
REFRIGERATION COMPRESSORS.

   Our objective in this booklet is to familiarise you with some detail of 
refrigeration compressors, as may be employed either in the Air Conditioning or 
Refrigeration Industries.
   The primary workhorse of the Industry, since its inception, has been the 

RECIPROCATING COMPRESSOR. An example is illustrated in Fig. 1. In 

A RECIPROCATING COMPRESSOR.
Fig. 1

concept, it is not at all unlike a motor car 
engine. The difference is that, while a car 
engine burns fuel in order to provide work, in 
the case of a refrigeration compressor, energy 
is fed into the crankshaft and is added to the 
working fluid, the refrigerant, as work, in 
order to drive a process. That process is 
specifically the bringing about the compres-
sion of the refrigerant.
   The purpose of this is found in the fact that 
the refrigerant, in performing its prime 
function of providing cooling, evaporates 
into being a cold vapour.

   This cold vapour has no capability 
of providing further refrigeration 
effect until such time as it has been 
returned to the liquid state, which is 
achieved by the process of conden-
sation. This process can only be 
performed at a higher pressure. 
Hence the need for a compressor.
   In Fig. 2, the low pressure suction 
line, carrying the cold, ‘spent’ vapour 
has been coloured blue, signifying 
that it would be cold to the touch. 
The process of compression essen-
tially “compacts the heat”, driving up 
the temperature of the discharge vapour. (i.e. Increasing the temperature of the 
heat.) There can be cases when the hot gas line, as this discharge line is 
commonly termed, shown in pink on Fig. 2, can even be hot enough to give a 
painful burn. This allows achievement of condensation at warm temperatures.
   Further external evidence indicating that compression has taken place is found 
in the relative sizing of the suction line (the common term for the line carrying 
the cold, low pressure vapour to the compressor) and the hot gas line. The hot 
gas line is smaller in diameter, as the gas flow it must accommodate has been 
substantially compressed, therefore requiring less ‘flow’ space.

OUR APPROACH
   Our approach will be to provide a reasonable discussion of a typical 
reciprocating compressor plus an amount of support detail, so as to provide 
general system knowledge. Thereafter we will describe the remainder of the

EVIDENCE OF WORK ADDED.

Entering vapour, before work has been 
added, is the low pressure (suction) line
is COLD; the compressed delivered vapour,
reflecting the work of compression, is HOT
to the touch.

Fig. 2

Motor.

Compressor.



other common compressor types. This we intend will serve to familiarise you 
with some of the alternative compressor kinds you could well encounter.

EXTENDING OUR ‘RECIPROCATING COMPRESSOR” DISCUSSION:
  Reciprocating type compressors have been the backbone of the Refrigeration 

   The subject compressor (Fig. 5, left) is a single cylinder example of a rather 
common variant of this family. The inclusion of a valve plate and reed valves is 
what places this example into a ‘common pattern of reciprocating compressor’ 
category. Later we will look at the more refined (and costly) ring valve approach. 
A cycle of operation of this present machine type has been illustrated on Fig. 6.

industry since the beginning, plus 
being with the Air Conditioning 
industry since its inception. In Fig. 3 
we see an example from the late 
nineteenth century of a compressor of 
that era. There is a strong possibility 
that this was a modified stationary 
steam engine of the period.

   REED VALVES (see examples in Fig. 5) are of spring steel, and they are con-
figured to flex open at the times when an appropriate pressure differential is being 
applied across the 
specific reed.
   To prevent the deliv-
ery reeds from flexing 
too far, resulting in de-
formation or breakage, 
they are backed by 
shaped metal stops, 
(Fig. 4) which limit the 
extent of their opening.

Valve plate.

Discharge
valve reed.

Suction
valve reed.

Suction line. Hot gas line.

A VALVE PLATE
(THIS FOR A CYLINDER HEAD 

WHICH CONTAINS TWO PISTONS.)

Crankcase. Crankshaft.

Piston.

Cylinder.

RUDIMENTS OF A RECIPROCATING COMPRESSOR. Fig. 5

Examples of valve reeds.

Valve stop.

Downstroke:
Suct. valve
opens.

Upstroke:
Del. valve
opens.

Cylinder head casting.

The valves are of spring steel. They flex according to the 
pressure differentials currently being placed upon them.

REED VALVE OPERATION. Fig. 4

Valve plate.
Suction

port.

Delivery
port.

A VERY EARLY RECIPROCATING
Fig. 3REFRIGERATION COMPRESSOR.

There are “ordinary” reciprocating compressors, and there are “top shelf” reciprocating
compressors. We will consider some of the defining design differences.
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1.

2.

3.

4.

5.

6.

7.

8.

The compressor, with its cylinder presently filled with low pressure vapour, 
has its piston just commencing an upstroke.

The vapour increases in pressure and therefore in temperature.

The point has been reached where the cylinder pressure sufficiently exceeds 
hot gas line pressure for the delivery reed valve to be pressed open. 
Delivery of hot gas vapour commences.

Delivery of hot, compressed vapour proceeds until the piston reaches “top 
dead centre”. Note that a small clearance gap must remain at TDC, to 
ensure the compressor doesn’t smash itself. This gap has consequences!

The piston commences its downstroke. Initially, gas present in the clearance 
volume expands. (Thus as yet preventing any intake of “new” vapour.)

Only when the piston has been retracted further down the cylinder bore, 
will the pressure inside the cylinder fall to below pressure of the suction 
vapour. The suction valve reed will be drawn open. Only now will intake of 
“new” suction vapour commence. N.B. The greater the discharge pressure, 
the more the re-expansion and the greater the resulting capacity reduction.

