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The 5 Basic Principles of Refrigeration  |  The Refrigeration Cycle

Proper installation,  servicing,  and successful problem solving requires a sound understanding of the 
basic principles of refrigeration, the refrigeration cycle, the functions of the individual components in 
the system, and the characteristics and behaviour of the refrigerant itself. Without this knowledge, it 
is not possible to be an efficient and competent automotive air conditioning technician. It is stressed 
that this technical section is intended as a field service guide and reference, not a formal training 
course. Please note the inclusion of Pressure - Temperature charts, useful conversion factors and a 
Glossary of Terms.

The compressor is basically a pump which draws in refrigerant in vapour form from the evaporator, 
compresses it and pumps it into the condenser. During the compression process, the refrigerant 
becomes hot (when a fluid is compressed the temperature increases - Principle N°3).

The condenser literally condenses the refrigerant from a hot, high pressure gas to a hot, high pressure 
liquid. In this process, some of the heat is released in atmosphere through the fins of the condenser 
coil (Principle N°2 - heat flows from the hotter to the cooler substance). Since there is a temperature 
drop, a pressure drop also occurs (Principle N°3). Sufficient heat is given off for the refrigerant to 
liquefy before it leaves the condenser (Principle N°4).

The receiver drier receives the hot, high pressure liquid refrigerant from the condenser and stores it 
until required by the TX valve. The receiver drier filters out foreign material, and absorbs moisture by 
means of a desiccant. It should be noted here that no filter is 100% efficient, and the desiccant can only 
remove a limited amount of moisture.

The thermostatic expansion valve (TX valve) meters liquid refrigerant through a small variable orifice 
into the evaporator coil.  As it passes from the tiny orifice of the TX valve into the larger tube of the 
evaporator coil, it expands rapidly, changing from a liquid to a gas. This enables the refrigerant to 
absorb heat (fluids absorb heat when changing from a liquid to a gas - Principle N°5).

The evaporator allows easy absorption of heat from the air because of its large area of fine finning. 
During its passage through the tubing in the evaporator coil, the refrigerant continues to expand and 
absorb heat from the air, becoming ‘superheated’. Expansion is aided by the suction of the compressor 
which draws in the superheated refrigerant gas to begin the cycle again.

1. To refrigerate is to remove heat.
2. Heat (that is, heat energy) always moves from the hotter substance to the cooler one.
3. The temperature of a fluid varies with pressure. If the pressure increases, the temperature will increase.
4. Fluids give off heat when changing from a gas to a liquid.
5. Fluids absorb heat when changing from a liquid to a gas.

The following definitions may help to understand Principles of Refrigeration.
• Heat is a form of energy and is actually the degree of molecular activity in a substance.

• All substances contain some heat since molecular activity is present in all substances to some degree.

• A fluid is a substance which will take the shape of the space in which it is confined. A fluid may be a liquid, gas or vapour.

• Substances which are in a gaseous state at normal temperature and pressure are considered to be gases.

• A vapour is the gaseous state of a substance which is not normally gaseous.  For example, water vapour is a vapour as it 

returns to a liquid state at normal temperature and pressure.

INTRODUCTION

THE REFRIGERATION CYCLE

THE 5 BASIC PRINCIPLES OF REFRIGERATION



TECHNICAL GUIDE

756

TE
C

H
N

IC
A

L

©  2015 Highgate Industries Wholesale Pty Ltd  |  All rights reserved.

The Refrigeration Cycle

TX VALVE / RECEIVER DRIER SYSTEM

CONDENSER FAN

CONDENSER
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ENGINE
FAN
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EVAPORATOR
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DISCHARGE
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LIQUID
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HIGH PRESSURE GAS
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LOW PRESSURE WET VAPOUR

EXPANSION VALVE (TXV)

RECEIVER DRIER (DEHYDRATOR)
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COMPRESSOR
Takes in vapour (suction side) and

pumps hot, high pressure gas
into the condenser.

COMPRESSOR
CLUTCH

P.O.A. or
STV VALVE
(where fitted)
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The Refrigeration Cycle

FIXED ORIFICE / ACCUMULATOR  SYSTEM
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Compressors & Clutches

FUNCTION OF A COMPRESSOR

ELECTRO-MAGNETIC CLUTCH FUNCTION & OPERATION

DIRECT DRIVE CLUTCH FUNCTION & OPERATION

The function of a compressor is to compress the refrigerant and 
pump it around the system. An air conditioning compressor is 
essentially a pump, and in automotive air conditioning it is normally 
belt driven from the engine. An electro-magnetic clutch is often 
employed to engage and disengage the compressor as required by 
the evaporator thermostat, other systems use variable displacement 
compressors.

The field coil is fixed to the compressor body, while the rotor, or pulley, turns freely on a bearing. The 
drive hub is fixed to the compressor shaft. When an electric current is passed through the field coil, a 
strong magnetic field is created which magnetizes the rotor. The rotor then pulls in the drive hub, or 
armature, which is fixed to the compressor drive shaft (usually with a keyway or splines) clamping it 
to the rotor face. The drive torque is thus transmitted to the compressor drive shaft. When the current 
flow is stopped, the magnetic field ceases and the drive hub springs pull the drive hub free of the 
pulley allowing it to free-wheel again.

Direct drive clutch assemblies are used on Electronically Controlled and Variable Displacement 
compressors. The hub of a direct drive clutch is fixed to the shaft of the compressor and has a sheer 
point at the centre. Fitting into the back of the hub is a damper which absorbs torque variations 
transmitted through the compressor. The damper connects the hub to the pulley or rotor, which turns 
on a central bearing. Under normal operating circumstances the compressor pulley, damper and hub 
rotate as one assembly. If the compressor becomes restricted, the excessive load on the hub will break 
at the sheer point and allow the pulley to continue to run freely, protecting the engine drive belt. This 
will also prevent the compressor from reaching a point of total seizure which could, if allowed, damage 
other components in the system. 
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Compressor Types

SWASHPLATE PISTON COMPRESSOR

RADIAL PISTON COMPRESSOR

ROTARY VANE COMPRESSOR

SCROLL (TURBO) COMPRESSOR

The swashplate or wobble plate compressor comes in a variety 
of design variations and capacities. However, all compressors of 
this type have a similar basic design. This basic design consists 
of horizontal connecting rods and pistons on parallel cylinders, 
which are arranged in a rotary pattern, and driven by an angled 
plate. The angled plate takes the place of the crankshaft found 
in conventional piston compressors. 

A reciprocating piston compressor in which four pistons are 
mounted on an eccentric, rotating block in a radial configuration.

This compressor uses spring loaded vanes 
mounted in a rotor rotating in an elliptical, 
(or figure 8 in some types) chamber. As there 
is no reciprocating action (apart from the 
vanes moving in and out according to their 
position in the chamber) the rotary vane is 
an exceptionally quiet, smooth compressor.

The scroll or turbo compressor is a scroll or spiral design in which an 
orbital spiral or scroll gyrates within a second fixed spiral. There is no 
reciprocating action so the scroll design is extremely quiet and smooth 
in operation.

UPRIGHT RECIPROCATING COMPRESSOR

A simple crankshaft, connecting rod and piston design in 
an upright, twin parallel cylinder arrangement.

PHOTO IS CLIPPING
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Compressor Types

VARIABLE SWASHPLATE COMPRESSOR

When a belt-driven Swashplate piston air 
conditioning compressor engages, a noticeable 
knock occurs and there is a reduction in engine 
power. This can be eliminated by keeping the 
compressor engaged all the time and controlling 
refrigerant flow by varying the displacement 
of the compressor.  This is known as a Variable 
Swashplate Compressor - a variation of the 
swashplate compressor which incorporates a 
control valve. The control valve senses the suction 
pressure and adjusts the swashplate angle, 
shortening or lengthening the piston stroke (and 
therefore the output of the compressor) to suit 
evaporator requirements.  

The Variable Swashplate Compressor is an axial 
piston design, with the pistons driven by a wobble 
plate or a swash plate. The swashplate angle is 
controlled with linkage and springs, which are 
adjusted by changing the refrigerant pressure in 
the compressor housing. 

A control valve with ports and passages that 
connect to the suction (low-side) and discharge 
(high-side) chambers of the compressor head is 
utilized. When the compressor housing pressure 
is increased, pressure on the back side of the 
pistons keeps them “higher” in their bores, closer 
to the cylinder head. This reduces the angle of 
the swash plate and shortens the stroke, reducing 
displacement. When the compressor housing 
pressure decreases, a spring pushes the adjusting 
linkage away from the cylinder head, increasing 
plate angle and lengthening the piston stroke to 
increase displacement. 

Two different types of control valve are used; 
mechanical and electronic. The mechanical valve 
has a precision diaphragm that senses low-side 
pressure. When the cabin is warm, evaporator 
temperature increases, which increases low-side 
pressure and collapses the diaphragm. A port 
opens to vent compressor housing pressure 
to the suction side of the compressor head. 
This decreases compressor housing pressure 
and increases piston stroke which will increase 
refrigerant flow through the system. As evaporator 
temperature decreases, so does low-side pressure. 
The diaphragm expands to close the low-side vent 
port and at the same time open a port that admits 

high-side pressure into the compressor housing. 
The higher compressor housing pressure reduces 
piston stroke and the volume of refrigerant flow.

 

Delphi’s mechanical displacement control valve 
is actually two valves in the same body. When 
low-side pressure is high, the bellows collapse 
(towards the left). The cone valve opens and 
pressure vents from the compressor housing 
through the by-pass hole and to the suction side 
of the compressor head, reducing compressor 
housing pressure. When low-side pressure is 
low, the bellows expands to close the cone valve 
and open the ball valve. Pressure vents from the 
discharge cavity (high-side) to the compressor 
housing, increasing housing pressure.

Some systems utilize a pulse-width-modulated 
solenoid valve to control housing pressure, based 
on information from temperature and pressure 
sensors and a computer controlling the valve’s 
duty cycle, compressor displacement can be used 
to control evaporator temperature, rather than 
the other way around.

The mechanical control valve is inexpensive 
and reliable, but its range of control is limited. 
Electronic control valves can reduce compressor 
displacement to around 1% when cooling is not 
needed, keeping seals lubricated, minimizing oil 
pooling and preventing other kinds of damage that 
result from long periods of inactivity. Ultimately 
there is less load on the engine when the A/C is in 
use, reducing the system’s contribution to exhaust 
emissions. 
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Compressor Types  |  Compressor Problems

ELECTRONIC COMPRESSOR

COMPRESSOR PROBLEMS

COMPRESSOR WITH HIGH HEAD PRESSURE

The electronic compressor has an electric motor mounted directly onto the front of an air conditioning 
compressor.  These compressors will generally operate in the range of 250 – 300V.  These compressors 
are used in Hybrid and remote mount applications. The Electronic compressor is driven by either 
a brushless, three-phase AC voltage motor or brushless DC voltage motor. Compressor operation 
is provided by a control module based on a variety of input sensors. Totally electric compressors 
allow the control module to vary compressor speed independent of engine speed, and will require 
a scan tool for proper diagnosis. There are also combination belt drive/electric compressors. The 
displacement on these compressors is split, with a small portion run by the same motor as the pure 
electric compressors, and the larger portion driven conventionally. Both of these designs allow the 
compressor to continue to provide refrigerant flow during “idle stops” when the internal combustion 
engine is off.   

A compressor is a pump, and has mechanical, moving parts. It therefore has the potential to fail due to 
wear and tear, but rarely do compressors fail because of an inherent mechanical fault.

Most compressor failures are caused by system faults or improper service procedure.

