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2. Lubrication

2.1 Oil circuit
The oil carries out the following functions:
· Dynamic seal between the rotors and the cylindrical chambers;
· Lubrication of the bearings and the rotors;
· Control of the slide valve for capacity control (only for the SRC-S series);

· Cooling.

Illustrative examples of the SRC-S series internal oil circuits are those shown in the cross sections of pictures 2.A and 2.B. Note that for the compressors SRC-S 255/285/305 the capacity control slide valve is located underneath the rotors, see picture 2.A; while for the other compressors of the SRC-S series it is located on top of the rotors, see picture 2.B.

As regards the internal oil circuit of the SRC-XS series, the oil is still delivered to the rotors and to the bearings, but no oil system takes part in the capacity control. Therefore in the SRC-XS compressors the part of the oil circuit applied to the capacity control of the SRC-S series is absent.
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Picture 2‑A: diagram of the internal oil circuit for lubrication and operation of the slide valve: models SRC-S-

255/285/305;

14,15,16: solenoid valves for capacity control;

1: slide valve and actuator piston for capacity control;

2: rotors;

3: rolling bearings;

4: plate for changing from step to stepless configuration, and vice versa;
5: oil filter;

6: oil inlet-outlet connection for the external cooling circuit;
7: oil separator: “DEMISTER”;
8: capillary tube (internal of the compressor).
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Picture 2‑B: diagram of the internal oil circuit for lubrication and operation of the slide valve: models SRC-S-

113/133/163/183/213/253/303/353/413/463/503/553/603;

14, 15, 16: solenoid valves for capacity control;

17: slide valve and actuator piston for capacity control;

6: rotors;

5, 7: rolling bearings;
4: oil filter;

18: oil inlet-outlet connection for the external cooling circuit;

11; oil separator ‘DEMISTER’;

13; capillary tube (external of the compressor);

The lubricant is held in the bottom of the housing and in the oil separator. As shown in pictures 2-A and 2-B, the oil separator of the SRC-S compressors is connected directly to the front of the compressor flanged casing; while for the SRC-XS compressors it is located laterally making it possible to reduce the length of the compressors themselves, see picture 2-C. 
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	Warning! 

The oil contained in the sump is at the discharge pressure (high pressure).


The oil is circulated by exploiting the pressure difference between the crankcase, at the discharge pressure, and the point of injection, where the pressure is slightly higher than the suction pressure (no oil pump is then necessary).

From the crankcase the oil flows through a filter to the suction bearings, to the injection point on the screw profile and to the discharge bearing chamber. For the SRC-S compressors only, there is also a capillary tube, which is internal in the models 255, 285 and 305 and external in the other models of this series, that carries the oil to the slide valve control cylinder for capacity control.
Then the oil leaving the slide valve control cylinder -whenever present-, the suction bearings and the discharge bearing chamber flows to the suction side of the rotors and it is compressed through the rotors together with the suction gas.
The high-pressure oil-gas mixture undergoes to a separation process in the ‘DEMISTER’, part (7) in picture 2-A or part (11) in picture 2-B (see paragraph 2-4 ‘Oil separation’); then the oil is collected at the bottom of the oil separator while the gas leaves the compressor through the discharge shut-off valve located on top of the oil separator.
Downstream the oil filter are two connections (oil outlet/inlet) for the connection to an external cooling system, which could be required by the operating conditions (see chapter SA-11 “Additional cooling”).
2.2 Oil flow-rate
As the circulation of oil is generated by a pressure difference, the oil flow rate depends upon the difference between the discharge and suction pressure, according to the following equation:
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Where:

Voli= volumetric oil flow-rate through the filter


[l/min]

K = coefficient, depending on the model of compressor

(see Table A)

Ps = discharge pressure





[bar]

Pa = suction pressure





[bar]
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Table A: coefficients K for calculating the oil flow-rate;

The minimum oil flow rate required to fulfil all the purposes (lubrication, seal, slide valve control and cooling) is ensured when the compressor works within the established field of operation, as long as the oil filter is normally clean and the oil maintains its characteristics.

During the starting phase, as the pressures are always balanced in the compressor, there is no oil circulation; however the bearings and rotors are designed to tolerate a few seconds of dry operation before the necessary pressure difference is reached.
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	Warning!

