OIL DISTILLER IOM SUPPLEMENT


GENERAL

Refer to system drawings for the flow and electrical schematics.  Operators should study the schematics while they review this description.  This is a generalized operating description, and the actual oil distiller equipment may vary from these descriptions.

WARNING:
Personnel working with refrigerant and oil must wear the appropriate Personal Protective Equipment (PPE) to avoid hazard.

CAUTION:
Any oil distiller vessel that has a heater must be pre-charged with oil prior to operation.  Failure to pre-charge with oil could cause a heater burnout and electrical or fire hazard.

CAUTION:
On automatic or semi-automatic distillers, the hand valve in the liquid feed (sampling) line must be throttled to prevent excess liquid feed into the still.  Excess liquid feed is evidenced by frost buildup on the shell, excess foaming in the vessel or improper timing of sampling periods.  If excess liquid continues to feed, damage to the heater may result from excess foaming in the still.

CAUTION:
On automatic distillers, the hand valve in the high-pressure gas line must be throttled to 1 turn open to prevent excess pressure and flow through the oil still during oil recovery transfer.  Excess pressure and flow are evidenced by excess turbulence and foaming in the oil still during the pressurizing cycle.  Start with the hand valve just cracked off of the seat and adjust from there.

CAUTION:
Excessive oil recovery to the suction of the compressor may damage the compressor.  Always throttle the handvalve in the oil recovery line to a maximum of 1 turn open.  If the handvalve is a ball type valve, just crack the valve to prevent excess flow.  This applies to either pressurized or pumped oil recovery types.

CAUTION:
Do not attempt to recover oil to the suction of a screw compressor if the compressor is not operating.  This will cause an incomplete transfer of oil.  Oil logged in the compressor may cause damage on a subsequent compressor startup.

NOTE:
The liquid feed valve should be throttled so that the heater is energized 75% of the time and the sampling valve is open 25% of the time.

NOTE:
The heater thermostat should be set for approximately 100°F (38°C) to 120°F (49°C).

NOTE:
The operating deadband of the oil level switch on automated oil distillers may result in excessive oil level in the separator during oil recovery cycle.  Adjust the switch deadband as necessary to prevent overfilling the separator.

The oil in a refrigeration system may contain a large amount of refrigerant gas in solution.  For volatile organic compounds (VOC), EPA requires a reduction in pressure prior to an oil change so that the bulk of the refrigerant is recovered.  The maximum pressure allowed is 5 PSIG.  This greatly reduces the refrigerant emissions while still allowing a slight positive pressure to force the oil from the unit.

There are two acceptable procedures to assure recovery of refrigerant:

1. Evacuate (or pressurize) the refrigeration system, or isolated portion, to a pressure no higher than 5 PSIG and then remove the oil; or

2. Drain the oil into a system receiver to be evacuated (or pressurized) to a pressure no higher than 5 PSIG.

These procedures minimize the loss of refrigerant from: a) the oil; b) the interior of the refrigeration system as the oil comes out.  EPA allows a slight positive pressure to help expel the oil.

OIL STILL FUNCTION

An oil still system is used to recover oil from one or more parts of a refrigeration system where the oil may adversely affect the operation and performance of the system. Oil behaves differently in different refrigerants at different temperatures.

In ammonia systems, oil settles to the bottom of vessels as it is heavier than the refrigerant and not soluble in the refrigerant. Oil in ammonia systems can usually be drained from the bottom of level columns and vessels.

NOTE:
Oil analysis should be done periodically on all refrigeration systems.  Oil acts as a scavenger in ammonia systems and contaminants tend to concentrate in an oil still.  When automatic distillers are used on ammonia systems, it is recommended that oil analyses are conducted at least every three months to make sure that products of chemical reactions within the system are not contaminating the oil supply.  The oil should be taken from the separator and the analysis should target water content, acid number and suspended solids.

In halocarbon systems oil behaves differently.  In some halocarbons, oil is miscible in the refrigerant and freely mixes with the refrigerant rather than settling to the bottom of refrigerant filled vessels. The behavior of oil in halocarbons will vary with temperature and the refrigerant.  Where the oil is totally or partially miscible, the resultant mixture may be uniform. In some cases the oil may stratify on the surface or just below the surface of the refrigerant pool. Occasionally, more than one layer of oil rich refrigerant can occur. Where the stratification of the oil rich layer occurs can also vary with temperature as the density of the oil and the refrigerant changes.