This is the most common cause of compressor failure and is usually caused by one or more of the 
following:
• Overcharging 

• Faults or failures in other system components such as inadequate or blocked condenser, insufficient airflow, clogged 

condenser fins, electric or viscous fan(s) not operating, insect screens or oil coolers reducing airflow, etc

• Air and/or moisture contamination. Usually due to inadequate servicing/ evacuation technique, or failure to renew the 

receiver-drier at correct intervals

• High side restriction if close to the compressor - restrictions in the receiver drier outlet to TX valve area will produce low 

readings on both sides of the system (unless it is over-gassed) - restrictions between the compressor discharge valve and 

receiver-drier inlet will produce high pressure readings

• TX valve stuck open

• Incorrect refrigerant type.
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Compressor Problems

COMPRESSOR WITH LACK OF OIL OR INCORRECT OIL

As with all engines, correct and adequate lubrication is essential. Lubrication problems are often 
caused by one or more of the following:
• Leaks or blown hoses, especially on the high side

• Failure to drain and refill to specification after leaks or repairs

• Incorrect grade/type of oil, or a mixture of incompatible oils

• Incorrect evacuation technique - this is especially important with some vane rotary compressors - evacuation instructions 

must be followed implicitly

• Failure to add extra oil for systems with long hoses; twin systems, etc

• Failure to flush old oil out during servicing

COMPRESSOR WITH SYSTEM CONTAMINATION

Dirt, moisture or solid particles will all cause compressor failure:
• Inadequate evacuation, leaving more moisture in the system than the drier can absorb

• This may be from an inadequate vacuum pump and/or insufficient evacuation time - note receiver driers have limited 

capacity to absorb moisture and must be changed regularly, especially if a system is recharged

• Dirty, contaminated oil from a previous failure or repair

• Particles from a previous compressor failure not flushed out

• Foreign particles from internal corrosion, or break-down of filter or desiccant in the receiver-drier (usually caused by age 

or excessive heat - e.g. from the exhaust manifold)

COMPRESSOR WITH LIQUID SLUGGING

Usually caused by a TX valve stuck open, or incorrect TX valve. Too much refrigerant flowing into 
the evaporator will tend to ‘flood’ the coil so that liquid is returned to the compressor. Since liquid 
is, for all practical purposes, incompressible, liquid taken into the suction side of the compressor will 
cause serious physical damage to the valve plate and reed valves, and may even crack or break metal 
components.  Liquid slugging may also be caused by allowing liquid refrigerant into the suction side 
during charging with the engine running.

COMPRESSOR WITH LOW REFRIGERANT

Compressors can fail if there is a very low refrigerant intake because refrigerant level is low, or there is 
a restriction on the high side preventing flow to the compressor. This can also be caused by a TX valve 
which is stuck closed.

OIL CONTAMINATION/OIL LEVEL PROBLEMS

Can only be determined by physical inspection. Where suspected, the system must be flushed 
professionally and the compressor must be drained and refilled to specification.

COMPRESSOR WITH EXCESS OIL

Oil overcharge is as damaging as undercharge. Excess oil can cause the same problems as liquid 
slugging.
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Compressor Problems

NOISY COMPRESSORS

VARIABLE SWASHPLATE COMPRESSOR DIAGNOSIS

COMPRESSOR DE-STROKE / NO STROKE TEST

COMPRESSOR MALFUNCTION

Most compressor noises are external and not, in fact, the compressor itself.

Incorrect belt tension, loose or cracked mounting brackets or bolts, clutch or idler pulley bearings, etc., 
will all cause noises which may sound metallic or internal.

Almost all genuine internal compressor noises (apart from wear and tear or age) are caused by oil loss, 
system or oil contamination, or high head pressure due to over gassing or condenser/airflow problems.

It should be noted here that all compressors make some noise. Other noises from the vehicle, such 
as water pump, alternator, drive belts, engine noises etc., may be amplified by the addition of a 
compressor. This does not indicate any inherent fault in the compressor itself.

Compressors, having moving parts, and doing work, must produce noise and vibration to perform their 
function and will sometimes produce harmonics in conjunction with the vehicle’s engine, alternator 
etc., which will not be evident on the test bench or even on another vehicle.

A faulty or damaged control valve can be difficult to diagnose as they will generally give symptoms of 
a faulty compressor. There are various ways to diagnose this.

This test is normally conducted to ensure the compressor can de-stroke. Remember it will only do this 
when the TX Valve shuts down to reduce suction pressures under low heat loads. Therefore a low heat 
load condition must be simulated. This is achieved by:  
• Engine operating at 3000 RPM

• Maximum cold selected

• Doors / windows closed

• System stabilized to low cabin heat loads (in high temps/high ambients a simulated test may be required – see below)

Observe the low side gauge for a reduction to control valve set point and observe the suction pressure 
stabilization – with a corresponding reduction in high side pressures. Providing the control valve set 
point is reached the compressor must de-stroke. A failure to de-stroke will result in a reduced low side 
pressure and a subsequent icing of the evaporator coil. No additional de-icing control is used with 
variable pump systems. They rely on the low side pressures being controlled to a sufficiently high 
pressure to prevent fin and tube temperatures dropping below 0°C.

Usually indicated by high suction side (low-side) pressure and low discharge (high-side) pressure. 
Pressures may even be equal.
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Compressor Problems

COMPRESSOR - DE-STROKE TEST

CLUTCH FAILURE

COMPRESSOR - FULL STROKE TEST

With systems having an accessible TX Valve, the valve can be forced to close by the standard “TX 
Valve Closure Test”. The test is performed by spraying “spray freeze” or an alternative onto the bulb. 
This should be done very slowly to observe the low side gauge characteristics. Spraying the bulb will 
effectively reduce low side pressures to control valve set point, where the pump should de-stroke.

Clutches normally give long trouble-free service, and, like compressors, most problems are not inherent.
Common causes are:
• Voltage drop - clutches are designed to withstand sufficient torque in all normal conditions provided that the correct 

voltage is fed to the field coil (12-13.6v for 12 volt systems; 24-27v for 24 volt). Lower voltages will cause clutch slippage, 

especially when head pressure builds up.

• Bearing failure - usually age, or heat due to slippage, compressor seize-up, etc.

• Coil burn-out - usually caused by voltage problems, or heat from a slipping clutch.

• Slippage - slippage is normally due to voltage drop (or incorrect voltage), oil on mating faces, compressor seize-up, clutch 

face wear, or too large an air gap.

• Incorrect air-gap - the air gap between the field coil and rotor is automatically fixed. However, the air gap between the drive 

hub and the rotor is adjustable on some clutches, and it is critical that it is within recommended tolerance.  Too big an air 

gap will cause slippage, too small will cause binding.

The full stroke test is conducted at high heat loads and is based on existing test parameters. The 
compressor should be on full stroke when the system is out of the ‘control valve zone’. A full stroke 
test should be based on manufacturer’s recommendation taking into consideration both Ambient 
Temperature and Humidity. When conducting a full stroke test, ensure there is adequate condenser 
airflow and operate the engine at 1000 – 1500 r/min.  Select the vehicle heating mode to raise heat 
loads to appropriate levels.  Once the vehicle cabin has reached a high ambient temperature, turn the 
A/C on and select coldest setting at high fan speed.

A variable pump may fail to de-stroke if the following conditions exist:
• High ambient / humidity loads

• Overcharge – Recover gas out of system and recharge correct amount

• Poor condensing – Condenser may be blocked externally, fans may not be operating at full speed

• TX Valve jammed open – Debris from compressor wear or moisture freezing.

• Control Valve Malfunction - Damaged from liquid slugging or excess system oil

A variable pump may fail to 100% stroke if:
• System is undercharged – recover gas charge and recharge correct amount

• TX Valve closed / restricted - Debris from Compressor

• Heat loads are low

• Low side blockage – blocked TX Valve, delaminated Suction Hose

• High side blockage – Hose delamination, blocked Condenser

• Control Valve malfunction - damaged from liquid slugging or excess system oil

With electronic control valve variable compressors, a Control Valve Testing Tool is the quickest, most 
reliable way to ascertain if the control valve is at fault or not. More information on this can be found 
on page 711.
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Compressor Replacement

COMPRESSOR REPLACEMENT PROCEDURE

Note: this procedure assumes that the technician has a working knowledge of reclaiming, evacuation 
and recharging, and is qualified to handle refrigerants.
The moving parts of a compressor are machined to very fine tolerances, so system cleanliness and 
correct lubrication are critical. The following procedure must be followed whenever a compressor is 
serviced or replaced, or whenever component break-down or system contamination is suspected.

Before installation:
1. Check system with an accurate refrigerant analyzer to determine what refrigerant is in the system and if there is any gas 

cross contamination (including air).

2. If compressor/system still operates, run engine at 1500-1750 rpm and check system pressures with the system operating 

at maximum cooling and fan settings.

3. Check resultant gauge readings against the temperature-pressure charts.

4. Establish the cause of failure of the original compressor and rectify the problem. (Remember that most compressor failures 

are due to system faults, loss of gas, over-gassing etc., not a fault in the compressor itself.)

5. Remove and discard the receiver-drier or accumulator and the TX valve / CCOT.

6. Flush system thoroughly with an approved solvent such as TO-28729. (‘Purging’ with a refrigerant or dry nitrogen is 

not sufficient as neither will remove scale, corrosion, acid, oil or contaminants.) Be sure to follow the flushing procedure 

correctly.

7. Install a new receiver-drier or accumulator and TX valve.

At installation:
1. Check the oil specification for the system and compressor concerned, and ensure that the correct grade and amount is 

added where necessary. Never mix or re-use refrigerant oil.

2. Renew all O-rings. Never re-use O-rings.

3. Turn the compressor by hand several times before charging the system.

4. Evacuate and charge the system according to correct procedure and specification for the system and compressor concerned.

5. Ensure that the system is charged with the correct amount of refrigerant. Remember, some systems are easily over-gassed 

if charged simply by gauge readings and/or sight glass, especially if other variables are not taken into account.

6. Check the system for leaks and ensure that the system operation and gauge readings are normal.

Other helpful hints:
• Always check the quantity and integrity of the oil in the failed compressor - this is a valuable aid to diagnosing the system fault.

• Check the hoses, receiver-drier and TX valve for signs of contamination and/or break-down (also a useful aid to diagnosis).

• A compressor which will turn by hand after removal, but which was seized on the vehicle, almost always indicates a head 

pressure problem.
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Compressor & System Service Valves

R12 ACCESS VALVES

R134a ACCESS VALVES

COMPRESSOR SERVICE VALVES - BACK-SEATED (OPERATING) POSITION

COMPRESSOR SERVICE VALVES - MID  (TEST) POSITION

COMPRESSOR SERVICE VALVES - FRONT-SEATED (OFF) POSITION

Normal operating position. Refrigerant can only flow within the 
air conditioning system. Wind Spindle out (anti-clockwise) fully to 
achieve this setting.

This setting allows the system to operate normally, but allows 
refrigerant to flow to the test Gauges.

Refrigerant flow is blocked off completely in this position.
Never operate the system with the service valves in this positon. 
Wind spindle in (clockwise) fully to achieve this setting.
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Condenser Types

FUNCTION OF A CONDENSER

TUBE & FIN CONDENSER

MODINE CONDENSER

PARALLEL FLOW CONDENSER

SUB-COOL CONDENSER

The function of a condenser in a refrigeration or air conditioning system is to condense refrigerant 
from a hot, high pressure gas to a high pressure liquid. It may be simply described as a heat exchanger.

The original automotive air-conditioning 
condenser – ‘tube and fin’, consists of a 
continuous round section tube, usually of 
copper, with aluminum finning to allow easy 
transfer of heat to the atmosphere.

The modine condenser consists of a multi-section 
flat aluminum tube in serpentine configuration, 
again with aluminum finning for efficient transfer 
of heat.