The piston approaches bottom dead centre. At about here, pressures in the 
cylinder and suction line will equalise, allowing the suction valve to again 
relax into its normal ‘closed’ position.

Once the crank has moved past bottom dead centre, and with the suction 
valve now being closed, the new vapour plus carry-over from the clearance 
volume will be taken into the next compression cycle.

1. 2. 3. 4.

5.6.7.8.

RECIPROCATING COMPRESSOR OPERATION. Fig.6

.
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LIQUID SLUGGING. A fairly common 
cause of severe reciprocating compressor 
failure is ingress of liquid (liquid refrigerant, 
oil, or a mixture of both) entering the cylinders 
when the machine is in operation. Immediately 
after a start after an cold weather 
“off” period is a particularly vulnerable time. 
Vapour is compressible, and is exactly what 
these machines are designed to handle. 

overnight IMAGINED BREAKUP SCENE,
WHEN LIQUID ENTERS AN

OPERATING COMPRESSOR.
Fig. 7

   Fig. 7 is something of a cartoon, to assist you in visualising what could happen 
were a slug of liquid to be dragged into a cylinder of a compressor. Liquid is 
non-compressible, is dense and is greatly more viscous than vapour. Towards the 
end of the upstroke, any liquid which might have entered the cylinder would ride 
up on the crown of the piston. Immediately it hit the cylinder head, there would 
be nowhere for it to go. It would act as a battering ram.
   Serious, if not terminal damage would be a major likelihood. It is up to the 
user to take objective steps (crankcase heater, etc.) to preclude “liquid” events. 
For the price of an accident could well be a smashed compressor, and failing 
stock if the application is a cold room or freezer room application. The (more 
costly) reciprocating variants contain design enhancements that allow for 
occasional liquid ‘incidents’ to be safely  accommodated. A first change is the 
valve plate and reed valve arrangement is replaced by a ring valve setup.

RECIPROCATING COMPRESSORS THAT ARE MORE “TOP SHELF”.

   An example has been provided in Fig. 8. Components have been identified:

Suction ring valve.

Delivery ring valve.

Tiny coil springs in compression. 
(Often 6 of these, equi-spaced, 
pressing down on each ring.)

Major coil spring, in compression, 
holding delivery valve assembly in 
position.

The delivery valve assembly, 
which is retained in position only 
by downward spring force.

Cast iron piston.

Cast iron connecting rod.

Wrist pin.

Cylinder liner.

1.

2.

3.

4.

5.

6.

7.

8.

9.

A RING VALVE.

1.

2.

6.

7.

8.

3.

4. Delivery.
(Hot gas.)

5.

.noitcu
S

.noitcu
S

9.

10.

RING VALVE APPLICATION. Fig. 8
PISTON AND   VALVE DETAIL.
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   Picture the severe smash-up of the situation described in ‘cartoon’ fashion in 
Fig. 7. That all came about because the molecules of (incompressible) liquid 
were unable to rearrange themselves quickly enough to displace and pass through 
the constraints of the delivery valve without the creation of forces irresistible to 
the compressor. Hence the break-up. (Liquid in a crankcase at start is always bad. 
But detailed information belongs in a specialised application manual.)
   Given the refinements of a pattern of design such as shown in Fig. 8, the event 
of liquid suddenly appearing, sitting on top of the piston, would provide a burst 
of force against the delivery valve assembly. But, as this is held down purely by a 
hefty spring, it is able to rapidly lift. This allows displacement of the offending 
liquid into the cylinder head. Liquid refrigerant promptly boils off in this hot 
region. Any oil which is present is dispersed onto the inner walls of the hot gas 
line, and starts its dragging onward motion through the system before returning 
to the crankcase. We must point out that this last statement is confined to systems 
with halocarbon refrigerants. A more complex situation applies for ammonia.

OPEN AND CLOSED COMPRESSORS.
The earliest compressors were driven by open motors. Indeed, because of 
aggressiveness by ammonia toward copper and its alloys, ammonia systems 
must always be driven by open motors. i.e. Motors which freely stand in the air. 
Two examples of open compressors have been illustrated in Fig. 9.

This compressor, working on a halocarbon 
refrigerant, is direct-driven by an externally 
mounted totally enclosed motor.

This compressor is on ammonia service.
It is belt-driven by a TEFC motor.

Note oil separator, required for ammonia service.

OPEN DRIVE RECIPROCATING COMPRESSORS. Fig. 9

   The earliest refrigeration systems had used noxious refrigerants, such as 
sulphur dioxide, and of course that excellent refrigerant, ammonia. But some 
eighty or so years back, the halocarbon refrigerants were invented. These were 
almost odourless, and in low concentrations 
were considered safe regarding accidental 
human exposure. It was realised that the 
safety of the halocarbons extended to being 
able to provide a dry, clean and non-
aggressive atmosphere, in which an electric 
motor could be advantageously operated.
   This idea was developed, (Fig. 10) and has 
been extensively applied. IF refrigerant is 
kept dry, and if compressor operation is kept HERMETIC RECIP. COMPRESSOR.

Fig. 10

Note comprehensive pressurised lube system.
This is absent from more basic compressors.
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at an acceptable working temperature, the strong cooling effect provided to the 
motor, bathed as it is in a stream of clean, cold and dry vapour allows for this to 
be built using considerably less copper. Furthermore, the need for a robustly stiff 
and accurately manufactured machine base and a costly drive coupling is 
eliminated, and with it the demands for precision motor alignment.
   Where hermetics fall down is usually through no fault of their own. When 
there is shoddy workmanship, proper evacuation procedures have been ignored, 
improper control system design and/or setting results in excessive short cycling 
of the motor, this all leads to refrigerant and oil deterioration, in the form of 
chemical breakdown and carbonisation of the oil. This is potentially catastrophic.