Oil fouling of evaporators can adversely affect performance by inhibiting the evaporation of the refrigerant at the heat exchange surface. Oil rich refrigerant may also be slow to release vapor from the heat exchange surface and my result in foaming or the creation of a vapor liquid mixture. The oil may also serve as an insulator. Oil in float trees or level columns can cause erratic or total loss of level control, this is particularly true of oil in ammonia systems where the oil can block the bottom equalizing connections of float trees preventing the floats from properly reading the liquid level. Because oil becomes more viscous as temperature drops, at low temperatures, the oil may form a semi-solid plug blocking float tree equalizing lines.

TYPES OF OIL STILLS—OIL POT 

[image: image1.png]SAMPLE FROM (o)
EVAPORATOR 5= FLLVALVE

HIGH
PRESSURE

EQUALIZING
VALVE

T0 N DRAIN VALVE
COMPRESSOR

N
(WHEN APPLICABLE) OlL RECOVERY

VALVE



Oil stills may vary in design and function. The simplest still is the oil collection pot. An oil pot consists of a fill connection and a drain valve.  The simple oil pot requires manual operation. The oil pot can be batch filled or simply left open to the vessel it services. Oil and liquid refrigerant drain down the fill line into the pot. The pot is uninsulated to permit ambient temperatures to evaporate the liquid refrigerant leaving the oil behind. As the oil pot fills the frost level will disappear from the bottom of the vessel since oil prevents liquid refrigerant from rapidly absorbing heat from the sides of the vessel. Many days or weeks may be required to fill the pot to the point it requires draining. How fast the pot fills is a function of how much oil is being delivered to the evaporator.  Batch filling the pot is recommended as this practice prevents excessive frost buildup on the oil pot. The pot is filled by opening the fill valve until the oil pot frosts up. When the pot is full, the fill valve is closed to allow the liquid refrigerant to evaporate. The refrigerant vapors will rise up the equalizing line and return to the evaporator. When the pot has warmed up the process can be repeated. As the oil level rises in the pot less and less of the vessel will frost when filled. When the oil pot is about ¾ full, the oil is drained.

NOTE:
The handling and recovery of many refrigerants are restricted by EPA regulations.  Use the appropriate recovery equipment and procedures when decanting oil from systems containing volatile gases.

NOTE:
Dispose of oil using the appropriate equipment in accordance with local regulations.

To drain the oil pot in low-pressure ammonia systems, or systems utilizing non-regulated fluids, a small amount of liquid may be drained into the pot prior to isolating the equalizing connection. As the liquid refrigerant evaporates the pressure will build allowing the oil to be forced out of the oil pot.  To drain oil from systems containing regulated volatile organic compounds (VOC), decant oil to an evacuated vessel or appropriate recovery device.
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Care must be taken when operating an oil pot. If the oil pot is completely filled with liquid refrigerant and is isolated from the evaporator, tremendous pressures can result from liquid expansion as the liquid warms. It is for this reason that oil pots will usually have an atmospheric relief valve to protect the pot. Some vessels specifically designed to function as an oil pot or oil still are designed so they cannot be completely filled. This is accomplished by dropping the equalizing line down into the vessel two to three inches. Once the level in the oil pot rises to the bottom of the fill pipe the vessel will theoretically not accept anymore liquid. 

TYPES OF OIL STILLS—MANUAL OIL STILL
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The manual oil still is similar to the oil pot, except that it uses an immersion heater to provide the heat necessary to vaporize the refrigerant sample from the evaporator. For manual oil distillers, the need for oil distillation and recovery will be indicated by the amount of oil loss from the compressor(s).  A refrigerant sample is introduced into the still by opening the fill valve until the level in still reaches the middle of the top sight glass, or until foaming threatens to obscure oil level. When enough sample has been added, the fill valve is closed to allow the liquid refrigerant to evaporate. The oil still should always be warm to the touch.  Never add so much sample that the oil still becomes cold.  The equalizing valve is left open, so the refrigerant vapors will rise up the equalizing line and return to the evaporator. When the still has warmed, and the sight glasses are relatively clear of foam, the sampling process can be repeated. Over time, this process of manually adding sample and then boiling off the refrigerant will cause the oil level to rise in the still. When the oil reaches the middle of the top sight glass, the oil is either eliminated or recovered (harvested) depending on the design requirements.  If the system was designed to allow recovery of the oil to the compressor, refer to the OIL RETURN PROCEDURE later in this supplement. 