Also called multiflow, this condenser 
may look similar to either the tube & 
fin or the modine, but is constructed so 
that refrigerant flows into a number of 
the horizontal tubes simultaneously, so a 
whole section of the condenser receives 
refrigerant from the inlet, usually about 
one third of the condenser or more.

Similar to the parallel-flow condenser but is equipped with a modulator 
tube which houses a desiccant bag receiver drier. This condenser has 
vertical header tubes mounted either side of horizontal, flat-section, 
multi-cored, aluminium tubing and finning. Refrigerant flows through 
a section of the condenser (that is, through a number of tubes 
simultaneously) into a modulator tube which houses a desiccant bag. 
This takes the place of the receiver drier. The refrigerant then flows 
back into the final section of the condenser and the liquid refrigerant 
is further condensed. This method achieves close to full vapor to 
liquid conversion and is known as sub-cooling.  
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Condenser Problems

CONDENSER PROBLEMS

CONDENSER WITH AIRFLOW RESTRICTION - EXTERNAL

CONDENSER WITH AIRFLOW DEFICIENCY

CONDENSER WITH LEAKS - INHERENT

CONDENSER WITH LEAKS - FITTINGS

CONDENSER WITH INTERNAL BLOCKAGE

As the condenser has no moving parts, “wear and tear” is not a problem. However, condenser problems 
are a common cause of system break-down.  

Usually from insects or grass seeds clogging the finning. However, airflow restriction may also be 
caused by insect screens, oil coolers and other obstructions which restrict airflow.

Insufficient airflow due to electric or viscous fan(s) not operating correctly, low voltage, the fan 
incorrectly positioned in shroud, or the condenser placed too far from the radiator.

Rare in good quality condensers. Can occur from age, physical damage, or corrosion. Core leaks are 
common in poor quality condensers, often aggravated by high head pressure in/from the compressor.

Usually caused by bad installation techniques such as re-using old O-rings, failure to lubricate fittings 
or failure to line-up fittings prior to tightening.

May be caused by particles from another component such as a failed compressor or other component 
affected by internal corrosion from moisture due to contaminated oil/refrigerant. Internal condenser 
blockages are usually only partial, in which case vapour is fed to the receiver-drier and TX valve, with 
resultant reduced performance. A special note as to parallel and sub-cool condensers: they cannot be 
flushed clean as flushing solvent will only take the path of least restriction, and will not clean the whole 
condenser. Note too that a parallel or sub-cool condenser can be up to two thirds blocked without 
showing any signs of flow restriction. To be sure, in the event of a full compressor failure on a system 
with a parallel flow or sub-cool condenser, it must be replaced.
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Condenser Problems

CONDENSER DIAGNOSIS TIPS

CONDENSER - CALCULATION OF CAPACITY

CONDENSER - SUPERHEAT & SUB-COOLING

Apart from leaks, which are usually visible due to oily patches, most condenser problems are indicated 
by high head pressure.  In a condenser, all types of blockages or restrictions, internal or external, will 
increase head pressure and cause a drop in performance.

Internal blockages can usually be detected by feeling the condenser for cool spots. Where the 
refrigerant is under pressure it will be hot, where the pressure drops it will be cool. In the case of a 
partial blockage the low pressure side may be quite cold, even though surroundings are hot. A good 
check for efficient condenser operation is the temperature drop across the condenser. A drop of 
about 20°c from the temperature at the inlet to the temperature at the outlet is normal.

Calculation of the capacity of a condenser in relation to the rest of the system depends on many 
factors. However, it is generally accepted that the capacity of the condenser should be at least 40 
- 50% higher than the capacity of the evaporator. The calculated capacity of a condenser does not 
indicate the cooling capacity of the system.

Normal superheat and sub-cooling is essential if the system is to operate at peak efficiency. While a 
number of factors have an effect (such as the superheat setting of the TX valve), in simple terms the 
compressor increases the pressure (and therefore the temperature) of the refrigerant to a point above 
its condensation temperature. This is called superheat. The condenser dissipates some of the heat 
and the refrigerant liquefies (condenses). In an efficient condenser there is a further cooling of the 
refrigerant below its condensing temperature and this is known as sub-cooling.

The following examples are actual test results on systems which were operating efficiently:

Superheat and sub-cooling values will vary on different systems, however if the system is to operate 
under all conditions satisfactorily, a significant value for each is critical. The test results above are 
considered ideal but will not always be achieved. Very poor results indicate a system problem, incorrect 
refrigerant charge or inadequate condensing.

Vehicle:    Large Sedan

RPM:    1500

Ambient temperature:  31°C

System head pressure:  1550 KPA

System head Temperature:  59°C (fom temperature pressure chart or gauge)                 

Condenser inlet:    72°C

Condenser outlet:   51°C

Therefore Temperature: Drop across cond. 72 - 51 = 21°C    

   Superheat: 72 - 59 = 13°C

   Sub-cooling: 59 - 51 = 8°C

Vehicle:   Medium Sedan

RPM:   1500

Ambient temperature: 29°C

System head pressure: 1500 KPA

System head Temperature:  58°C (fom temperature pressure chart or gauge) 

Condenser inlet:  73°C

Condenser outlet:  50°C

Therefore Temperature: Drop across cond. 73 - 50 = 23°C                                                                                                   

   Superheat: 73 - 58 = 15°C 

   Sub-cooling: 58 - 50 = 8°C
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Receiver Drier Types

FUNCTION OF A RECEIVER DRIER

BASIC RECEIVER DRIER - STANDARD UPRIGHT

BASIC RECEIVER DRIER - IN-LINE

BASIC RECEIVER DRIER - ACCUMULATOR

BASIC RECEIVER DRIER - DESSICANT BAG

DESSICANT - SILICA GEL

DESSICANT - MOLLECULAR SIEVE

Receiver driers are used in standard thermostatic expansion valve (TX valve) systems and are situated 
between the condenser and the TX valve. Many are directional and must be fitted the right way around.
Note that all upright and some in-line type receiver driers have liquid pick tubes. Some in-line driers do 
not have pick-up tubes and are designed to be mounted vertically. Correct installation to ensure liquid 
refrigerant flow to the TX valve is critical.

The receiver drier performs the following functions in an automotive air conditioning system: 
• Acts as a reservoir to supply liquid refrigerant to the TX valve
• Filters out foreign material
• Removes moisture from refrigerant and oil

The most common form of receiver-drier in automotive systems. In this drier, liquid refrigerant from 
the condenser flows into the cylinder, drips through the filter and desiccant forming a liquid reservoir 
in the bottom of the drier cylinder. When the TX valve opens, the pressure in the (high side) system 
forces liquid up the pick-up tube, along the secondary liquid line to the TX valve.

Rare in automotive air-conditioning, the principle remains the same but the drier is a flow-through 
design with the inlet and outlet at opposite ends of the cylinder.

Used in systems with a fixed orifice tube.

A bag or sachet of desiccant which is housed in the modulator tube of a sub-cool condenser.

A form of very pure silica which readily absorbs moisture. Silica gel is very susceptible to even short 
exposure to air, especially in humid weather.

Most good quality receiver-driers now have molecular-sieve as a drying agent (desiccant), although 
some still use silica-gel. Molecular sieve is a specially formed substance with molecular cavities into 
which molecules of moisture (which are smaller than molecules of refrigerant) are forced.  Molecular 
sieve is unaffected by short exposure to air and is more efficient than silica-gel per unit volume by 
some 300%. That is, its absorption capability is in the region of three times that of silica-gel. The 
Molecular sieve cannot be dried out by normal means. Once saturated, evacuation will not dry out 
molecular sieve.  Even when heated, drying out molecular sieve is not successful.  The heat required to 
ensure that the desiccant is dry will damage the molecular sieve.
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Receiver Drier Problems

RECEIVER DRIER PROBLEMS

RECEIVER DRIER WITH LEAKS

RECEIVER DRIER WITH BLOCKAGE

RECEIVER DRIER INSTALLED INCORRECTLY

RECEIVER DRIER INSTALLED TOO CLOSE TO HEAT SOURCE

IMPORTANT NOTES

RECEIVER DRIER WITH FILTER/DESICCANT BREAKDOWN

RECEIVER DRIER WITH RUST OR CORROSION

Receiver-driers give little trouble in terms of failure, but do have a limited life. If in doubt, replace.

Rare in the drier itself but can occur at welds, joints. Can also occur at fittings, usually due to bad 
installation.

May be caused by rust/corrosion, desiccant breakdown, or contamination from other failed 
components such as compressors.

Receiver-driers can be installed in reverse. This results in vapor passing to the TX valve instead of 
liquid, causing a considerable drop in performance at the evaporator.

Receiver-driers should always be installed as far away from the engine and manifold as possible. Some 
receiver-driers will release some of the moisture they have absorbed if they get too hot.

Both the filter and the desiccant in a receiver-drier have limitations and a limited life. The desiccant, 
whether molecular sieve or silica-gel, can only absorb a small amount of moisture. The filter will not 
remove 100% of all particles and foreign material.

Receiver-driers are not a substitute for proper flushing or evacuation.

Receiver-driers cannot be evacuated. They must be replaced at regular intervals (often recommended 
at about every 2 years), whenever system contamination occurs, or whenever the system is open to 
the atmosphere.

This problem is unusual but occurs occasionally, especially if the drier is incorrectly installed in reverse.

Caused by contamination in system or inadequate evacuation, leaving moisture in the system.
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Receiver Drier Problems

RECEIVER DRIER DIAGNOSIS TIPS

• Leaks are often visible due to oily patches.
• Blockages and severe restrictions at the inlet are indicated by high head pressures.
• Blockages and restrictions at the outlet are indicated by low pressure readings on both gauges.
• Blockages can usually be detected by feeling for hot and cold spots.
• Because of variations in condensing conditions in automotive air-conditioning systems, occasional 

bubbles in the sight glass are quite normal and do not necessarily indicate insufficient refrigerant 
charge, especially with R134a (with R134a the sight glass if fitted may look cloudy but still be normal.)

• Always charge a system by refrigerant volume, gauge readings and evaporator coil temperature. 
Refer to the Temperature – Pressure charts.

• Where sight glasses are fitted, they are a guide to flow and bubbles which may indicate low 
refrigerant with some refrigerants.

Receiver driers are used in standard thermostatic expansion valve (TX valve) systems and are situated 
between the condenser and the TX valve.

Note that all upright and some in-line type receiver driers have liquid pick tubes. Some in-line driers 
do not have pick-up tubes and are designed to be mounted vertically. Correct installation to ensure 
liquid refrigerant flow to the TX valve is critical.

Correct flow direction and mounting position are essential on all driers - check before installation.
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Accumulators

TYPICAL ACCUMULATORS

Accumulators are used in orifice tube systems. They are usually much larger than receiver driers, as 
they act as a catchment reservoir to ensure that no liquid refrigerant reaches the compressor. 

They also filter out moisture and foreign material in the same way as receiver-driers. Accumulators are 
installed between the evaporator and the compressor, are always in the upright position, and have the 
vapour outlet (to the compressor) above the maximum liquid level to prevent liquid slugging.

Accumulators are not always full flow filters. Although accumulators only allow vapour through the 
outlet, it is important to note that particles and impurities can still be taken into the compressor. 

Accumulators, like receiver driers, should be renewed every two years or whenever the system has 
been opened, or whenever major repairs, particularly compressor replacement, are performed.

Correct installation is critical to ensure that liquid refrigerant does not enter the compressor.
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Evaporator Types  |  Evaporator Problems

FUNCTION OF THE EVAPORATOR

EVAPORATOR PROBLEMS

TUBE & FIN EVAPORTOR

MODINE EVAPORATOR

PLATE & FIN EVAPORATOR

Evaporators are heat exchangers to provide a medium for the transfer of heat from the ambient air 
to the refrigerant. Since the coil is colder than the surrounding air, condensation forms on the coil and 
fins, dehumidifying the air.