A SAFE OPERATING ENVELOPE. Fig. 11

   Manufacturers’ publish 
‘operating envelopes’ for various 
combinations of 
refrigerants. (See Fig. 11 for an 
example.)  It is up to the operator 
to ensure that operation remains 
essentially within the appropriate 
envelope. If it tends to move 
outside the safe limits, the reason 
should be vigorously sought, and 
then remedied. The majority of 
compressor failures could 

compressors and 

probably be traced back to improper attention to this critical detail.

N.B. This information is for a specific machine.

OTHER COMPRESSOR TYPES.
   

Our first example of ‘other types’ of compressor will be the ROTARY 
COMPRESSOR, common in small splits. An illustration appears as Fig. 12.

This discussion on the very well known and widely applied reciprocating 
compressors has contained a substantial amount of application detail. 
This extent of detail will not be repeated for the other compressor types.

The compressor is placed
horizontally, beneath the motor.

Rotor.

Stator.

Suction accumulator.

The compressor, as shown here,
is being viewed from above.

Drive shaft, connecting
downward from the motor.

A circular cam, keyed
to the motor shaft.

A rolling sleve
covers the cam.

A spring-loaded slide rides on 
the rolling sleeve, compartmental-
ising suction from delivery, 
inside the compressor.

A reed-type delivery check valve.
Suction intake.

THE INTERNALS OF A ROTARY COMPRESSOR. Fig. 12

Hot gas takes passage
up through the motor.
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Suction intake completes.

Rolling sleeve pinches off.

Spring-loaded slide partitions
off delivery from suction side.

Vapour steadily compresses.

Further suction vapour is 
drawn into the cylinder.

Check valve is pushed
open once chamber 
pressure exceeds pressure
in compressor shell.

Delivery
commences.

STAGES OF COMPRESSION IN A ROTARY COMPRESSOR. Fig. 13

1. 2. 3. 4.

   Fig. 13 provides four ‘freeze shots’ of rotary compressor operating stages.

The cylinder has filled with cold suction vapour, and the rolling sleeve has 
nipped off the suction entry port. The cold vapour is now trapped, isolated in 
the cylinder.

As the rolling sleeve advances, the partitioning slide rubs on the surface of 
the rolling sleeve. Vapour is thus unable to bypass this partitioning slide. 
Therefore, as rotation proceeds, the entrapped pocket of vapour becomes 
contained in an ever-decreasing volume. It becomes compressed. Note that 
the suction port has again become exposed to the cylinder. A new charge of 
vapour is free to enter. It proceeds to do just this.

As rotation proceeds, the entrapped delivery pocket vapour continues to be 
squeezed, causing compression. The volume of the pocket positioned on the 
suction side progressively grows, drawing in more and more suction vapour.

Pressure of the compressed gas pocket has risen to be greater than the 
pressure within the casing. This differential now drives the reed type check 
valve open, and a pulse of hot, pressurised gas is delivered to the shell.

1.

2.

3.

4.

   The left side image of Fig. 14 provides us with a cut through the discharge port 
of the compressor proper, and through the check valve. Note the valve stop, so 
provided to ensure that the reed does not flex too far, thereby preventing

Suction entry.

Valve reed.

Valve stop.

Compressor.

Hot gas path.

Delivery check valve.

Inside the head of the compressor
casing, hot gas, now also containing 
motor heat,  enters the hot gas line.

GAS PASSAGE THROUGH A ROTARY COMPRESSOR. Fig. 14

Discharge port.
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breakage of the reed. The right side image provides a cut-away which permits us 
to see inside the unit above the top of the motor, and to observe the copper entry 
stub which leads to the hot gas line.
   If you are familiar with certain issues of hydraulics, you will know that having 
an unflared stub is not the best way to minimise losses at the entry. But, overall, 
this is “best way to go” concerning limiting entry of oil, as we shall consider.

1. Pulsations muffling: From Fig. 13, you would have worked out that gas 
delivery comes in brief, rapid bursts. This is “ready made” to cause great noise 
in the hot gas line and sound emissions from the condenser. But this chosen 
discharge route forms an excellent muffler. Even the compressor casing, being in 
the nature of a welded cylinder of 3 mm steel, will provide far more 

 ‘sound breakout’ than would any ordinary motor car exhaust muffler.

2. Oil separation: When we look at the metal onto metal contacting surfaces, 
and the function of the rolling sleeve in Fig. 13, it becomes plain that this 
compressor must be literally ‘dripping in oil’ to enable proper operation. A 
great amount of oil will accompany the hot compressed gas as this bursts out 
through the delivery port and across the check valve. If allowed into the heat 
exchangers of the system, this oil would provide a thick, unwanted blanket of 
thermal insulation. Apart from this, there would be serious migration of oil away 
from the sump, where it is required to be in order to do its job. 
   As the refrigerant moves upward through the motor, much of it would be spun 
by the rotor. This acts like a spin dryer at home. But now it is oil being separated 
from the gas stream. Even a flared entry to the hot gas line would conterproduct-
ively encourage oil which might have made it thus far to enter the hot gas line. 
The sharp entry will minimise, to the absolute smallest amount possible, the 
entry of compressor oil carryover into the piping system.

protection 
against

kept 

The Scroll Compressor. 
Our next compressor type for consideration is the scroll compressor. This 
depends on application of orbital motion. It is easy to become confused in 
picturing just what is intended by the term ‘orbital motion’. 

