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Abstract--The design methodologies for reducing operational problems in a hermetically 
sealed single-cylinder R-12 compressor used in deep freezers are discussed. Excessive oil 
throw was reduced to acceptable limits by modifying the suction pipe location in the shell, 
intake muffler orientation, oil hole dimensions and improved cooling of shell exterior. For 
eliminating connecting rod end wear, bronze sleeves were introduced in the bearing along with 
changes in journal hardness. Accelerated life tests were conducted on modified and production 
compressors to demonstrate the effectiveness of the modifications. 

1. I N T R O D U C T I O N  

One of the compressor manufacturers in India has been marketing a single-cylinder 
hermetically sealed reciprocating compressor model for deep freezer applications. The 
reliability of this compressor is not satisfactory. Preliminary investigations by the 
manufacturer  revealed two major problems: excessive oil pumping (oil throw), and 
connecting rod wear. 

A general arrangement of the compressor is shown in Fig. 1. The compressor and 
its drive motor  are fixed in the shell which is hermetically sealed by a welded shell 
top. In this design, the reciprocating parts are located above the drive motor.  Gas 
fills the shell space by entering either from the shell top [Fig. l(a)] or shell side 
[Fig. l(b)]. The bot tom of the shell contains lubricating oil which is pumped upwards 
through the crankshaft. Gas in the shell is sucked into the cylinder via the suction 
muffler and, after compression, leaves through the discharge muffler. The end users, 
manufacturers of deep freezers, are advised to ensure a specified air flow rate over 
the shell for proper  cooling. 

The compressor is designed for operation with an oil throw rate of less than 
6 ml/hr; however,  the actual throw rate is as high as 40 ml/hr. The immediate effect 
of this malfunction is the accumulation of pumped oil in other components of the 
system. As a result, the amount  of oil in the compressor shell decreases, which 
adversely affects the lubrication of the moving parts and impairs heat transfer from 
other components.  Operat ion of the compressor for about 6 months resulted in 
excessive noise, and examination after opening revealed excessive wear of connecting 
rod ends. 

2. OIL T H R O W  

Oil throw (oil carry over with the discharged compressed gas) results from two 
primary phenomena:  oil vapour and drop entrainment by the gas when it enters the 
shell, and entrainment from the cylinder wall. These phenomena depend upon the oil 
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Fig. 1. General arrangement sketch of the compressor: (a) section at A-A, (b) view with shell 
top removed. 

pumping rate through the crankshaft,  the oil temperature  and compressor  parameters  
(such as clearances, hole diameters and surface finish). 

2.1. Oil flow 

Figure 2 shows a cross-section through the crankshaft and the oil flow paths in the 
compressor.  The sump oil is pumped upwards through the central hole (H1) to the 
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main bearing. At the bearing, the oil takes four paths: first, through hole "A" to the 
main bearing and back to the sump; second, through side hole "B" and back to the 
sump; third, through hole "C" to the crank pin (feeding the big and small end 
bearings) and back to the sump; and, fourth, through top oil hole "D" and back to 
the sump. The oil flowing through hole "D"  cools the motor windings during its 
descent to the sump: the windings, unlike other conventional sealed compressors 
(which have reciprocating parts near the sump), do not come into intimate contact 
with the cold vapour. Oil mixing and circulation in the sump are achieved by a finger 
attached to the bottom end of the crank shaft. The oil pressure developed is roughly 
proportional to the square of the eccentricity of hole H1 and its radius [1]. During 
upward flow, the oil is heated by the rotor windings, affecting its viscosity. 

2.2. Gas flow 

The gas path begins at its entry into the shell, which can be on the shell side or on 
the shell top (see Fig. 1). In the shell, the gas mixes with oil vapour and droplets. 
This interaction determines the amount of oil entrained into the gas which enters the 
inlet muffler. Subsequently, the gas-oil mixture is compressed, during which its 
pressure and temperature increase. This causes oil from the cylinder walls to be 
entrained with the gas. There are no piston rings in this compressor and oil on the 
cylinder walls is not scraped away. The compressed gas flows into the discharge 
muffler and then into the discharge pipe (Fig. 1). 

The gas inlet location, inlet muffler design and cylinder-piston design are, there- 
fore, the principal factors affecting oil entrainment. Oil and gas temperature strongly 
influence oil throw. 
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Fig. 2. Schematic of oil flow in the compressor• 
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2.3. Heat transfer 

Heat is generated in the shell by three modes: heat generation in the motor 
windings, frictional heating due to the relative motion of surfaces, and gas compres- 
sion. This heat is taken away by the gas and oil. In steady-state operation, heat is 
transmitted to the surrounding air via the shell walls. The heat transfer rate through 
the shell depends primarily upon the outside and inside heat transfer coefficients, and 
on the surface area of the shell. The outside heat transfer coefficient is determined by 
air flow around the shell. 