The evaporator coil is the low pressure area of the system but may spring a leak due to corrosion.
Blockage in evaporator coils is rare since the receiver-drier and TX valve sieve stop most foreign 
particles. Foreign particles can, however, get through both of these devices, so flushing is critical after 
compressor or drier failure, or when the system is very old or contaminated. Partial blockage can also 
be caused by trapped oil, especially if the system has an oil over-charge.

A continuous round section copper tube passed back and forth with aluminium 
finning to assist in the rapid transfer of heat.

A multi-tubed, flat section aluminum tube in a serpentine configuration with 
aluminium finning for rapid transfer of heat.

A series of flat horizontal plate-like tubes stacked in a sandwich 
configuration, with finning between the tubes.



775

TECHNICAL GUIDE

TEC
H

N
IC

A
L

Product details are subject to change without notice.  |  Errors and omissions excepted.

Evaporator Problems  |  Switches

EVAPORATOR DIAGNOSIS TIPS

SWITCHES - FAN CUT-IN

SWITCHES - HIGH/LOW CUT-OUT WITH FAN CUT-IN

SWITCHES - CLUTCH CYCLING

SWITCHES - HIGH / LOW CUT-OUT (HP-LP)

• Blockages - Are indicated by lack of cooling and low readings on both gauges. (May drop into 
vacuum on low side).

• Leaks - Can be difficult to locate where coil itself is not accessible. Where a leak is suspected, the 
use of ultra-violet leak detection dye may be the best method, but removal of the coil may be 
necessary to locate the leak. Note that evaporators will sometimes leak when the system is not 
operating, and show no leak while the compressor is engaged. This is because the pressure in the 
low side of the system is higher when the system is not operating.  Vapour pressure in the system 
on a hot day can reach 200 psi and more.

• Leak detection - It should be noted that sensitive electronic detectors may pick up minute vapour 
emissions from glues and filling compounds commonly used in the assembly of evaporators.

• Partial blockage - oil. Oil can be trapped in the evaporator coil and in extreme cases can exhibit the 
symptoms of partial blockage.

Designed to bring in the condenser fan (or other mechanism) 
when the system pressure rises.

A single switch with all the functions 
of the HP, LP and Fan cut in switches. 
Commonly known as a trinary switch.

Used in fixed-orifice systems, and fitted on the low side of the 
system (often on the accumulator), this type of switch is used in 
lieu of a thermostat. For example, the compressor is disengaged at 
approximately 25 psi and re-engaged at approximately 40 psi.

High pressure cut-out - Protects the compressor from excessive 
pressure by cutting the power supply to the compressor clutch 
when a pre-set pressure is reached. 

Low pressure cut-out - Protects the compressor from damage 
due to excessive refrigerant loss (and consequent oil loss) by 
cutting the power supply to the clutch when the system pressure 
on the high side drops to the cut-off pressure specification, 
usually about 2kg/cm2 (28 psi). Usually called HP-LP, or binary 
switches. A single switch containing both the functions of the 
high and low pressure switch.
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Switches  |  Thermostat Types

SWITCHES - HIGH TEMPERATURE CUT-OUT

SWITCHES - TRANSDUCERS

MECHANICAL THERMOSTATS

THERMOSTATS - CYCLING SWITCH

ELECTRONIC THERMOSTATS

Same function and wiring circuit as a high pressure switch, but it is 
clamped to the liquid line from the condenser and senses the refrigerant 
temperature. Cut-off point is usually about 80-90°C (180-200°F). This is 
equivalent to a liquid line pressure of about 2600 KPA (380 psi).

Pressure transducers are used in electronically controlled systems 
to control various functions of the A/C system such as compressor 
displacement, compressor cycling, condenser fan operation. A 
faulty transducer switch will give confusing symptoms but can 
be easily identified with a compatible scan tool.

Basically a simple bellows with a refrigerant filled capillary. As the coil 
warms up the contents of the capillary build up pressure, expanding the 
bellows which then close the contacts completing the electrical circuit to 
the compressor clutch. May be operator-adjustable or pre- set to a specific 
temperature.

A switch used in orifice tube-accumulator systems to sense the refrigerant temperature, again closing 
the contacts and completing the electrical circuit to the compressor clutch when refrigerant flow is 
required. Usually fitted on the accumulator.

Consists of a thermistor (sensor) in the downstream side of 
the coil, in which the resistance varies with temperature. The 
resistance is sensed by the thermo-amplifier which translates 
it into sufficient voltage to activate the circuit (controlled by 
a potentiometer) to the compressor clutch. In some units the 
potentiometer is operator-adjustable.

FUNCTION OF THE THERMOSTAT

To keep the evaporator within a constant temperature range by switching the compressor clutch on 
or off as required. All types of thermostats sense the temperature at the outlet (or downstream) side 
of the evaporator coil in one way or another, although the method may vary. The capillary type senses 
the actual coil temperature at the downstream side. Some orifice tube-accumulator systems use a 
pressure or temperature switch on the accumulator, in effect still sensing refrigerant temperature at 
the coil outlet.
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Thermostat Problems

MECHANICAL THERMOSTAT WITH PHYSICAL DAMAGE TO CAPILLARY

MECHANICAL THERMOSTAT WITH CAPILLARY INCORRECTLY LOCATED

MECHANICAL THERMOSTAT INCORRECTLY ADJUSTED

MECHANICAL THERMOSTAT MALADJUSTED DIFFERENTIAL

COMMON PROBLEMS WITH ELECTRONIC THERMOSTATS

MECHANICAL THERMOSTAT DIAGNOSIS TIPS

If the refrigerant charge in the capillary tube escapes, insufficient pressure in the bellows will leave the 
circuit open, preventing the clutch from engaging.

The capillary tip should be inserted into the downstream side of the coil slightly so that it senses the 
warmest part of the coil. If the capillary is inserted into the coldest part of the coil it will not bring the 
compressor in early enough or hold it in long enough; if it is not located in the coil at all, it will bring 
the compressor in too much (or constantly), causing the evaporator coil to ice-up.

Pre-set thermostats can usually be adjusted to a cooler or warmer setting by adjusting the cam.

The differential (difference between cut-out and cut-in temperature) is adjustable on most thermostats, 
but is usually time consuming and replacement is normally cheaper. In most thermostats, turning the 
cut-in and cut-out screws clockwise will reduce the temperature, turning them anti-clockwise will 
increase it.

Electronic thermostat controls in fact give very few problems. Failures are usually indicated by the 
clutch failing to engage. This is normally due to thermo-amplifier failure/burn-out. Thermistor and 
potentiometer failures are relatively rare. They are very sensitive to even small changes in temperature. 
The  thermistor’s  resistance  increases  with  even a  very  slight  decrease  in  temperature.

• Evaporator coil ice-up: usually caused by incorrect setting, or incorrectly located capillary.
• Insufficient cooling:  may indicate incorrect setting; incorrectly located capillary; damaged capillary.
• Rapid cycling: often indicates a faulty thermostat.
• Evaporator coil temperature:  should be at a temperature of around 0-2°C when system is operating 

correctly. Icing up will occur if it is too cold; inadequate cabin cooling will result if it is not cold 
enough. The thermostat should be set accordingly.

• Vent temperature: can be missleading; 3-8°C is generally considered acceptable after the vents 
and ducting has cooled down, however coil temperature of about 0-2°C is a more positive check.
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TX Valve Types  |  TX Valve Problems

TX VALVE WITH CAPILLARY INCORRECTLY POSITIONED OR DAMAGED

TYPES OF TX VALVES

TX VALVE APPLICATION

TX VALVE ORIFICE STUCK CLOSED OR BLOCKED

INCORRECT TX VALVE

FUNCTION OF A TX VALVE

The bulb must be securely clamped to the evaporator outlet tube.

• Standard Internally Equalized
• Standard Externally Equalized
• Block Type Valve
• Fixed Orifice Tube

The types of TX valve listed above are all similar in function and they may be described as the 
carburetor of the air conditioning system. Briefly, TX valves have a small, variable orifice which opens 
and closes when temperature changes at the coil outlet are sensed by the capillary, which is always 
clamped to the coil outlet. Internally equalized valves have a small refrigerant charge which expands 
and contracts. This movement exerts pressure on a diaphragm to open or close the valve against the 
pressure in the evaporator coil itself. The pressure on the evaporator coil is exerted on the opposite 
side of the diaphragm by means of a bleed in the valve. Externally equalized valves are similar, except 
that a direct line to the evaporator coil allows evaporator outlet refrigerant pressure to the underside 
of the diaphragm, rather than by direct bleed-back as in the internally equalized valve.  The block valve 
is inherently equalized, ensuring accurate flow without sensing bulbs or equalizer tubes.

The fixed orifice tube is simply a set, or fixed, orifice which allows a metered amount of refrigerant 
through to the evaporator coil whenever the compressor is pumping. See valve operation schematics 
opposite.

• Internally equalized valves are used for small to medium coils
• For large coils, externally equalized or block valves should be used
• Fixed orifice tubes are used in conjunction with accumulators

This problem is indicated by low pressure readings and lack of cooling, as refrigerant flow is restricted, 
the low side can actually drop into vacuum. Blockages may be due to foreign material or moisture 
freezing at the orifice.

TX valves are rated in tons. The tonnage of a valve refers simply to the capacity of the valve. (1 ton 
equals 12,000 btu/hr). A valve which has a rating too low will ‘starve’ the coil reducing performance. 
A valve which is too big will flood the coil, and in extreme cases, liquid slugging may occur.  Liquid 
slugging can seriously damage the compressor.

To provide a metered amount of refrigerant to the evaporator according to demand.
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TX Valve Problems  |  TX Valve Operation & Components

TX VALVE WITH INCORRECT SUPERHEAT SETTING

TX VALVE DIAGNOSIS TIPS

TX valves are set to a particular superheat setting, usually around 5-10°C.  If set too low for the 
coil, the valve will open too early and flooding may occur. If set too high, the TX valve will not open 
as early as it should and starving will result. Please note that altering the superheat setting is not 
recommended, the correct valve selection is preferable.

Definition: Superheat is the additional heat absorbed by a gas after vaporization from a liquid state.
In the case of an evaporator it is therefore simply the temperature rise across the coil.

• Valve stuck closed or blocked - almost no cooling and low pressure readings (may even be in a 
vacuum on the low side).

• Valve stuck open - poor cooling performance and high pressure readings on both sides of the 
system.

• Valve too small - poor cooling and low reading on low side.
• Valve too big - poor cooling and high reading on low side.
• Capillary damaged or incorrectly positioned. A damaged capillary or a capillary bulb not clamped 

to the evaporator outlet will result in the valve tending to stay open.
• Capillary incorrectly clamped or positioned in the cold part of coil will result in the valve tending 

to stay closed.

INTERNALLY EQUALIZED TX VALVE

BLOCK TYPE TX VALVE

EXTERNALLY EQUALIZED TX VALVE

ORIFICE TUBE
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Hose Assembly & Repair Types

FUNCTION OF THE HOSE

E-Z CLIP

BEADLOCK / BARB CRIMPING

LOKRING PIPE REPAIR

LOKCLIP

There are two types of hoses found in automotive air-conditioning - flexible hose and rigid piping.
These are used to connect each component of the air-conditioning system to allow refrigerant to flow 
between each component. Air-conditioning piping is subject to wear and tear to the point that either 
replacement or repair is necessary due to refrigerant leakage.

Eaton E-Z Clip fittings are an easy-to-install, high-quality clip 
system similar to Lokclip, utilising a barb with two o-rings and 
two clips that crimp down on the hose. They are designed to use 
only Eaton GH134W Thin-wall hose.

See page 526 for assembly instructions.