“ORBITAL
MOTION”.

Fig. 15

   We need be very clear on that issue. This young fellow in 
Fig. 15 is helping his dad by sifting some gravel. He is 
turning the sieve in a special way. Note that the edges of the 
sieve are not moving in his hands. For comparison, think of 
what would take place if there was a car, jacked up in the 
garage, and its engine was running and the driven wheels 
were turning. If he was foolish enough to grab one of those 
wheels in this way, he would get the most terrible friction 
burns on the palms of his hands!
   That would have been an example of rotary motion. Right 
now, that is not we are after. The exact motion the lad is 
performing is orbital motion. It is this motion we need to link 

into an understanding of functioning of a scroll compressor. We thank the young 
fellow for his demonstration, and will leave him in peace.
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   In Fig. 16 we see a scroll pair. Note their opposite handing. This allows for the 
matched pair to be entered, one into the other.

Fixed scroll.

Orbiting scroll.

Vapour

intake.V
ap

ou
r

in
ta

ke
.

Hot gas delivery.

Note eccentric
shaft stub.

Upper bearing.

DIAGRAMMATIC.                      Orbiting scroll.        CUTAWAY.

Fixed scroll. Check valve.

DETAIL OF A MESHED SCROLL PAIR. Fig. 17.

   Fig. 17 concentrates on the detail of a meshed scroll pair. Note that the scrolls 
are of precisely the same height from base to tip, and they are held under a 
spring loading arrangement cause firm contact of their tips into the smooth 
machined inner backing of the opposite scroll. Much oil is required here.
   In the ‘diagrammatic’ component on the left of Fig. 17, you will see the 

Fixed scroll.

Orbiting scroll.

Present contact

points. (4
 off).

THE CONTACTING POINTS

Fig. 18

eccentric shaft extension, which enters into 
the bearing socket of the orbiting scroll 
member. It doesn’t take much imagination 
from this point to understand how the crit-
ical orbital motion is generated.
   The orbiting motion of the moving scroll 
has it that close contact is made at four 
points between scroll and scroll. (Fig. 18.) 
This set of four contact points is contin-
ually shuffled around as orbital motion 
proceeds. Function is dependent on this.

“Refrigeration Compressors” Page 9.

FIXED SCROLL. ORBITING SCROLL.

A MATCHING SCROLL PAIR. Fig. 16



1. 2. 3. 4. 5. 6.

THE SCROLL COMPRESSION CYCLE. Fig. 19

   In Fig. 19, we see six stages of operation. Note that the contact points to which 
attention was drawn in Fig. 18, here are shuffling round, due to the orbital 
motion of the moving scroll. This arrangement, combined with the scroll tips 
sealing against the opposite face, forms a number of compartments, all of which 
chase one another inward, in a spiral manner, becoming ever-tighter as they go. 

The scroll extremities are open. This exposes them to receiving suction 
vapour. Vapour rushes inward, filling the presently available spaces.

The tips have nipped closed through two of the orbiting contact points 
having reached their positions. Suction vapour is thus entrapped. Note how 
there are now are separate pinch points which lead and trail the two pockets 
we have just identified, serving to entrap them. (Plus others, too.)

The pockets we are watching have now been spiralled inward somewhat, 
and have also become smaller. The vapour is becoming compressed.

The two pockets are converging on one another as they spiral inward, and 
all along increasing in pressure as they are squeezed ever-tighter in volume.

The pockets have now been spiralled inward to the point where they have 
combined and the discharge port has become exposed to them. The high 
pressure now prevailing is sufficient to deliver compressed vapour into the 
delivery chamber at the head of the unit. (Fig. 20.)

The combined pocket size continues to reduce in volume, expelling 
practically all its content of gas.

1.

2.

3.

4.

5.

6.

The discharge port is the target.
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1. Suction vapour enters, travels
upward inside the shell, cooling
the motor.

2. Suction vapour becomes
available to the scroll intakes.

3. Hot gas is delivered through the 
central port in the fixed impeller,
and into the top chamber. It passes 
through the hot gas line entry connection.

Compressor.

Stator.

Sump. (A scoop
arrangement delivers
oil to the upper parts
of the compressor.)

Rotor.

A COMMON PATTERN OF SCROLL COMPRESSOR. Fig. 20



Fig. 21

A SCROLL WATER CHILLER.

This is one of four scroll compressors
that serve this water chiller.

   Illustrated in Fig. 21 we see a packaged 
water chiller that incorporates a number 
of scroll compressors. By and large, 
scroll compressors do not incorporate 
capacity control. Fig. 21 indicates a 
machine which adopts a popular 
approach, in which multiple compressors 
are installed. Capacity control is achieved 
by the control system cycling a varying 
number of compressors into and out of 
operation, so as to almost constantly 
maintain the leaving water temperature. 

   In other cases, machines are capacity controlled by application of an inverter. 
The system designer would select scroll compressors that have been specifically 
designed for inverter speed control. 
   Scroll compressors are rapidly taking a 
hold of a large section of the market that 
was previously dominated by reciprocating 
compressors. The example in Fig. 22 
shows a packaged air conditioner, 
designed expressly for computer room 
application, that has been equipped with 
two scroll compressors.
   Many contractors now are replacing 
failed reciprocating compressors on built-
up plants with scroll compressors, and 
report being satisfied with the results, 
which they state to be more reliable than 
when replacement is made with another 
reciprocating machine.