Within 20 seconds from starting, the compressor has to work within the recommended application range (minimum pressure difference, see paragraph 2.8).


In part-load operation and, in general, when the minimum pressure difference is not easily reached, special measures may need to be adopted, such as:
· delayed start of the condenser fans, on air-cooled units;
· the use of a water flow-rate control valve on water-cooled units;
· the use of a pressure regulating valve between the compressor and the condenser (contact RefComp for further information).  At the same time it might be also necessary to keep the time of the compressor part-load operation to the minimum (about 5 seconds).
2.3  Lubricants

The lubricants have been selected mainly based on the following requirements:
· Seal against leaks along the rotor profile;
· Correct lubrication of the bearings;
· Good viscosity characteristics at high temperature;
· Good miscibility with the refrigerant fluid at low temperature.
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	Warning!

Do not use lubricants other than those recommended. All the oils approved by RefComp are highly hygroscopic and must not come into contact with the humidity in the air.


Depending on the kind of refrigerant fluid, below are the oils recommended by RefComp for the SRC-S and SRC-XS series compressors.
2.3.1 Lubricant for HCFC: R22

	Supplier
	Type
	Chemical composition
	Density at 15°C [g/ml]
	Cinematic viscosity at 40°C [cSt]
	Flash point      [°C]
	Pour point [°C]
	Flock point
[°C]

	CPI
	CP-4214-320
	complex ester 
	1.05
	298
	271
	-35
	none


Table B:  properties of oil for refrigerant R22;

2.3.2 Lubricant for HFC: R407C, R134a, R404A and R507

	Supplier
	Type
	Chemical composition
	Density at 15°C [g/ml]
	Cinematic viscosity at 40°C [cSt]
	Flash point      [°C]
	Pour point [°C]
	Flock point [°C]

	FUCHS*
	Reniso Triton SE 170
	POE 
	0.98
	170
	260
	-24
	none

	CASTROL
	SW 220 HT EU
	POE
	0.98
	220
	280
	-22
	none

	CPI**
	Solest 170 (BS 170)
	POE
	0.95
	175.2
	265
	-30
	none


*: standard for SRC-S compressors;      **: standard for SRC-XS compressors;

Table C: properties of lubricant oil for refrigerants: R407C, R134a, R404A and R507;

2.4  Oil separation

The separation of the oil is required for the following reasons:

· to ensure the accumulation of oil in the compressor crankcase so that it can continuously be delivered to the bearings and the rotors;

· to prevent the migration of oil from the compressor into the refrigerant circuit.

RefComp has developed a high efficiency oil separator with low space requirements.

The presence of the oil separator could affect the compressor sound emissions, however this is already particularly low because of the thickness and shape of RefComp compressor design.
The oil is separated thanks to:
· the impact with the inside surface of the oil separator;
· the difference in specific mass between the oil and the gas;
· actual filtering of the discharged gas by the “DEMISTER” (part (7) and (11) respectively in picture 2-A and 2-B; variation in direction and speed of the compressed refrigerant-oil mixture).
Picture 2.C points out the specific position of the oil separator both for the SRC-S series and the SRC-XS one. While picture 2-D shows the schematic cross-section of a SRC-S compressor, highlighting the separation process through the  oil separator.

SRC-XS SERIES                                                                        SRC-S SERIES

Picture 2-C: specific position of the oil separator both for the SRC-S series and the SRC-XS one;




Picture 2-D: separation process of the oil-refrigerant mixture using the ‘DEMISTER’ separator in the SRC-S series compressors;
The high pressure oil-gas mixture leaving the rotors is subjected to an initial separation due to the different velocity between the gas and oil droplets; further separation comes from the impact of the mixture against the inside wall of the sump, where the oil droplets are collected and slide to the bottom; finally the mixture is subjected to the main separation process by flowing through the “DEMISTER” filter, where the oil droplets continuously change their velocity and direction. The oil that is separated from the refrigerant then accumulates at the bottom of the separator.
The lower the refrigerant mass flow rate, the higher the oil separation efficiency. Under the most critical conditions the oil carry-over rate is less than 2% of the refrigerant mass leaving the compressor.
2.5  Oil filter