This is the most widely used method but is restricted to working 
with universal hose fittings. This crimping tool can be used in 
conjunction with the Lokring Tool and welding which enable a 
wider scope for repair. 

This unique tool has the ability to join flexible and rigid piping in 
a crimp action that does not rely on heat, weather condition or 
material quality. Used in conjunction with the Beadlock crimper 
Tool, this enables a huge scope for pipe repair on OEM pipes and 
fittings.

See page 534 for assembly instructions.

An excellent addition to the Lokring repair tool, with the Lokclip 
jaws this provides a high quality hose-crimping clip system for 
use with thin-wall hose. 

See page 530 for assembly instructions.
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Hose Assembly & Repair Problems  |  Hose Fittings

HOSE ASSEMBLY & REPAIR PROBLEMS

HOSE FITTINGS INSTALLATION

• Beadlock/Barb Crimping - A problem associated with Beadlock or Barb crimping is leakage. The 
discharge pipe of the a/c system is most prone to leakage around a crimp fitting as it is the high 
pressure line of the system and a combination of heat, pressure and vibration put the join under 
intense stress.  Ways to combat this leak include: 

 (a) Double crimp the fitting.  Do this by crimping full and releasing the crimper. 
  Turn the crimp tool ¼ of a tool and re-crimp the fitting.
 (b) Use a thread sealant on the barb of the fitting before assembly.
 (c) Brace the hose sufficiently to avoid any undue vibration.
• Hose Delamination - Over time flexible hose can start to delaminate. This means that the layers 

that the hose is made up of start to separate and can tear allowing refrigerant in between the 
layers of the hose. This is most common on the suction side of the system. When refrigerant gets 
in between the layers of the flexible hose, it bulges the inner layers, effectively sealing off the hose. 
This then starves the compressor of refrigerant and oil, which could potentially cause system 
failure which is very hard to diagnose. If you are in doubt as to your situation, contact the support 
team at Highgate to get specific advice on your situation.

• Porous Hose - Over time hose will begin to de-generate and become porous. This can be identified 
with Highgate’s Hi-trace Electronic Leak detection system and will also show an oily residue on the 
hose surface. Porous hose must be replaced.

Correct installation of hose fittings is critical if leaks and problems are to be prevented. The following 
information should assist technicians to connect and tighten fittings correctly:
• All fittings should be lightly lubricated with clean refrigerant oil on both the sealing area and the thread. The o-ring itself, 

or the flare seat in the case of flare fittings, should be well oiled.

• Always line up the fitting so that it is sitting ‘square’ on the other connection. Never start the thread while the fitting and/or 

pipe is at an angle. Cracked aluminium flares, damaged o-rings, split o-ring fittings, and incorrectly seated flares will result 

if fittings are not carefully lined up and held in position while the nut is tightened.

• Always use two spanners to torque the nut after it has been finger-tightened. Special care should be taken with such things 

as condenser and evaporator connections to avoid damage to copper or aluminium connections and pipes.

• In the case of o-ring fittings, always ensure that the o-ring is installed snugly against the upset on the tube, never rely on 

the actual fitting installation procedure to push the o-ring up the tube into its proper position. See diagram ‘a’.

• Never use second hand o-rings.

• If desired, a copper flare washer can be used on flare fittings to assist with easy sealing.

• Always ensure that o-rings are compatible, and the correct size for the fitting.

DIAGRAM A DIAGRAM B
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Hose Fittings  |  Oils & Enhancers

HOSE FITTINGS SPECIFICATIONS

HOSE FITTINGS TORQUE SPECIFICATIONS

NOTES:
• Nominal fitting size is determined by the tube diameter immediately behind the nut. See shank 

diameter in diagram ‘B’ on previous page.
• Hose size is determined by the tube diameter on the tail of the fitting. See tail diameter in diagram 

‘B’ on previous page.

OILS & ENHANCERS DEFINITION

OILS & ENHANCERS PURPOSE

• Refrigerant oils are highly refined, non-foaming, low wax, low sulphur lubricants, refined to the 
highest possible levels of purity. The most common oil used in both R134a and R1234yf in today’s 
vehicles is PAG (based on polyalkalene glycol).

• Refrigerant oils are specifically formulated for use in refrigeration and air conditioning systems. These 
are an important part of an airconditioning system and have been likened to blood in the human 
body. High quality oil is absolutely essential to the optimum performance of an airconditioning 
system. On the contrary, a low-quality oil can result in premature failure of components. Always 
ensure the correct grade of oil is used.

Note: only use a refrigerant oil in a system or compressor, or with a refrigerant, for which it was 
designed.

• To lubricate and control friction in moving parts such as the compressor and the TX valve.
• To assist in sealing (in the compressor shaft seal, the oil is the final seal between the carbon or 

ceramic seal face and the compressor).
• To control corrosion.

FITTING NUMBER NOMINAL FITTING SIZE
HOSE  ACTUAL THREAD SIZE

I.D. O.D.
FLARE FITTINGS O-RING FITTINGS

MALE O.D FEMALE I.D. MALE O.D. MIOR MALE O.D. MOR FEMALE I.D.

FITTING SIZE FLARE FITTINGS O-RING FITTINGS
STEEL ALUMINIUM STEEL / ALUMINIUM

N°5 3/8” 5/16" 3/4" N-A   N-A N - A 9/16" - 18 UNF N-A  -  N-A 1/2"

N°6 3/8” 5/16" 3/4" 5/8" - 18 UNF 9/16" 5/8” - 18 UNF 5/8” - 18 UNF 9/16"

N°7 3/8” 5/16" 3/4" N-A   N-A N - A 11/16" - 18 UNF 11/16" - 18 UNF 5/8”

N°8 1/2“ 13/32 29/32" 3/4” - 16 UNF 11/l6" 3/4" - 16 UNF 3/4" - 18 UNF 11/l6"

N°10 5/8” 1/2" 1" 7/8” - 14 UNF 25/32" 7/8” - 14 UNF 7/8” - 18 UNF 25/32"

N°12 3/4" 5/8" 1-1/8” 1-1/16 - 14 UNF 1" 1-1/l6 - 14 UNF 1-1/l6" - 16 UNF 1"

N°5 N - A N - A 10 N-M ( 7 ft/lbs)

N°6 35 N-M (25 ft/lbs) 20 N-M (15 ft/lbs) 13 N-M ( 9 ft/lbs)

N°7 N - A N - A 17 N-M ( 12 ft/lbs)

N°8 55 N-M (40 ft/lbs) 40 N-M (29 ft/lbs) 20 N-M ( 14 ft/lbs)

N°10 70 N-M (50 ft/lbs) 55 N-M (40 ft/lbs) 30 N-M ( 21 ft/lbs)

N°12 90 N-M (64 ft/lbs) 70 N-M (50 ft/lbs) 40 N-M ( 28 ft/lbs)

ROTOLOCK COMPRESSOR HEAD FITTINGS 90 N-M ( 64 ft/lbs)

TUBE-O COMPRESSOR HEAD FITTINGS 90 N-M ( 64 ft/lbs)
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Oils & Enhancers

HANDLING OF REFRIGERANT OILS

AIRCONDITIONING SYSTEM OIL CHARGE

SYSTEM OIL CHARGE CALCULATION FOR LARGER SYSTEMS

• Refrigerant oil is hygroscopic (i.e. absorbs moisture) and should not be left open to atmosphere.
• Keep containers capped when not actually in use. Do not use oil that has been stored open for 

more than 3 months.
• Refrigerant oils vary in grade, type and refrigerant compatibility. Do not mix oils.
• Never re-use refrigerant oil, or add old or contaminated oil to a system.
• Never mix a PAG and an Ester Oil.

• The oil content of an air conditioning compressor should always be checked:
 a) at installation;
 b) whenever the system is repaired;
 c) Whenever a leak has occurred - especially leaks on the discharge, or ‘high’ side of the system.
• Use only the correct type and grade of oil for the compressor and refrigerant concerned.
• Check the correct quantity of oil required for the compressor concerned, and calculate the extra 

oil required for larger systems. (For example, the recommended oil charge will not be sufficient for 
a roof-top system with 6 metre hoses, or a split system with two evaporators.

• Do not overfill. An excessive overcharge of oil is as undesirable as an undercharge.

The oil charge should be calculated on the amount of refrigerant required for the system, but the 
specifications and methods of calculation vary with compressor makes and models. The simple 
guide below should obviate problems arising from insufficient lubricant where the manufacturer’s 
specifications are not available.
• Normal passenger systems: factory compressor oil charge.
• Dual or split systems:
 a) Add 15-20cc of oil for each additional evaporator or condenser coil.
 b) Add 3-4cc of oil for each additional metre of hose, over 5m (i.e., where total length of all 
      hoses exceeds 5m).
• Rooftop systems: as for dual and split systems.
• Factory, or OE systems: check manufacturer’s specification and charge the system accordingly.
• Oil compensation:  when a component has been replaced or flushed, oil will need to be added.
• The following guide may be helpful:
 Condenser:   25 - 40 cc
 Drier:   15 - 30 cc
 Accumulator:  30 cc (plus the amount drained from the old accumulator)
 Evaporator:  25 - 40 cc
 Hoses and pipes: 5 - 10 cc per metre
Remember to add at least an equivalent amount of new oil to replace oil captured during the recovery 
process. This can be checked by draining or viewing the oil separator bottle on your recovery unit 
or automatic charging station.
• Variable compressors: With these types of compressors, it is increasingly critical to have the 

correct amount of oil in view of the control valve operating correctly. When installing a new 
compressor, it is recommended to completely flush the system to remove all old oil and ensure 
that the amount of oil is correct to the manufacturer’s recommendations within the replacement 
compressor.
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Oils & Enhancers

VACUUM PUMP OILS

RECLAIM EQUIPMENT & VACUUM PUMP OIL

• Correct grade and quantity for the particular pump is essential, and the oil level should be checked 
regularly.

• The oil in a vacuum pump must be renewed at correct intervals. Most vacuum pump manufacturers 
recommend that the oil be changed:

 a) Whenever a badly contaminated system has been evacuated.
 b) Whenever an increase in oil level in the vacuum pump is noted, as this is probably due to 
      absorption of an excessive amount of moisture.
 c) Whenever the specified level of vacuum cannot be reached.
 d) After every 25 vehicle system evacuations.

SPECIAL NOTE: if a vacuum pump requires flushing, only the correct grade of vacuum pump oil should 
be used as a flushing agent. Do not use flushing oils or solvents in vacuum pumps. It is important to 
note that Refco brand vacuum pumps take a special grade of oil – part number OI-37950.

NOTES:
• Do not mix oils. Compressor or vacuum pump damage may result.
• Oils are chemicals; observe good housekeeping practices and wear protective clothing.
• Oils are hygroscopic (absorb moisture); keep tightly capped when not in use.
• Vacuum pump oils are special oils with a very low vapour pressure.
• Many reclaim units are now oil-less so no oil is required. Those mentioned above are hermetic 

compressors that do require oil.

IMPORTANT INFORMATION: Do not use refrigerant oils in vacuum pumps.

JAVAC VACUUM  PUMPS DS40, DS45, DS60, SHARK OI-37952

REFCO VACUUM  PUMPS MOST  REFCO  MODELS OI-37950

ROBINAIR VACUUM  PUMPS 15010, 15103, 15107, 15117 OI-37952

ROBINAIR RECLAIM  UNITS 17101, 17161, 17181, 17201 OI-37501 (3GS)

ROBINAIR RECLAIM  UNITS 34788, 34988, BABYKOOL ESTER ISO 22 (POE)

Oil Specifications by Type and Make.

MAKE EQUIPMENT MODEL PART N°
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PAG OIL APPLICATION GUIDE            NOTE: FULL CHARGE FOR COMPRESSORS.