   Capacity Control. As mentioned, scroll 

compressors are not directly suited for capacity control. Suitable designs of 
machines may be speed-controlled by inverters. (Equipment which alters the 
standard 50 hertz frequency of the electrical supply.) One manufacturer does 
offer an alternative, which that manufacturer claims does as good a job as an 
inverter but more reliably and more economically so. This is the so-called 
‘Digital scroll’. The manufacturer states that capacity may be seamlessly varied 
between 10%  to 100% of rated capacity. No compressor of any type may be 
operated down to zero capacity, for there must always be a flow of cooling 
vapour to remove the heat produced by operation. It is not possible for this to 
drop to zero (or even very close) in an operating machine, irrespective of to how 
small the load might be.
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   Completely unlike that of a rotary compressor, hot gas delivery from a scroll 
type compressor is as an almost pulse-free, practically continuous stream.

A COMPUTER ROOM-TYPE
AIR CONDITIONER WITH 

SCROLL COMPRESSORS.
Fig. 22



   The Digital Scroll™ (Fig. 23) is an arrangement whereby a pilot system, 
utilising a nominal amount of hot gas which is  bled into the pilot system 
through a small restrictor, feeds pressure to the cylinder behind a pilot piston. 
This is arranged so that, when pilot pressure is present, the pilot piston is forced 
downwards. When in this position, gas pumping by the impeller is normal.
   However, when the control system determines that the pumped flow of vapour 
must be stopped, the pilot solenoid valve OPENS. This bleeds the residual high 
pilot pressure from the pilot loop. Pressure on the pilot piston is reduced. The 
differential in pressure to which the pilot piston is now exposed (High under the 
piston and low above it) displaces the piston upward. Through linked provisions, 
this moves apart the sealing tips of the scrolls. While thus disposed, the scrolls 
are unable to pump vapour. Delivery ceases. A check valve in the delivery 

stream closes, 
preventing back-feed of 
vapour. The cycles are 
varied on a basis 
predetermined by the 
controller, as indicated 
in Fig. 24.

FAILURES IN SCROLL COMPRESSORS.
   Information making possible detailed analyses of failures in reciprocating 
compressors was made widely available by the few pioneering manufacturers, 
and I personally have been called upon over the years to make determinations 
and recommendations regarding even comprehensive failures which have 
occurred in such machines. This has been done with some luck, and perhaps 
even on some happy occasions with an element of accuracy. 
   Times have changed, and these days manufacturers play their cards much 
closer to their chests. This makes failure analysis a whole lot more difficult for 
independent people like ourselves. I have fairly often been called upon to report 
on failures of scroll compressors. While a publication such as this should be 
confined to ‘fully advised’ source information, in the absence of such, we will 
offer what hopefully might be viewed as ‘useful comment’.
   On Fig 11 we looked at an ‘operating envelope’. It is my solid belief that 

Active
delivery.

Suction.

×
A bleed allows high pressure
vapour to fill this cylinder. Solenoid valve CLOSED. Solenoid valve OPEN.

Previous high pressure bleeds
from pilot cylinder.

Pilot piston is
pushed DOWN.

Final closure is by
thrust from springs.

Scroll tips are in proper
contact. Operation is
NORMAL.

Pilot piston LIFTS.

Tips move apart
by about 1 mm.

Gas blows past,

.

preventing 
compression.

THE DIGITAL SCROLL™ (™ of EMERSON COPELAND.) Fig. 23
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Briefly, 
no delivery.

×

This timed interval may be varied by the controller to 
suit. Variable time base is between 15 sec and 30 sec.

OPERATION AT LOW LOAD OPERATION AT HIGH LOAD

Impeller tips closed.

CONTROL PRINCIPLE. Fig. 24

Impeller tips open.

Cycling to balance 
against cooling load.



scroll compressors will spend much of their lives operating outside of this ‘safe’ 
envelope, without this fact never becoming known. Of course, the ‘well-being’ 
of the compressor would be severely under threat were that the case. These days, 
vastly improved technology is available, including for the remote measurement 
of surface temperatures. You folk are so lucky!
   Fig. 25 shows an example of such a device. A laser 
point illuminates a spot on the surface being checked, 
and the display indicates the temperature at that 
precise point.  This surely would make it child’s play 
to check out temperatures on any operating machine, 
and to institute a check of the operating circumstan-
ces regarding any which may wander outside its pre-
scribed operating envelope.
   Excessively hot oil thins out, and is unable to 
achieve a proper lubrication job. Many of the scrolls I have seen have shown 
excessive wear at their scroll tips. The scrolls are held closed with a certain 
amount of spring loading. If lubrication by oil passing through the machine is not 
up to scratch through the machine running too hot, or through oil having been 
thrown from the machinel, such wear could be expected.
   Rapid recycling. An amount of oil recirculates with the refrigerant, and this 
must pass through the entire system before returning to the compressor. When a 
compressor starts, an amount of oil will be thrown over with the gas delivery. 
There will be a delay before this starts trickling back with the suction vapour. 
From this, you may extrapolate the fact that, if recycle time is constantly short, 
oil will displace from the compressor to the system, there being insufficient ‘run 
time’ available to assure a consistent return of oil from the system to the sump.
   What matters is run time cycles, (i.e. Start to stop cycles.) You could do a 
starting check and find the compressor is being given six starts per hour. You 
might sagely nod your head, and say “sounds good”.  But, if each run is only for 
a minute or two, you may bet your boots oil is being displaced faster than it can 
return to the compressor. Very often, such operating defects might come down to 
inadequate design and selection of control equipment, or to improper program-
ming of the operating and safety control arrangement. Detailed understanding of 
controls and  their function is an Industry sinkhole, needing much attention.