Establishment of adequate air flow around the shell by a fan is recommended by 
the manufacturer. Depending on the user, the design of the deep freezer varies, and 
this affects the outside heat transfer coefficient. It has been observed that in some 
cases the user is not aware of the need for adequate air flow over the shell. 
Consequently, the heat transfer rate is adversely affected, resulting in an increased oil 
temperature. 

The inside heat transfer coefficient is relatively high in the sump because liquid oil 
is in contact with the shell. Elsewhere, the gas and oil vapour are in contact with the 
shell, resulting in a much lower heat transfer coefficient. As the outside heat transfer 
coefficient is relatively uniform around the shell, heat transfer from the lower surface 
of the shell is the limiting factor. It is important to note that these compressors 
operate in tropical countries, often outside, with ambient temperatures of up to 45 °C 
for several months a year. 

Poor heat transfer from the shell bottom produces a very high sump oil tempera- 
ture. In addition, the oil at the bearings will always be at least 5-10 °C warmer than 
the sump oil. Elevating the oil temperature decreases the viscosity, causing increased 
oil throw and adversely affecting the load-carrying capacity of the bearings. 

2.4. Compressor design 

The major specifications of the production compressor are as follows: 

Inlet pipe location: on the shell side near the inlet muffler [Fig. l(b)]. Suction 
muffler orientation: top facing, with hole at the bottom of the intake cover. Diameter 
of deep oil hole (H1): 0.438" (11.13 mm). Offset of deep oil hole (H1): 0.125" 
(3.13mm). Diameter of side oil spilling/degassing hole (B): 0.187" (4.75mm). 
Offset/eccentricity of side oil spilling/degassing hole (B): 0.44" (11.18 mm). Diameter 
of top oil spilling hole (D): 0.187" (4.75 ram). 

2.5. Oil throw experiments 

Oil throw was measured by connecting the compressor to a condenser, expansion 
valve and evaporator circuit. The discharge pipe had a valved tap-off for collecting 
the oil carried with the discharged gas. The compressor was charged with the 
specified amount of oil, connected to the test circuit and charged with the refrigerant 
R-12. The compressor was run for about half an hour, which enabled attainment of 
design pressures and steady state. The oil collection valve was opened for 5-10 min 
and the oil was collected in a graduated cylinder. The results are given in Table 1. 

2.6. Recommendations for oil throw reduction 

The following design modifications were recommended for oil throw reduction: 

Inlet pipe location: from the top of the shell [Fig. l(a)]. Suction muffler orienta- 
tion: vertical and facing the shell, with hole at bottom of intake cover. Diameter of 
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Table 1. Results of oil throw experiments 

75 

Inlet pipe 
Case location 
designation on shell 

Suction Deep oil Side oil Side oil Top oil Oil 
muffler hole hole hole hole throw 

orientation diameter (") diameter (") offset (") diameter (") (ml/hr) 

Production Side 
A Side 
B Top 
C Side 
D Top 
E Top 
F Top 
G Top 
H Top 
I Top 
J Top 
K Top 

Down 0.438 0.187 0.44 0.187 200 
Vertical 0.438 0.125 0.44 0.125 92* 
Vertical 0.438 0.125 0.44 0.125 70 
Down 0.438 Closed N.A. 0.125 180-220 
Down 0.438 Closed N.A. 0.125 90-120 

Up 0.438 Closed N.A. Closed 12-20t 
Up 0.438 0.125 0.44 Closed 30-80~ 

Vertical 0.320 0.125 0.44 Closed 30 
Vertical 0.281 0.125 0.44 Closed 24-38 
Vertical 0.281 Closed N.A. Closed 20-30t 
Vertical 0.281 0.11 0.44 Closed 6-10 
Vertical 0.281 0.125 0.44 Closed 4-6§ 

*Capacity 1200 BTU/hr. 
tNoise increased. 
~Capacity 1400 BTU/hr. 
§Shell kept in a bucket of water at ambient temperature. 

deep oil hole (H1): 0.281" (7.13 mm). Offset/eccentricity of deep oil hole (H1): 0.11" 
(2.8 mm). Diameter of side oil spilling/degassing hole (B): 0.11" (2.8 mm). Offset/ 
eccentricity of side oil hole: 0.35" (8.9 mm). Diameter of top oil spilling hole (D): 
closed. Cooling of the shell bottom: improve. 

3. CONNECTING ROD WEAR 

3.1. Existing bearing design 

Excessive wear problems of the connecting rod bearings were investigated. The 
main parameters affecting connecting rod wear out are inadequate lubrication, 
inappropriate beating materials, and incorrect clearances and surface finish. Details of 
the mechanism, at BDC, are given in Fig. 1. In the production compressor, the 
material combinations and dimensional specifications were as follows: 

Big end bearing: journal (crank pin): cast iron, 0.5-0.4996" diameter, 12/#' CLA. 
Beating (unsleeved): aluminium alloy, 0.5006-0.5004" diameter, 24/z" CLA. Bearing 

1 ,, width: 0.70". Oil supply groove ~ diameter. Small end bearing: journal (gudgeon 
pin): C40 steel, carburised case 0.017-0.035" thick, 0.4370-0.4377" diameter, 4l#' 
CLA. Bearing (unsleeved): aluminium alloy, 0.4383-0.4380" diameter, 24/~" CLA. 
Beating width 0.97". 