MAKE COMPRESSOR MODEL OIL CHARGE LUBRICANT PART N°

BEHR / BOSCH AS USED ON BMW 220 ml OI-29500

CENTROTA CPR100 130 ml OI-29500

CENTROTA FS507 - FS508 150 ml OI-29500

CENTROTA FS607 - FS617 130 ml OI-29500

CHRYSLER V-2 237 ml OI-29500

CLARION ALL CPW MODELS 120 ml OI-29500

CLARION WANKEL 150 ml OI-29500

DELCO A6 MODELS WITH PAG 284 ml OI-29500

DELCO R4 MODELS 170 ml OI-29500

DELCO V5 MODELS (SOME) 236 ml OI-29500

DELPHI V5 MODELS (SOME) 220 ml OI-29500

DIESEL KIKI DKS12, DKS15 SERIES 120 ml OI-29500

DIESEL KIKI TM13 131 ml OI-29525

DIESEL KIKI TM14, TM15 147 ml OI-29525

DIESEL KIKI DKS16, DKS17 200 ml OI-29525

DIESEL KIKI DKV14C 200 ml OI-29500

FORD FX10, FX15 170 ml OI-29500

HALLA SOME, inc. AU FALCON 180 ml OI-29525

HITACHI MJS130, MJS170 170 ml OI-29525

KEIHIN N150 150 ml OI-29500

NIPPON  DENSO 2C90 240 ml OI-29525

NIPPON  DENSO 2M110 250 ml OI-29525

NIPPON  DENSO 6D152 340 ml OI-29525

NIPPON  DENSO 6E171 260 ml OI-29525

NIPPON  DENSO 6P127A 150 ml OI-29525

NIPPON  DENSO 6P127D 100 ml OI-29525

NIPPON  DENSO 6P134 180 ml OI-29525

NIPPON  DENSO 6P148 160 ml OI-29525

NIPPON  DENSO 10P08E 90 ml OI-29525

NIPPON  DENSO 10P13 100 ml OI-29525

NIPPON  DENSO 10P15 120 ml OI-29525

NIPPON  DENSO 10P17 140 ml OI-29525

NIPPON  DENSO 10P25C 400 ml OI-29525

NIPPON  DENSO 10PA15 100 ml OI-29525

NIPPON  DENSO 10PA17 130 ml OI-29525

NIPPON  DENSO 10PA20 160 ml OI-29525

NIPPON  DENSO TV10 110 ml OI-29500

NIPPON  DENSO TV12 120 ml OI-29500

NIPPON  DENSO TV14 130 ml OI-29500

PANASONIC SA SERIES 140 ml OI-29500

PANASONIC NL SERIES 180 ml OI-29500

SANDEN SD505 100 ml OI-29500

SANDEN SD507 (MOST) 150 ml OI-29500

SANDEN SD508 (MOST) 175 ml OI-29500

SANDEN SD510 135 ml OI-29500

SANDEN SD705, SD708, SD709 series 135 ml OI-29500

SANDEN SD7H13, SD7H15 (Not 8 series) Use OI-29525 for models starting with 8 150 ml OI-29500

SANDEN SD7H13, SD7H15 (8 series) Model codes starting with 8. (e.g. 8031) 150 ml OI-29525

SANDEN SD7V16 SOME 135 ml OI-29525

SANDEN SDB7 100 ml OI-29500

SANDEN TR70 MOST 120 ml OI-29525

SANDEN TR90 SERIES 150 ml OI-29525

SANDEN TRS90 SERIES (MOST) 135 ml OI-29525

SANDEN TRF105, TRS105 (MOST) 150 ml OI-29525

SEIKO SEIKI 110 SERIES 180 ml OI-29500

SEIKO SEIKI 140, 170 SERIES 200 ml OI-29500

SEIKO SEIKI SS806T 150 ml OI-29500

TECUMSEH HGB1000 R134a WITH PAG 320 ml OI-29500

UNICLA DA299, DC120 300 ml OI-29525

UNICLA UPS107 140 ml OI-29525

UNICLA UPS109 150 ml OI-29525

YORK STANDARD WITH PAG* 415 ml OI-29500

YORK H/DUTY WITH PAG* 415 ml OI-29500
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Oils & Enhancers

HI-COOLTM (SYSTEM PERFORMANCE ENHANCER)

Hi-CoolTM is a system additive designed to improve system performance. It works by removing oil 
sludge/ build up from the wall of heat exchangers and other system components.  

Results found include:
• Cabin air stays cooler , less humid, up to 15% cooler
• Faster cool down on hot days  - up to 15% cooler
• Uses less energy to keep cool, faster refrigerant flow, and more efficient  heat exchange
• Longer compressor life -  better lubricity, lower friction, less wear , longer life
• Reduced leakage – conditions hoses, seals and o-rings.

After a period of time, the internal surfaces of the pipework of condensers and evaporators in any 
airconditioning system will accumulate oily, gummy deposits, which restrict the flow of refrigerant and 
also reduce the system’s ability to perform and cool. The result is that that air conditioner works harder 
and uses more energy for less cooling.

Hi-CoolTM cleans the build up from all internal metal surfaces and creates a lasting elastro-hydrodynamic 
lubricant barrier on the surfaces of all metal parts of the air conditioner, including the compressor. This 
stops any new build up on the surfaces, reduces heat caused by friction, gives a smoother surface for 
less drag and speeds up refrigerant flow. It also suppresses foaming and creates a greater load bearing 
shield.

Hi-CoolTM also improves heat transfer by minimizing lubricant migration on the heat exchanger surfaces 
of the evaporator and condenser. By eliminating the energy- robbing barriers caused by stagnant oil 
and carbon deposit, the system requires less energy and cools more efficiently. This means faster 
cooling down when the car starts on a hot day and cooler vent temperatures when the car is running 
and moving.

Hi-CoolTM comes with and without dye and is available with a unique injection system which makes 
adding to systems that are even fully charged with refrigerant, easy.

Oil layers attach to heat exchanger 
surfaces, which impedes heat 

transfer.

REFRIGERANT

OILOIL

OILOILOIL

OILOILOIL

SURFACE WALL OF 
HEAT EXCHANGER

WITHOUT HI-COOLTM A/C SYSTEM ADDITIVE

Activated polar HI-COOLTM A/C 
System Additive molecules displace 
oil molecules, facilitating better heat 

transfer.

REFRIGERANT

HI-COOLTM A/C SYSTEM ADDITIVE MOLECULES

SURFACE WALL OF 
HEAT EXCHANGER

OIL

OIL

WITH HI-COOLTM A/C SYSTEM ADDITIVE

With HI-COOLTM

Without HI-COOLTM
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Oils & Enhancers

HI-COOLTM (SYSTEM PERFORMANCE ENHANCER) INSTALLATION

Installing Hi-CoolTM is fast and easy, taking only a couple of minutes to complete. Please refer to the 
steps below to safely inject this into any vehicle. Remember, you are best to replace the drier to ensure 
maximum performance from Hi-CoolTM A/C System Additive. We recommend the TO-36193 Hi-CoolTM 

injector to inject Hi-CoolTM into running systems.

STEP 1

Unscrew the plastic cap from your injector tool. Need an 
injector tool? Call 1800 15 15 15!

STEP 5

Remove low side R134a cap from the vehicle and connect 
coupler by pulling back green collar.

STEP 2

Place the HI-COOLTM A/C System Additive cartridge inside 
your injector tool.

STEP 4

Screw hose tightly on to the HI-COOLTM A/C System Additive 
cartridge to ensure no leaks. At this point, if the system is fully 
charged, start engine and ensure the compressor is running 
to bring low gauge down.

STEP 6

Screw the large end of the injector with one hand while 
holding the tool with your other hand. NOTE: this can be 
done under pressure, but the vehicle must be running.

Screw the plastic cap back onto your injector tool to safely 
secure the HI-COOLTM  A/C System Additive cartridge.

STEP 3
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PRE-SERVICE & REFRIGERANT RECOVERY

PRE-SERVICE CHECK

RECOVERY OF REFRIGERANT FROM A SYSTEM

It is assumed that a TAFE or similar automotive air conditioning course has been successfully 
completed and that refrigerants, safety procedures and proper equipment use are understood. All 
legislation for licensing and refrigerant trading authorisations (and respective codes of practice) 
need to be complied with.

There is a wide variety of charging and recovery equipment available and the procedures outlined 
below should be read in conjunction with specific equipment instructions.

Correct procedures are critical for proper system operation - failure to follow these procedures may 
not only involve a breach of regulations, but could result in over-charging, under-charging, and/or 
the allowance of air/moisture into the system. Poor performance and compressor failure will result.

1. Visually check all components for obvious signs of leaks (i.e. oily/dusty patches), check the belt, 
compressor bracket and bolts, hose condition, sight glass colour, viscous and/or electric fan 
operation. Also check the condenser and radiator for airflow obstructions.

2. Connect the manifold gauges to the system and check pressures both with engine off (0 rpm), 
and at 1500-1750 rpm (assuming some gas is in the system). Compare these pressures with the 
figures in the system operating pressure guide, taking care to note the ambient temperature. If 
the system pressures are not correct, establish the fault (refer system diagnosis chart). 

3. In some instances, it may be necessary to add refrigerant to confirm this diagnosis.
4. If the system is unusually low in refrigerant, establish the cause of the leak at this stage.

1. Establish what refrigerant is in the system with a refrigerant analyser, and also identify what 
pressure is contained in system (refer to Temperature-Pressure Relation Table on page 795). Any 
excessive pressures may indicate air in the system. Ensure that this is done with the engine off. 
Take care that the components of the system are all at ambient temperature. If the vehicle/air 
conditioner has been operating, some components will be hot and some will be cold, giving an 
unknown average temperature of the refrigerant. 

NOTE:
• There are now many alternative refrigerants and some have similar vapour pressures at some 

temperatures so it is a very wise practice to check the refrigerant in the system with a refrigerant 
identifier. 

2. With engine off, and the recovery unit prepared according to instructions for the unit concerned, 
connect the recovery unit suction port to the centre connection of a standard test manifold.

3. With manifold valves closed, connect the high and low side manifold lines to the appropriate 
access ports on the air conditioner.

4. Open the high side valve and start the recovery unit.  When recovery is complete, close the 
manifold valves and disconnect the recovery unit.

NOTES: 
• Recovery may be quicker if both the high and low side manifold valves are opened. However it is 

better not to do this on some compressors like the Seiko-seiki, Panasonic and Matsushita brands, 
as it tends to remove the oil.
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REPAIRING THE SYSTEM

PRIMARY EVACUATION & LEAK CHECK

1. Repair/replace any faulty component - in particular refer to ‘compressor replacement procedure’, 
and ‘flushing procedure’.

2. Check compressor oil level where applicable. See ‘oils and specifications’. 
3. Always replace the receiver-drier or accumulator, and add the appropriate amount of oil if:
 a) The receiver-drier has not been changed for two years.
 b) The system has been left open for more than ten minutes.
 c) The system has been properly capped or plugged, but has been de-gassed for more than 
      two hours.
 d) Replacing any failed component or repairing a leak.
4. Check that the system is fitted with the recommended HP-LP switch. 
5. Check hose condition and replace where necessary.
6. Replace any disturbed O-rings or hose clamps.
7. Check belt tension and condition, and replace if worn, cracked or glazed.

NOTE:
• If satisfactory repairs cannot be completed the unit should be decommissioned. Failure to do this 

may be in breach of regulations in some states with some refrigerants.

1. Connect the vacuum pump to the manifold centre port hose and evacuate through the high side 
only until a vacuum of around 28 in/hg (95 kpa gauge pressure) is reached. The low side should 
drop below zero within a few minutes. If not, a blockage is indicated.