The compressors are fitted with a high efficiency oil filter. In models SRC-S-113/133/163 this is positioned inside the compressor, and therefore to be inspected the discharge bell and the oil separator need to be removed. In the SRC-XS compressors and in the remaining models of the SRC-S series, on the other hand, the oil filter is positioned on the bottom of the crankcase, as shown in picture 2-E
, and as a result it is easily accessible from the outside of the compressor. For further details on the position, see chapter SA-08: “Dimensional drawings and packaging”.
The oil filter must always be clean to ensure correct lubrication. The cleanness condition of the filter can be checked by the pressure drop through the filter itself. Under normal conditions and with a new filter the pressure drop is lower than 0.8 bar.
When first starting the compressor, the oil filter may become clogged quite quickly if the refrigerant circuit has not been carefully cleaned.
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Picture 2‑E:  position of the oil filter in the SRC-XS and SRC-S series compressors (in models 113/133/163 the filter is located inside the oil separator) and definition of the HP-OP pressure drop across the filter;
Considering HP as the high pressure -discharge side- and OP the pressure of the oil leaving the filter, the pressure difference HP-OP represents the pressure drop across the filter.
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	Warning!
For the limit value of the pressure drop HP-OP across the oil filter at which the filter needs to be replaced, see paragraph 2.8: “lubrication monitoring”.


When the pressure drop across the filter exceeds the values indicated in paragraph 2.8, the filter is dirty and must be replaced. The compressors are fitted with a fine mesh oil filter: in some cases, then, the filter may even need to be replaced after just a few hours of operation, and in any case when the pressure drop exceeds the values shown in the above-mentioned paragraph (consequently, a spare filter should be ordered together with the compressor).
2.6 Oil heater 
The oil heater is designed to prevent the excessive dilution of refrigerant in the oil when in standstill, and must be on when the compressor is off. The heater is a tubular heating element, see picture 2-H. In The SRC-XS compressors and in the models SRC-S from 183 to 603, it is inserted in a socket made near the oil filter, see picture 2-F, while in the other three compressors SRC-S-113/133/163 it is located in a socket made in the front of the oil sump, see picture 2-G. For further details on the position, see chapter SA-08: “Dimensional drawings and packaging”.
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Picture 2‑G: position of the oil heater: models SRC-S-113/133/163;
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Picture 2‑H: Oil heater;
The characteristics of the crankcase heater are reported on table D.
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Table D: characteristics of the crankcase heater;
The oil heater must be used when the compressor is off, and in the following situations:
· when the compressor is installed outdoors (if necessary, the oil separator should be insulated);
· extended standstill periods;
· high refrigerant charge;
· risk of the refrigerant condensing inside the compressor. During standstill the compressor crankcase must have the highest temperature in the entire refrigerant circuit.
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	Warning!

Before starting up for the working season, the heater must be on for at least 24 hours before starting the compressor.


2.7 Oil level 
If the compressor is delivered with suction and discharge shut-off valves already fitted, the oil had been charged by the manufacturer. Otherwise the oil is supplied in separate cans inside the packaging, to prevent contact with the air when the compressor is installed. The standard oil charge is indicated in the table of technical data reported in chapter SA-06: “Designation of the model and technical specifications”.
In models SRC-XS-40/50/60 and SRC-S-113/133/163/255/285/305 the oil level can be checked through two sight glasses (for the position on the compressor, see picture 2-I on the next page): the top sight glass indicates the optimum level for the correct operation of the compressor, while the lower one indicates the minimum level, below the which the compressor cannot operate.
SRC-XS                               SRC-S-113/133/163
[image: image15.wmf]Lonigo - VICENZA - ITALY

 


Picture 2‑I: position of the two oil sight glasses in all the models of SRC-XS series and in models SRC-S 113/133/163/255/285/305;
In all the other SRC-S series compressors, the oil level is monitored using a single sight glass, as indicated in picture 2-L.
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Picture 2‑L: position of the oil sight glass in models SRC-S-183/213/253/303/353/413/463/503/553/603;

During operation a certain quantity of oil may migrate into the refrigerant circuit. Moreover for the SRC-S compressors a variation in the load entails also a variation in the amount of oil contained in the hydraulic cylinder which control the slide valve; consequently there may  be fluctuations in the oil level due to its flowing from and to the slide valve control cylinder. In any case, during operation the level of oil must remain visible within the sight glass.