3.2. Bearing design modifications 

3.2.1. Bearing size. The maximum load on the piston crown is 1200N, which 
occurs at 93 ° from BDC during the compression stroke and the motor speed is 
2900 rpm. The oil hole position for the lubrication of the big end bearing is such that 
oil enters the small end when the piston is at TDC. For the big end bearing, the 
relative motion varies with crank rotation. In the case of the small end bearing the 
relative motion is an oscillation of few degrees. Analysis of beatings with such motion 
is complex and steady-state rotation has been assumed, taking into account the 
approximation for non-uniform relative motion in the case of the big end bearing. 
The approximate design methodology [2] indicates that an increase in the bearing and 
journal dimensions of the big end bearing is required to support the load. The 
calculation suggests that a bearing diameter of 0.75" (19.0 mm) needs to be provided 
but, due to space constraints, the value of 0.6" (15.3 mm) was adopted with the same 
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length of 0.7" (17.8 mm). This value, though not optimal, is expected to provide 
satisfactory results because the maximum load of 1200 N occurs only for a small 
duration of the cycle. 

3.2.2. Bearing materials. The production compressor has a journal of cast iron at 
the big end and SAE 1040 at the small end (Fig. 1). No sleeve inserts are provided 
at either bearing. Moreover,  the gudgeon pin material used may not provide the 
desired hardness of 25 Rockwell C. Based upon material compatibility the suggested 
material-hardness combinations were as follows: 

Journals: AISI 4140 steel, 25 HRC. Bearings: leaded bronze sleeve 1.25 mm thick, 
65 BHN. 

Owing to manufacturing constraints, cast iron was retained for the crank pin. 

3.2.3. Oil hole location. In the existing production compressor, oil enters the small 
end bearing at TDC. It is likely that all the oil will leak out due to side leakage by 
the time the bearing is subjected to the maximal load. It is, therefore,  preferable to 
position the oil entry hole such that oil enters much later and some oil is retained 
within the bearing as the crank moves away from TDC towards BDC. Hence,  the 
suggested position is when the piston has travelled one-third of the stroke distance 
from the TDC. This configuration is shown in Fig. 3, where the oil hole is at 55 ° from 
the line joining the crankshaft centre with the crank pin centre. 

3.3. Life tests 

The modifications were introduced in the compressor and accelerated life tests were 
performed on three modified compressors and one production compressor. Each test 
lasted 150 hr. At the end of the tests, the two modified compressors were cut open 
and examined. The third modified compressor was run for an additional 100 hr. A 
summary of the test results is given in Table 2, on the basis of which the following 
observations were made. 

In the case of modified compressors, the bearings were in good condition, there 
was no soot formation and the oil condition was excellent. In the case of the 
production compressor, cracks were observed in the connecting rod big end bearing, 
excessive soot was deposited and the shape of the bearing holes changed. Further,  

Crana i° 

Existing Modified 
orientation orientation 
of oil hole of oil hole 

Fig.  3. Oi l  ho le  loca t ion .  
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Table 2. Results of accelerated life tests 
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Parameter Modified Production 
compressors compressor 

Oil quality 
General condition of components 

No deterioration 
Not much visible change 

Oil very black 
All components coated black. 
Connecting rod on the verge of 
breakage at big end 

Wear (") 
Crank pin diameter 0.0002 0.0005 
Connecting rod big end 0.0006 0.075 
Connecting rod small end Zero 0.0002 
Gudgeon pin diameter 0.0008-0.0022 0.0012 

Surface finish (l~" CLA) 
Crank pin 28-40 36 
Connecting rod big end 28-38 Deep pitting 
Connecting rod small end 18-30 30 
Gudgeon pin 14-20 6 
Piston surface 8-12 5 

oil holes in the connect ing  rod  bear ing were  b locked due to particles in the oil, and 
the head  of  the locking pin was severed.  Fe r rographs  o f  oil in the p roduc t ion  and 
modif ied  compressors  are shown in Fig. 4. They  show that  the oil in the modif ied 
compressor  is considerably  c leaner  than that  in the p roduc t ion  compressor .  

4. C O N C L U S I O N S  

A n  analysis o f  a single-stage compressor  was carr ied out  with the objectives of  
reducing oil th row and eliminating connect ing rod wear.  The  suggested modif icat ions 
significantly reduced  bo th  oil th row and bearing wear.  

Fig. 4(a). Caption on p. 78. 
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Fig. 4. Ferrographs of oil after life tests: (a) production compressor, (b) modified compressor. 
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