2. With the manifold gauge shut off, check the vacuum loss after 15 minutes. If the loss is more than 
0.5 in/hg (2kpa) a leak is evident which must be located and repaired. It may be necessary to add 
some refrigerant to locate this leak. If a leak ls located at the shaft seal of a new compressor, run 
the system for 10-20 minutes to “bed in” the seal and re-check for leaks. A good practice is to 
use a digital vacuum gauge which will help to identify very quickly any loss of vacuum and then 
any leak in the system.

• Take care that the cylinder weighing mechanism, or other cylinder over-fill protection is functioning 
correctly. Do not over-fill cylinders. (80% by volume is the maximum level to which any cylinder 
should be filled with liquid).

• Do not mix refrigerants.
• Where the air conditioner has only one available access port, recovery may be done through that 

port only, whether it is on the high or the low side.
• Note the quantity and condition of any oil removed from the system during the recovery process.
• Ensure that this oil is replaced with the same quantity and grade of oil, or, where a component 

is to be repaired or replaced, that the system is flushed and recharged with the correct total oil 
charge.

• Never re-use refrigerant oil.
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SECONDARY EVACUATION

PERFORMANCE & FINAL LEAK CHECK

CHARGING THE SYSTEM WITH REFRIGERANT

1. Evacuate the system to 29.2 in hg or more (99 kpa on the test gauge) and hold this vacuum for at 
least 45 minutes. Some systems will require a much longer vacuum, depending on age, moisture, 
contamination, etc. Always take ambient conditions into account; on humid days 60-120 minutes 
is recommended.

2. If adequate vacuum cannot be reached it indicates that moisture is still in the system (and is 
being boiled off) or that the vacuum pump is not performing properly (e.g. dirty oil), or is of 
insufficient capacity.

For Vacuum Pumps please see page 717.

1. Check the pressures with the engine off (0 rpm), and again at 1500-1750 rpm. Compare the 
gauge readings with the system pressure guides on page 797. Check the vent temperatures. If 
they are not correct, take steps to rectify this.

2. Leak test thoroughly with an efficient electronic leak detector, or, if using fluorescent dye, with an 
ultra-violet detector. Note: gas (flame) type detectors do not work with R134a.

3. Remove the charging lines and replace the service valve dust caps.
4. Do not release the vehicle unless you are completely satisfied that the system is functioning and 

that there are no leaks or problems.
IMPORTANT: Remember that there are no short cuts to proper, successful servicing.

1. Wear safety goggles and observe all normal safety precautions.
2. Connect the manifold centre port hose to the refrigerant cylinder on the weighing platform, 

remembering to lightly purge with refrigerant to remove any air in the line. If using an automatic 
charging station, this will be conducted by the machine.

3. Partially charge the system with 250 grams of refrigerant, through the high side until the low 
pressure switch is de-activated. (Check that the low side gauge shows a similar reading to the 
high side, indicating that there are no blockages or restrictions).

4. Rotate the compressor shaft by hand 10-12 times to ensure that no oil or liquid refrigerant is 
trapped within the cylinders or suction side of the compressor.

5. Run the engine at fast idle, and with the a/c set at maximum cooling, complete the charging 
procedure through the low side only.  Whilst charging, keep the low side gauge reading under 
300 kpa (43 psi) by limiting the amount the low side valve is opened. This ensures that vapour 
only enters the system to avoid liquid slugging in the compressor.
NOTE: Any vane compressors such as Panasonic, Matsushita and Seiko- Seiki compressors 
should only be charged through the high side to avoid any damage being done to the vanes 
during charging.
The correct refrigerant charge should be determined by all of the following criteria: 

 a) The manufacturer’s specification; accurately weigh or measure the refrigerant.
 b) System pressures - must be normal for the ambient temperature.
 c) Sight glass (use only as a guide check) - normally clear, but some vehicles, especially those
      with electric condensing fans, normally show some bubbles when the vehicle is stationary. 
 d) Evaporator coil temperature should be 0-2°C. Ideally, vent temperature should be about 
      3-6°C at low fan speed.
6. If the compressor has back-seat valves, wind the spindles out (see page 766) before removing 

the manifold lines.
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FLUSHING SYSTEMS & COMPONENTS

FLUSHING SOLVENTS

FLUSHING PROCEDURE

NOTES & HELPFUL HINTS FOR FLUSHING SYSTEMS

It is imperative that automotive air conditioning systems are flushed with an approved solvent 
whenever any contamination is suspected, or whenever any of the following occur:
• Internal failure of the compressor.
• Internal failure of the receiver-drier or accumulator.
• Excessive moisture in the system.
• The system has been left open to the atmosphere for a long period.
• Excessive oil in the system.

TO-28729 is the only flushing agent we approve for automotive air conditioning systems. It is 
effective, economical, stable, re-usable (after filtering), and benign to automotive air conditioning 
components both for R12, R134a and R1234yf systems. TO-28729 should be used with care and 
disposed of through accredited liquid waste disposal services, within the context of any relevant 
legislation. It is a flammable liquid.

1. Disconnect the receiver-drier or accumulator and discard. 
2. Disconnect all hoses and lines and discard all o-rings.
3. Remove the TX valve or orifice tube and discard.
4. Using TO-28760 flush kit, or similar, inject flushing agent TO-28729 using dry nitrogen. (Do not 

use compressed air) in liquid form into evaporator, condenser and all hoses and lines. (Do not 
flush the compressor - see first note/helpful hint below).

5. Most technicians find it simplest to power flush the components. Alternatively, fill the 
component(s)  with liquid solvent, cap off openings and leave for 5-10 minutes to allow oil, 
foreign material and any other contaminants to be dissolved and/or loosened.

6. All solvent vapour must be totally removed during evacuation. ‘Purging’ with dry nitrogen prior 
to evacuation may be necessary to achieve this.  

7. For badly contaminated systems, repeat (4), (5) and (6) until no oil or foreign material is evident. 
8. After  repairs  are  completed,  drain and  renew  oil  charge,  and  renew all disturbed O-rings.
IMPORTANT: This is critical.

• Do not flush compressors when they are fitted. Flushing automotive air conditioning compressors 
with refrigerants or solvents is not normally recommended at all, and the following information 
may be useful.

• (i) most late model swash-plate or vane type compressors are not designed to be dismantled 
and some internal parts may not be available. In addition, re-assembly may not be possible 
without special equipment.

• (ii) for those models which can be dismantled such as the York or Tecumseh twin cylinder models, 
the compressor should be stripped, cleaned, and the oil charge renewed.

• (iii) most compressor manufacturers do not recommend flushing out compressors with solvent.
• Do not flush receiver-driers or accumulators - renew them.
• Always renew the oil with the correct oil charge for the system concerned.
• Never re-use refrigerant oil.
• All o-rings must be renewed if disturbed.
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• TO-28729 can be re-used many times if impurities are removed. It is very stable chemically, 
and unless you are removing a heavy acid contamination, filtration will remove most of the 
contaminants and leave it suitable for re-use as a solvent. A suitable in-line refrigeration filter can 
be used.

• Do not use your reclaim or reclaim/recycle equipment to reclaim or recycle solvents.
• Never mix refrigerants and/or solvents.
• Dry nitrogen is not a solvent. It will remove moisture effectively, but will not remove acid, corrosion, 

foreign material, excessive oil, etc. It is not a substitute for flushing.
• Keep containers capped when not actually in use.
• In no case should R134a be used to flush a system unless used with a closed type system such as 

a fully automatic charging machine.
• It is difficult, and sometimes impossible, to flush out components such as modine or parallel 

flow condensers if they are badly contaminated. Debris can be lodged in one or more tubes 
and be freed up later when the system is operating. Flushing is essential where contamination is 
suspected, but complete removal of foreign material cannot be guaranteed.

ELECTRONIC LEAK DETECTORS - ADVANTAGES

ELECTRONIC LEAK DETECTORS - DISADVANTAGES

HYDROGEN LEAK DETECTOR / TRACER GAS - ADVANTAGES

• A large range of electronic leak detectors suitable for refrigeration and air conditioning systems 
are available.

• Most are relatively inexpensive and most of the later models will detect leaks in both CFC and 
R134a systems.

• Most electronic leak detectors operate by sensing the corona discharge of a molecule.
• Economical.
• Reliable.     
• Will detect both R134a and R12 (and other CFC’s and HCFC’s).
• Good electronic detectors are very sensitive and will detect very small leaks if used correctly.

• Will indicate “leaks” when the sensing tip comes into contact with oils or other substances 
commonly found in the engine bay of a vehicle.

• Requires some practice to operate correctly.
• Electronic detectors are sensitive instruments and require some care and maintenance.
• Efficiency can be seriously affected by ambient conditions such as wind.

The most reliable leak detection system on the market. This method will almost certainly find a leak 
even if it is in an out of sight position. It works by adding a percentage of hydrogen to suitable dry 
nitrogen, and then testing with a detector that detects the hydrogen, to identify a leak source. This 
is conducted by pressurizing a system using a nitrogen style regulator, and then detecting with the 
correct tracer gas leak detector. A standard style regulator will not detect the Hi-Trace Tracer Gas. 
Care should be taken to ensure the pressure does not exceed 1500kPa where the evaporator is a 
plate and fin construction, and 2000KPa where the evaporator coil is a tube and fin construction or 
a modine construction.

• Very reliable and will detect leaks in any type of system.
• Hi-Trace detectors are very sensitive and will detect very small leaks if used correctly.
• Hydrogen is lighter than air, so it is easier to detect above each item.
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System Repair & Servicing

HYDROGEN LEAK DETECTOR / TRACER GAS - DISADVANTAGES

ULTRA-VIOLET TRACER DYE LEAK DETECTORS - ADVANTAGES

TRACER FLUID CONCENTRATION:

ULTRA-VIOLET TRACER DYE LEAK DETECTORS - DISADVANTAGES

• Correct apparatus is needed.
• Efficiency can be affected by ambient conditions such as wind.

An organic, tracer fluid which fluoresces under ultra-violet light is injected into the system. This fluid 
is harmless to refrigerants, lubricants and components and is left in the system.

• Economical.
• Reliable.
• Pinpoints the exact source of the leak or leaks.
• Detects leaks in refrigerated air conditioning systems, refrigeration, and many other types of fluid 

systems.
• Unaffected by wind or other ambient conditions.
• Remains in the oil in the system and enables the system to be leak-checked at any time without 

any additional cost or operation time.
• Once the leak is repaired, the dye can be cleaned off and the integrity of the system and the 

repair can be confirmed easily.

NOTE:
• The above comments are made with reference to Glo-LeakTM, and some points may not apply to 

other brands of ultra-violet lamps and tracer dyes.

The amount of tracer fluid varies with the type of fluid and the system. The following is a general 
guide for Glo-Leak tracer fluids:

A/C Systems - Standard Passenger: TO-27583 /TO-27780 - 7.5ml Dose

A/C Systems - Large/Dual/Rooftop: TO-27583 /TO-27780 - 1 part tracer fluid to 50 parts of oil in the system

A/C Systems - Standard Passenger: TO-27444/1, TO-27600 / TO-27820 - 2.5 ml Dose

A/C Systems - Large, Dual, Rooftop: TO-27444/1, TO-27600 / TO-27820 - 1 part tracer fluid to 100 parts of oil in the system

Refrigeration Systems: TO-27583/TO-27780 - 1 part tracer fluid to 50 parts of oil in the system

Automatic Transmissions, Gearboxes: TO-27650 - 1 part tracer fluid to 300 parts of oil in the system

Automotive Radiators / Cooling Systems: TO-27700 - 1 part tracer fluid to 250 parts of water in the system

Engine Oil, Engine Lubrication Systems: TO-27760 - 1 part tracer fluid to 200 parts of oil in the system

Hydraulic Systems (NOT BRAKE SYSTEMS): TO-27760 - 1 part tracer fluid to 130 parts of oil in the system

Engine Fuel Systems: TO-27760 - 1 part tracer fluid to 300 parts of fuel in the system

• Requires addition of dye to system.