   Handling of liquid. Scroll compressors boast the 
reputation of being ‘able to pump liquid’. Firstly, it is 
never to be accepted that the machine is a true liquid 
pump. Never read more into that statement than that the 
occasional spurt of liquid may not hurt the machine.
   Partly, this reputation may have been built on a sound 
footing. The earlier scroll compressors (Fig. 26) used a 
weighted swing mechanism which closed the impellers in 
their orbiting fashion by application of centrifugal force. 
Thus, if liquid entered the scrolls, it would act against the 
applied centrifugal force, and the scrolls would move 
apart to allow passage to this wandering liquid. Now, 
with the advances in computer controlled production 

CLOSURE BY 
CENTRIFUGAL FORCE.

Drive 
shaft.

Swing
arrange-

ment.

Fig. 26

Fig. 25

INFRA-RED
THERMOMETER

Temperature measurement 
made at laser dot.
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techniques, the scrolls are driven in rigidly prescribed orbits. The present-day 
arrangement, which operates very much more quietly than the previous, and 
which is driven by an eccentric shaft extension, may be seen in Figs. 17 and 23.
   Reportedly, the present arrangement has been tested and found to be capable 
of still handling an amount of wayward liquid. I do wonder about the safe extent 
of this capability? Fig. 27 shows the extent of mechanical damage I have been 
shown in a couple of fairly hefty scroll compressors.
   If you flip back to Fig. 19, you will 
note how equally the various entrapped 
pockets of vapour lie diagonally oppo-
site one another. Thus, in normal oper-
ation, the strains and loadings within the 
impeller pair will be in precise balance 
with one another.
   But, what would be the case if half a 
litre of liquid were to rush into the im-
peller pair? Would it distribute itself in 
such a precisely equal way?

EXAMPLES OF MECHANICAL
FAILURES IN SCROLL COMPRESSORS.

Fig. 27

   I certainly do not think this would be so – at least certainly not so every time it 
may happen. I feel there would be a great chance of a pocket of liquid entering at 
just one entry point of the impeller. This would force the impeller pair apart at 
lightning speed. The jolt would be like a horrendous hammer blow, very likely to 
smash components of the structure. This is absolutely what we see in Fig. 27. 
While scrolls might “be able to handle liquid”, I emphatically believe there are 
limits as to by what extent liquid may be handled with impunity.

SCREW COMPRESSORS.
   Like scroll compressors, the concept of screw compressors had been thought 
up a century or more ago. Lacking until about the 1980s was the computer-
based precision manufacturing technology. Screw compressors have soared in 

popularity for medium-sized installations in recent 
times.
   Fig. 28 shows a screw impeller pair engaged as for 
operation. Our example is from a hermetic machine. 
The attached drive motor is fixed on a shaft exten-
sion of the male rotor.
   The female rotor is driven directly, as a gear, by 
the male rotor. Earlier screw machines, constructed 
before the present level of production technology 
had been attained, had to have the impellers each 
separately driven from a gear drive arrangement.
   In Fig. 29, we see, as an end view, the impellers 
inside their housing. If you work between these two 
illustrations, you will see how the refrigerant fills 
the helical spaces within the screws. Of course,

IMPELLER PAIR OF A
SCREW COMPRESSOR.

Fig. 28
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Oil to impeller is fed
by way of these ports.

Capacity
control
slide.

END-ON VIEW OF
INSTALLED IMPELLERS. Fig. 29

these are nipped off where the screws 
make contact. As the screws turn, these 
‘nip-off’ points progressively move 
forward. These helices of vapour are 
contained at their extremes by the shape 
of the housing. (Fig. 29.)
   The end of the capacity control slide 
has been identified in Fig. 29. This is 
shown in isometric view in Fig. 30, as 
also is the piston-type hydraulic actuator 
that positions the slide to a distance, 
predetermined by the temperature 
control system, along much of the length 
of the screw pair. The point concerning this is compression can only start once 
the vapour has moved to under the slide. (Before the position of the slide there 

is a void, which allows refrigerant to swirl 
and freely short-circuit. Compression is 
not yet possible.) Thus, if the slide is fully 
retract-ed, the compressor will operate at 
minim-um capacity: if it has been fully 
extended under the command of the 
temperature controller, the screws will be 
active for their full length. Effective 
refrigeration capacity will then be at 
100%.
   Oil inlet ports were indicated in Fig. 29. 
The purpose of these is to inject oil from 
the lubrication system into the rotating 

Capacity control slide.

Hydraulic powered
actuating piston.

THE CAPACITY CONTROL MECHANISM
OF A SCREW COMPRESSOR.

Fig. 30

COMPRESSION.

impeller pair. This oil plays the part of ‘piston rings’ in sealing the impeller 
against gas bypass. As an outcome, a considerable amount of oil is pumped over 
with the hot gas. This would interfere with heat exchange in the condenser and 
evaporator. Therefore the maximum possible amount of this injected oil must be 
removed from the discharge vapour. An oil separator (sometimes even up to a 
3-stage oil separator) must be incorporated in any screw compressor design.

SCREW COMPRESSORS
IN AMMONIA SERVICE.

Fig. 31

Oil separators.

External 2-pole motors.