These sight glasses also show if there is to much refrigerant diluted in the oil. In fact, this problem is highlighted by the continuous presence of foam and is caused by an excessive cooling of the oil when the additional cooling is obtained by the liquid injection (see chapter SA-11: “Additional cooling” ).
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	Warning!
· According to the type of installation and the operating conditions of the compressor (whether the oil cooling circuit is used or not, see chapter SA-11: ‘Additional cooling’), some extra oil may be needed.
· The oil level in the sight glass should be checked when the compressor is on.


2.8 Lubrication monitoring

Oil temperature monitoring 
Normally the lubrication can be indirectly monitored by checking the discharge temperature of the oil: lack of lubrication leads to an increase of that value.
Hence a temperature sensor is available (optional with the INT 69 VS module, standard with the INT 69 RCY module), to monitor the oil temperature (see chapter SA-05: ‘Electrical devices’).
Whenever this accessory is not used, a safety thermostat should be installed on the discharge pipe to switch off the compressor as the temperature reaches 120°C.
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	Warning!

The additional cooling of the oil (chapter SA-11) does not guarantee the indirect monitoring of the lubrication through the oil temperature value.


Depending on the operating conditions, however, the discharge temperature may be quite different from the alarm condition of the above-mentioned device (120°C). This occurs especially when using the R134a refrigerant.
Consequently, the delay in the increase and in reaching the critical temperature of 120°C, corresponding to insufficient lubrication, must be considered, as the correct operation of the compressor may be affected in this period. As a result, RefComp suggests further alternative methods for monitoring correct lubrication. They are described below.
a. Static pressure control.
The correct circulation of the oil is guaranteed by the fact that both the filter is clean and the compressor operates in the admissible field of operation (see chapter SA-10: “Application range”; picture 2-N shows an example).
With reference to picture 2-M
 and 2-N, to protect the compressor against insufficient lubrication, the following three pressure values need to be measured:
· The high pressure “HP”;

· The oil pressure “OP”;

· The low pressure “LP”;

and make sure that:
· The compressor works inside the application range, within 20 sec. from the starting;

· HP – OP < 3,5 bar, if the compressor works outside the area A3. 

· HP – OP < 1,5 bar, if the compressor works inside area A3.

So the level of filter lodgement is not fixed but rather depends on the operating conditions of the compressor; that is, if working inside area A3, the filter will be considered dirty when the pressure drop across the filter is greater than 1.5 bar. Outside of area A3, on the other hand, but always within the application range, the filter will be considered dirty if the pressure drop exceeds the value of 3.5 bar.
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Picture 2-N: generic application limit for series SRC-XS and SRC-S compressors;
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	Warning!

· The compressor cannot operate for more than 20 seconds outside of the conditions required by the application limits and with the oil filter dirty. After such time, the protection system have to be activated to stop the compressor;
· The differential pressure switch for monitoring the status of the oil filter must be suitable for high pressure.


b. Level control.
The oil level sensor, optical or floating depending on the models (see chapter SA-04: “Components”), can be installed to ensure that the crankcase always contains a sufficient amount of oil.
c. Flow control.
In addition, a flow switch kit is available (see chapter SA-04: “Components”) to monitor the flow of oil inside the compressor.
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	Attention!

The most reliable system is the flow control. Whenever this type of control is not used, pressure control and level control must be used together. Not combining the systems, in fact, may lead to unexpected situations that could undermine the reliability of the compressor.
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Picture � STYLEREF 1 \s �2��F: posittion of the oil heater: SRC-XS series and SRC-S series from the model 183 to the 603;
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Picture � STYLEREF 1 \s �2��M: measuring the HP, OP and LP pressure values in the SRC-XS and SRC-S series compressors;
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� This is simply a schematic drawing; refer to the dimensional drawing for each individual compressor to identify the actual position of the high and low pressure fittings and the oil filter.


� This is simply a schematic drawing; refer to the dimensional drawing for each individual compressor to identify the actual position of the pressure connections.
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