil supply of hermetic reciprocating 
compressor. 
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Fig.5 Variation in the Oil flow rate with respect to oil 
temperature 

 
 

CONCLUSION 
 

In this study, a CFD model for oil supply system of 
the hermetic reciprocating compressor is developed. 
This model includes all the components of oil supply 
system. The simulations are performed with a 
variation of oil temperature. Total quantity of oil 
distributed into four outlets has been obtained by using 
CFD simulation. Generally, the influence of oil 
temperature on the mass flow rate is relatively small 
but it is strongly dependent on it. 

The analytical result is consistent with the 
simulated one with a maximum deviation of 1.7%. 
This analytical method is proved to be very useful to 
determine the oil flow rate through the shaft pump. 
The obtained results can be used to design and 
optimize the oil supply system of hermetic 
reciprocating compressor. 
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