TYPES OF OIL STILLS—SEMI-AUTOMATIC OIL STILL

Refer to Figure 3.  The semi-automatic oil still is similar to a manual oil still, but automates the batch cycle to relieve the operator of the responsibility to periodically fill the oil still. The semi-automatic system, however, does not drain oil from the pot. The system is automated by the addition of a float switch and a thermostat and one or more solenoid valves.  The still operates as follows:

1. If the oil heater thermostat de-energizes the heater, the fill solenoid is energized.  The only reason this happens is because the oil still is hot. 

2. As refrigerant liquid and oil enter the oil still, the oil is rapidly cooled below thew thermostat set point, usually 100°F (38°C). The oil heater turns on because the temperature is low and the feed solenoid valve is de energized.

3. Once all of the refrigerant is boiled off, the oil temperature rises to the setpoint of the thermostat, and the cycle begins again.

4. The cycle repeats itself until the circuit is de-energized. The still must be manually drained.

The semi-automatic still is illustrated below.  Refer to the section above regarding oil pots and decanting of oil. The semi-automatic oil still may include piping for manual oil recovery to the compressor.  If so, refer to the OIL RETURN PROCEDURE later in this supplement. Refer to the general cautions starting on page 1.
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TYPES OF OIL STILLS—AUTOMATIC OIL STILL

Refer to Figure 4.  The automatic oil still works like the semi-automatic still with the exception that once a float switch (LS) is satisfied and the oil temperature is warm the still will transfer oil back to the compressor. Two added features are introduced into the logic. Once the float is satisfied (level high) and the oil is warm the fill and equalization solenoids close and the oil to the compressor solenoid and the high pressure gas solenoid open. High-pressure refrigerant gas is used to move the oil to the compressor until the float opens. Refer to the general cautions starting on page 1.  The high pressure gas and the oil recovery handvalves must be throttled for safe and proper operation.  When the float opens the solenoids reverse their action and the system begins sampling once again.
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There are a number of variations of the automatic oil still. Instead of hot gas a small transfer pump can be used. In some instances a timer may be used to time the transfer rather than depend on the narrow range of float switch operation. Multiple sampling points can be cycled through or one still may be used to transfer oil to different compressors or whichever compressor is in need of oil. The control system can be as simple as a couple of relays to a sophisticated PLC control depending on the complexity of the application.

The oil distiller vessel may be relatively large compared to the compressor oil separator.  During oil recovery, the oil level must traverse from high setting through the low setting (deadband) of the switch before the cycle is completed.  If this deadband is 2”, and the oil still is 12” diameter x 4’ long, then the amount of oil transferred to the separator will be about 5 gallons.  Depending on the operating level in the oil still prior to recovery, the oil level after transfer may be above the separator top sight glass.  The amount of oil transferred may be modified by adjusting the deadband of the oil switch.  Decreasing the deadband will decrease the amount of oil transferred.  Refer to the oil switch manufacturer’s instructions regarding adjustment.

SAMPLING POINTS
An oil pot or oil still can sample one or more points. As a rule only one point should be sampled at a time as pressures and elevations will vary between points. It is important in manual or semiautomatic stills that have multiple points to establish a routine of rotating sampling points where multiple points are provided. The operator will find, with experience, that some points yield more oil return than other points. The frequency and duration of sampling from different points can be adjusted to provide the best results. 

On flooded evaporators with miscible or semi-miscible oils, two or more sampling points are usually provided at different levels. The sampling points are provided at three elevations because an oil rich refrigerant layer will develop near the surface as gas is released and oil is left behind.  In some cases the oil concentrations will vary in different layers depending on the refrigerant, the oil used, and the temperature of the refrigerant. Although one connection may yield the most oil rich sample, experience shows that the best operation results when all three connections are fully open and the sample is throttled at the oil fill valve (refer to Figures 2, 3 & 4). There are several reasons for this.  The operating levels or conditions will change with load, and the optimum sampling point will change. Also, the three open connections tend to facilitate venting and draining in the network, which optimizes oil return.

In accumulator vessels (thermosyphon evaporators or suction traps) in systems with highly miscible oil, the refrigerant and oil combination may not stratify and one sampling point should be used.

OIL RETURN PROCEDURE (MANUAL OR SEMI AUTOMATIC OIL STILLS):

NOTE:
Oil should be returned to the compressor only if 1) the system is so designed, and 2) oil testing (chemical, physical) has determined that the oil is of sufficient quality that it will not damage the refrigerant system.  For more information regarding oil testing, contact your YORK Service representative.

It may become necessary to return oil from the oil still to the compressor package(s) periodically.   For manual and semi-automatic systems so designed, this is a manual process, using high-pressure refrigerant vapor to pressurize the oil distiller vessel and push the recovered oil back to the suction connection of the compressor(s).