SCREW COMPRESSORS FOR 
AMMONIA SERVICE.
   Unlike scroll compressors, which, to the 
best of our knowledge, are limited to 
hermetic arrangements, and are thus ruled out 
from ammonia service, screw compressors 
are supplied also as ‘open’ machines. 
Therefore they can be driven by an external 
motor. It thus is possible to build these 
machines for operation in ammonia systems, 
where they are indeed very popular.
   Fig 31 illustrates one such application.
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CENTRIFUGAL COMPRESSORS.
   All the compressor types we have considered so far are positive displacement 
machines. That is, in one way or another, they physically contain a relatively 
large amount of cool vapour. Then that physical containment volume is reduced 
by one or other means, thus compressing the vapour.
   Centrifugal compressors are the one exception. Their operation is based on 
dynamic principles. Indeed, they are nothing but high performing fans.
   In Fig. 32, young KK demonstrates centrifugal 
force. To do this, he has tied a string to a nut, and 
is swirling this about his head. The message is 
simple. As the nut is constrained by the string, it 
follows an orbital path round KK’s head. If the 
string were to break, the nut would fly out at a 
tangent.
   The nut is serving as a proxy for a molecule, 
which of course is so small that we could not see 
one, even if we had the most powerful micro-
scope in the neighbourhood. And the string just 
had to be there for our demonstration, or else we 
would have nothing to consider.

A DEMONSTRATION OF
CENTRIFUGAL FORCE.

Fig. 32

   Centrifugal force in air conditioning. Certain common applications in air 
conditioning are dependent on the application of centrifugal force. Two that 
readily spring to mind are the very common centrifugal fans and centrifugal 
water pumps. (Fig. 33.)

CENTRIFUGAL FAN. CENTRIFUGAL PUMP.

CENTRIFUGAL MACHINES. Fig. 33

   In these, firstly the molecules 
that make up the air, and second-
ly water molecules, are rapidly 
spun about a central axis. The 
forces applied, as so ably demon-
strated by KK, are added to those 
molecules. They both fly out-
ward, as evidenced by the ‘tug’ 

on KK’s string, and in a direction (kinetic force) 
as would be demonstrated memorably to you if 
the flying nut were to slap you behind the ear. 
The impeller of a centrifugal compressor works 
on the same principle, but is considerably 
superior in workmanship and quality to centri-
fugal fans or pumps. 
   Fig. 34 illustrates an impeller from a centri-
fugal refrigeration machine. Note how this 
incorporates a series of vanes to ensure that 
‘spin’ be added to the low pressure refrigerant

IMPELLER OF A

Fig. 34
CENTRIFUGAL COMPRESSOR.
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as this is taken into the suction eye of the impeller. Fig. 35 provides a clear 
example of such an impeller installed in a centrifugal compression machine.

Impeller. Note shaping
to make for orderly 
acceleration of gas.

Vortex dampers: These open 
increasingly to allow greater
vapour flow as load increases.
Designed so as to increase
spin in direction of rotation
as they throttle. (re part-load
efficiency.)

Suction vapour.

Hot discharge vapour.

Motor.

A SINGLE STAGE, GEAR-DRIVEN CENTRIFUGAL COMPRESSOR.

Compressed vapour spins off the impeller
and transfers into the volute.

Fig. 35

   By considering Fig. 35, you will note how the low pressure vapour is drawn 
axially into the ‘eye’ of the impeller. The approaching vapour is ‘scooped up’ by 
the vanes in the entry eye, in the way of a supercharger. (Better viewed in Fig. 
34.) Picture this impeller turning at 6000 or 8000 revs per minute. The molecules 
will be spun round like crazy. (This is in the manner of KK’s demo with the nut.) 
Molecules are so very tiny, but each possesses miniscule mass. As they are spun, 
they are driven radially outward in the impeller to finally be flung free, still 
acting in the manner of KK’s demonstration. They also receive forward-moving 
velocity. The ‘organised’ shaping of the gas passage is important.
   Achieving greater pressure. The finest refrigerant for centrifugal compressors 
was R-11, of fond memory. That required very little pressure lift, as this 
refrigerant had the distinction of condensing at a very modest pressure. It was 
supplied in small drums, as opposed to the conventional cylinders. With legs 
welded on, they could be valuably recycled as braai drums. Also the its 
molecular weight was good. R-11 is no more. It was ‘just made’ for centrifugals. 
But with the sad demise of R-11, other less favourable refrigerants had to be 
sought. These required greater pressure lift. 
   There are two options here. (Fig. 36.) The impeller must be turned faster, or 
two (and sometimes three) stages of compression are required. Often both these 
options end up being combined into the design of a single machine. It is a great 
advantage when gears can be avoided, as these absorb much shaft power. 
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   But it is important to recognise that there is that second contributor to this 
compression  scenario – that is the forward rotational movement of the 
molecules. These two independent packets of energy manifestation are 
harnessed to work in tandem.
   To help here, we require a swift discussion concerning potential and kinetic 
energy. In Fig. 37 we see the roller coaster in a fun park. Left, the roller coaster 
has been externally pulled up to, and is crawling over a high point in its track. 
Imagine it suddenly encountered a brick wall. (This ridiculous kind of descript-
ion can only happen with me!) Thanks to its low speed, it would sound a gentle 
“tap” as it contacted the wall, and would then come to a standstill.

   But say the idiot hadn’t placed a brick wall up there. The carriage would go 
down the hill, accelerating every moment. But our friend the idiot has instead 
built the brick wall at the lowest point. (i.e. By where maximum acceleration 
would already have come about.) We can easily picture the carriage shattering, 
with blood and gore bursting everywhere!
   Why the difference? There was the same amount of total energy in the vehicle 
at the top and bottom of the track, as was added by the motor doing the original 
uphill haul. (In fact it will be less total energy down the slope, for some energy 
would by now have been surrendered to friction.) Potential energy will now 
have been converted to kinetic energy. We will investigate those implications.
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Tap!Tap! HIGH POTENTIAL
LOW KINETIC

HIGH KINETIC
LOW POTENTIAL

Brick wall!

Brick wall.

Stage 1.

Spin is removed in a diffuser, which redirect
the partially compressed vapour to the
inlet of stage 2.

Stage 2.

Speed increase gearing.

Single stage impeller.

Volute.

SPEED INCREASE GEARING, AND MULTI-STAGE APPLICATION. Fig. 36

Labyrinth seal.

2-stage impeller:



   The difference lies in the form taken by that energy. We reiterate…  At the 
high point of the ride, practically all the energy content was packaged as 
potential energy. (Highest point, as related to gravity, is playing an important 
part in this example. As the little trolley comes ever faster, whizzing downhill, 
the energy form is steadily converting from potential to kinetic. (Potential is 
related to position; kinetic is related to motion.) Now its energy has been 
translated into the form that allows the horrendous crash to take place.
   You are probably wondering what this all has to do with refrigeration. We 
return to the gas passing through the impeller. It was given forward motion into 
the direction of its upcoming flow by impeller rotation. This is kinetic energy. It 
is also receiving (static) potential energy, due to the application of centrifugal 
force. (Remember KK’s string, attempting to snap, back in Fig. 32? Tightness of 
the string represents the part played by centrifugal force.)
   Suction and condensing pressure: The task of a compressor is to lift 
refrigerant pressure from the low side (evaporator) and to deliver this to the 
pressure of the condenser (high side.) Sometimes condensing pressure gets 
higher. Perhaps there are cooling tower problems, or someone has not got round 
to cleaning the condenser. With a positive displacement compressor, the 
compressor simply has to work harder. By way of its drive shaft, it whistles up 
more effort from the motor, which whistles up more energy from Eskom.

WHEN THE BRICK
GETS MISSED!

Fig. 38

   A centrifugal compressor will call up more energy, 
but only for so long! Think of someone throwing 
bricks up to a brickie on a roof. As long as the 
thrower can get them up to within reach of the waiting 
brickie, the bricks will be stacked on the deck. But, if 
he throws one that doesn’t go quite high enough, then 
back all the way down it comes!
   A centrifugal compressor is in very much the same 
boat. If the pressure differential stretches to “just 
beyond its reach”, velocity pressure will cease, and 
the compressor will stop delivering gas. There will be 
the briefest of pauses, and a rush of gas from the 
condenser will be forced backward through the still-

turning impeller. It will race back to the evaporator, simply because that is 
where the pressure is low. Given equalised pressures, flow promptly reinstates. 
Velocity pressure will reestablish. This will recur every few minutes, causing a 
periodic bellowing that sounds for all the world like an angry hippo in a game 
reserve, when tourists throw stones at the animal, hoping for action.
   If you happened to be in a plantroom while this is all taking place, you would 
be astonished by the show being put up by the instrumentation. The pressure 
gauges spin like aircraft propellers. The ammeter leaps about, like it is the first 
day of Spring. The oil pressure doesn’t know whether it is Arthur or Martha.    
This whole sorry and compressor-damaging sequence of events is termed 
“surging”. We will explain further, after mentioning that an inflaming situation 
is brought about when the machine is operating at limited capacity, perhaps in 
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full summer, when condensing pressure is right up. It is a bad mistake is to 
install a centrifugal compressor with ‘spare’ capacity, to accommodate a future 
building extension. The machine simply produces inadequate velocity pressure 
to provide for the essential static regain.
   At the heart of surging: We used Fig. 37 to explain something of potential 
energy versus kinetic energy. The gas racing in the direction of rotation already 
comprises mostly kinetic energy. But it is potential energy that provides the lift 
from low side to high side. So it is necessary to apply aerodynamic principles 
when slowing down gas velocity, to assure pressure regain. This means having 
energy-efficient “trumpet shaped” velocity reducing fittings. Fig. 39 illustrates 
plainly the gas delivery on a centrifugal, designed to achieve exactly this.

   The point now is there must be sufficient 
mass flow of gas through the impeller to 
achieve high velocity, and therefore high 
velocity pressure in the initial part of the 
volute. For, only under those conditions can 
sufficient static pressure be regained to 
bring about the required ‘lift’ of delivery 
pressure over suction. But, no matter the 
underlying reason, a surging compressor for 
starters can scare people to death with their 
bellowing noise. But, worse still is that 
surging events are particularly bad for a 
centrifugal compressor.

   Damage occasioned by surging occurs first and foremost in the thrust bearing.  
Liken the impeller of a centrifugal compressor when in operation to the propeller 
of an aircraft. In that latter case, the propeller drags the whole aircraft forward, 
due to the work being done. In the case of a centrifugal compressor, the impeller 
is anchored solidly in place. Yet the same amount of ‘tug’ is being exerted by its 
operation. 
   A rather substantial thrust bearing is incorporated to counter this ever-present 
axial loading. Now, if the compressor is in surge, that thrust loading will be 
varying violently. The thrust bearing depends on an intact half-millimetre film of 
pressurised oil to keep the bearing faces separate. With the radical changes in 
this axial loading, this oil film is worked over just too radically. Metal is forced 
hard onto metal, and the bearing is driven to rapid failure. 
   
Magnetic bearings.
   A new, highly compact and revolutionary departure of centrifugal compressor 
design is oil free, using magnetic bearings, and operates at up to 48000 r/min. 
We have already used up all available space in this booklet. If you are interested, 
you are invited to do a download material from the 
RACA Website at this URL: 

 covering this equipment, 

I hope you have enjoyed the content of this booklet, and have 
benefitted from it. My part in compiling it has been a pleasure!

Note ‘organised’ expander for discharge gas.

SECURING PRESSURE REGAIN.
Condenser.

Fig. 39
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