Simultaneous high level in the oil distiller vessel, absence of foaming, and warm oil temperature indicates a need to return oil to the compressor package(s).  For the purposes of this discussion, “high level” in the oil distiller means a level above the center of the upper sight glass and “high temperature” means a temperature high enough to cause the oil distiller heater to cycle off. Although it is difficult to predict how often oil may need to be returned to the compressor package(s), it is suggested that the oil distiller be checked every two days initially.

CAUTION:
It may not be possible to distinguish between oil and liquid refrigerant when looking into the sight glasses on the oil distiller vessel.  If the oil distiller temperature is high enough to cause the heater to cycle off, you can be assured that the vessel contains oil and not liquid refrigerant.  Returning liquid refrigerant to the compressor can damage the compressor and cause other operating problems.

Refer to valve designations in Figure 2.  The procedure is the same for the semi-automatic oil still.

1. Close the fill valve (1) and the equalizing valve (2) to isolate the oil distiller vessel from the evaporator.

2. Make sure the oil still is warm to the touch.   If there is an indicator light, wait until the oil heater cycles off.  On semi-automatic oil stills, the automatic fill valve will open when the heater cycles off.  (Refer to the job wiring/logic diagrams in Section 12 of this manual.)

3. Slowly crack open the pressurizing valve (4) to permit high-pressure refrigerant vapor from the high side of the system to enter the oil still.  

4. When the oil distiller pressure is sufficiently higher than the compressor suction pressure, close the pressurizing valve.  The pressure needed to push enough oil out of the oil still will vary from system to system.  In general, the pressure may be as high as the compressor discharge pressure, or as low as 30 PSI (2 BAR) above the compressor suction pressure.   Use only as much pressure as is needed to push enough oil from the still.  This will be evident later in this description. 

NOTE:
If the oil still is connected to multiple compressors, it may be necessary to manually select the target compressor for oil recovery.  

6. Slowly open the oil recovery valve (3) no more than one full turn, or as needed, to allow oil to flow from the oil still vessel to the compressor in a controlled manner.

CAUTION:
Make sure that oil is being drained from the recovery connection on the oil still, and NOT the drain connection.  This will keep the oil heater element submerged and prevent damaging the heater, oil charge, or the oil still itself.  Exposing the heater element could create a hazardous condition.

7. Observe the oil level in the distiller sight glasses.  It should slowly drop until it reaches a point about ½” (12mm) above the center of the lower sight glass.  When the oil level reaches this point, the pressurizing vapor will escape to the compressor suction and the oil level will not decrease further.  

8. Close the oil recovery valve.

9. Slowly open the equalizing valve fully.  This is when it is important not to have used excessive pressure to transfer the oil.  When the pressure is now reduced significantly, foaming may occur.  If the still has been pressurized for several minutes and the pressure is reduced significantly, excessive foaming may occur.  If this happens, reduce the pressure very slowly to make sure that the oil heater is still submerged by oil.

10. In the case of a semi-automatic oil still, slowly open fill valve so that sampling can occur when the automatic sampling valve opens.  Leave this valve throttled as described above to prevent excessive oil foaming.

This completes the oil return process.  The oil distiller will now return to the automated, batch distillation process. 

TROUBLESHOOTING THE OIL STILL
If the oil still does not function properly from start up, check the location of the float switch. If the float switch has been installed too low it may never satisfy the switch at its low setting and it may never close during the recovery cycle.  This will result in indefinite hot gas bypass through the oil still, possibly upsetting the system operation.  If the float switch is mounted too high, the still may never satisfy the float switch at its high setting.  This will prevent the oil recovery mode from ever occurring.

If the still does not sample or transfer it is possible the heater is burned out or has blown a fuse. The still will eventually fill and the float switch will make but the oil still will never transition to recovery mode.  This is indicated if the still is cold, sweating or frosted.

If a solenoid fails, the still may not sample or may not transfer depending on which solenoid has failed. Occasionally, hot gas may be observed to flow back the equalizing line. Solenoids only hold in one direction and when the flow reverses some leakage back may be observed. This small amount of leakage does not have any serious effect on the operation of the system or the still.

If the oil still is frosted up, it is not working correctly.  The heater should be keeping the temperature within 10 to 20 degrees of the thermostat setpoint.  If the still is frosted, it is likely that one or more solenoid valves are malfunctioning.  They may be scored, hanging up, fouled with particulate contamination or very viscous oil.
Figure 3 – Semi-Automatic Oil Still
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Figure 1 – Oil Pot





Figure 4 – Automatic Oil Still





Figure 2 - Manual Oil Still
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