NOTE:
• The above comments are made with reference to Glo-LeakTM, and some points may not apply to 

other brands of ultra-violet lamps and tracer dyes.
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System Repair & Servicing  |  Wiring Schematics

NITROGEN PRESSURIZATION WITH SOAP SOLUTION - ADVANTAGES

NITROGEN PRESSURIZATION WITH SOAP SOLUTION - DISADVANTAGES

TYPICAL A/C WIRING CIRCUIT

Refrigerant is recovered from the system, and the nitrogen is added through an approved regulator, 
and via the coupler port on the low side of the system. Care should be taken to ensure the pressure 
does not exceed 1500kpa where the evaporator is of a plate and fin construction, and 2000kpa 
where the evaporator coil is a tube and fin construction or a modine construction. This method 
simply requires the application of a soapy solution to suspect areas. When the system is pressurized, 
bubbles will appear where a leak is present.

Ordinary soapy water can be used but more effective mixtures are commercially available. The best 
mixture to use is Big-Blu – part number TO-25238.

Another way of confirming that a system does not have a leak is to pressurize the system to a known 
pressure and turn the valve off at the bottle, using the regulator pressure reading to test whether 
the system will hold pressure. Leaving the system for 60 minutes like this will help to identify if the 
system leak is repaired.

• Very economical  
• Easy to use   
• Reliable for larger leaks 

• May not pick up compressor seal leaks
• Can be difficult to identify a leak in an out of sight position, such as an evaporator coil under a dash
• You need to be able to see the bubble to find the leak

CAUTION:
This is a basic diagrammatic circuit for a typical air conditioning circuit.
Extreme care must be taken with late model vehicles where wiring can affect computer circuit boards. 
Circuit diagrams are supplied with late model integrated systems and the instructions contained in 
them should not be modified in any way.

7
A/C Relay

1
From Ignition Switch 12V +

A/C Radiator 
Fan Relay

2
Blower Fan 

Switch

11
Radiator Fan Motor

9
Radiator Fan Relay

12
Low

Pressure 
Switch

13
High

Pressure 
Switch

14
High

Temperature 
Cut-Out 
Switch
115°C

10
Water 

Temperature 
Switch

16
Surge 
Diode 15

A/C 
Compressor 

Clutch

17
Condenser 
Fan Motor

Fuse 30AA/C Fuse 
7.5A

5
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6
A/C 

Thermostat

4
Blower Fan Motor

3
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Temperature - Pressure Relation Table

TEMPERATURE-PRESSURE RELATION TABLE

-40 -39 6 -50 15 76 11 34 5 30 4

-38 -33 5 -45 13 93 13 47 7 42 6

-36 -26 4 -38 11 111 16 60 9 55 8

-34 -19 3 -32 9 130 19 75 11 70 10

-32 -11 2 -25 7 150 22 90 13 85 12

-30 -2 0 -17 5 172 25 106 15 101 15

-28 7 1 -9 3 195 28 124 18 118 17

-26 16 2 0 0 220 32 143 21 137 20

-24 27 4 10 1 247 36 162 24 156 23

-22 38 5 20 3 275 40 183 27 177 26

-20 50 7 31 5 304 44 206 30 199 29

-18 62 9 43 6 336 49 229 33 222 32

-16 75 11 56 8 369 54 254 37 247 36

-14 90 13 69 10 405 59 281 41 273 40

-12 105 15 84 12 442 64 308 45 300 44

-10 120 17 99 14 481 70 338 49 329 48

-8 137 20 116 17 523 76 369 53 360 52

-6 155 22 133 19 567 82 401 58 392 57

-4 174 25 151 22 613 89 435 63 426 62

-2 194 28 171 25 661 96 471 68 462 67

0 215 31 191 28 712 103 509 74 499 72

2 236 34 213 31 765 111 548 80 538 78

4 260 38 236 34 821 119 590 86 579 84

6 284 41 261 38 880 128 633 92 622 90

8 309 45 286 42 941 137 678 98 667 97

10 336 49 313 45 1006 146 726 105 714 104

12 364 53 342 50 1073 156 775 112 764 111

14 394 57 372 54 1143 166 827 120 815 118

16 425 62 403 58 1217 176 881 128 869 126

18 457 66 436 63 1293 188 937 136 925 134

20 490 71 470 68 1373 199 996 144 983 143

22 526 76 507 73 1457 211 1057 153 1044 151

24 562 82 544 79 1544 224 1121 163 1107 161

26 601 87 584 85 1634 237 1187 172 1173 170

28 641 93 626 91 1728 251 1256 182 1242 180

30 682 99 669 97 1826 265 1327 192 1313 190

32 726 105 714 104 1928 280 1401 203 1387 201

34 771 112 761 110 2034 295 1479 214 1464 212

36 818 119 811 118 2144 311 1559 226 1544 224

38 866 126 862 125 2258 328 1642 238 1627 236

40 917 133 915 133 2377 345 1728 251 1713 249

42 970 141 971 141 2500 363 1818 264 1803 261

44 1024 149 1029 149 2628 381 1910 277 1895 275

46 1081 157 1089 158 2760 400 2007 291 1992 289

48 1140 165 1152 167 2898 420 2106 305 2091 303

50 1201 174 1217 176 3040 441 2209 320 2194 318

52 1264 183 1284 186 3187 462 2316 336 2301 334

54 1330 193 1354 196 3340 484 2427 352 2412 350

56 1398 203 1427 207 3498 507 2542 369 2527 367

58 1468 213 1502 218 3662 531 2661 386 2646 384

60 1541 223 1581 229 3832 556 2784 404 2770 402

62 1616 234 1662 241 4008 581 2911 422 2898 420

64 1694 246 1745 253 4190 608 3043 441 3031 440

66 1774 257 1832 266 4378 635 3181 461 3169 460

68 1857 269 1922 279 4573 663 3323 482 3313 480

70 1943 282 2158 313 4776 693 3471 503 3463 502

62 1616 234 1662 241 4008 581 2911 422 2898 420

64 1694 246 1745 253 4190 608 3043 441 3031 440

66 1774 257 1832 266 4378 635 3181 461 3169 460

68 1857 269 1922 279 4573 663 3323 482 3313 480

70 1943 282 2158 313 4776 693 3471 503 3463 502

TEMP. °C R1234yf R134a R32 (Bubble)          R404a           (Dew)
kPa PSI kPa PSI kPa PSI kPa PSI kPa PSI



TECHNICAL GUIDE

796

TE
C

H
N

IC
A

L

©  2015 Highgate Industries Wholesale Pty Ltd  |  All rights reserved.

Evacuation & Vacuum Pump Facts

EVACUATION & GENERAL INFORMATION

VACUUM PUMP PERFORMANCE / VACUUM RATING

VACUUM PUMP DISPLACEMENT

The evacuation of a refrigerant system such as an automotive air conditioner may be defined as the 
removal of air, moisture and any other gases or vapours which may be present.

Since air and moisture cause problems both in the operation of the system and potential system 
damage, it is critical that the evacuation procedure is carried out thoroughly and correctly, with a 
vacuum pump of adequate performance and capacity.

Some of the problems caused by air and moisture include:
• Excessive head pressure. In the context of refrigerants, air may be considered as non-condensable. 

If any significant amount of air is present in a system, high head pressure will result, causing a loss 
of system performance and in severe, prolonged cases, damage to the compressor.

• Freeze-up. Even a minute amount of moisture can form sufficient ice crystals to block or restrict 
the TX valve orifice or orifice tube, affecting performance.

• Corrosion. Moisture in its own right will corrode many metals, but in conditions of heat and 
pressure, it can combine with the chlorine of some refrigerants, forming hydrochloric acid, which 
is highly corrosive.

• Sludging. Refrigerant oil is the exception to the rule “oil and water do not mix”. Refrigerant oil 
is hygroscopic, absorbing moisture quite readily. If sufficient moisture-formed acid is present, 
the acid and the oil form a closely bonded mixture of globules which severely reduces the oil’s 
lubricating qualities.

Usually quoted as ‘in.hg’ or ‘micron rating’.

By performance, we mean the ability to pull a vacuum deep enough to vaporize moisture at normal 
temperatures. Even at ‘normal’ temperatures (15°c - 25°c ambient) moisture will not vaporize until a 
vacuum of around 17,000 microns (29.25 in.hg) or better is attained.

At lower temperatures, a much deeper vacuum is required. To ensure that the vacuum pump will 
remove moisture under all conditions, the pump must be capable of pulling a vacuum of at least 
5,000 microns (29.6 in.hg) or better, and be capable of holding that vacuum throughout the system.
This is particularly important when it is remembered that the level of vacuum at the inlet of the pump 
is not necessarily the same as the vacuum in all parts of the system, since there is always a loss of 
performance. In fact, a drop in performance will occur between the inlet of the pump and the other 
end of the vacuum line, even if it is relatively short.

Performance is the single most important factor in selecting a vacuum pump for automotive air 
conditioning.

The displacement of a pump is simply the cubic displacement of the cylinder. This is purely a geometric 
volume dimension and is not relevant to vacuum pump performance in terms of its capability to pull 
an adequate vacuum. Rather, it is an indication of its capacity to move a volume of air/vapour.
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Evacuation & Vacuum Pump Facts  |  R134a Pressure Guide

VACUUM PUMP CAPACITY

IMPORTANT - EXPLANATORY NOTES ON PRESSURE GUIDES

R134a PRESSURE GUIDE

Usually quoted as ‘Volumetric Capacity’.

Usually measured in litres per minute (or cubic feet per minute), the capacity of a pump indicates the 
volume of air per unit of time the pump is capable of moving from one space to another.

Capacity is not an indication of the pump’s ability to pull a satisfactory vacuum, and provided that 
the capacity of the pump is sufficient for the system concerned, it is not a major consideration.

A ‘big’ capacity pump (say 50 lpm) capable of pulling only 50,000 microns (28 in/hg) is totally 
useless for purposes of evacuating an air conditioning system, whereas a small capacity pump (say 
25 lpm) capable of pulling a vacuum of 500 microns (29.9 in /hg) would be ideal, provided that 
sufficient evacuation time is allowed.

The above figures are a guide only, and some variation may occur on some systems, however, any 
substantial difference indicates a fault or problem.
When testing an air conditioning system, full airflow across the condenser is essential. Extra fans,
or other additional airflow may be necessary to simulate normal operating conditions, particularly if 
the vehicle has a viscous fan, or electric fans which are not activated when the compressor cuts in.
It is good practice to charge a system by all of the following criteria:
• Correct amount of refrigerant for the system
• Normal pressures (gauge readings) on both sides of the system
• Correct temperature at the evaporator coil and acceptable temperature at the vents.
• Normal condenser sub-cooling and superheat.

‘Bomb charging’, or charging until the sight glass is clear, is probably the most common cause of 
over-charging and system damage. This method should not be used with any refrigerant. Technicians 
will have to be especially careful identifying the refrigerant now that a wide range of refrigerants 
and blends are in service as the static vapour pressure of R134a is very similar at normal ambient 
temperatures to other refrigerants.

NOTE:
At 0 rpm (system not operating), any major difference to the pressures shown indicates refrigerant is 
not R134a or is a mixture of multiple refrigerants. If pressure is 0, no refrigerant is present. The ambient 
engine compartment temperature must be taken into account when considering system pressures.

AMBIENT TEMP. °C R.P.M.
 NORMAL OPERATING PRESSURES EVAPORATOR

LOW SIDE HIGH SIDE COIL TEMP. VENT TEMP.

kPa PSI kPa PSI (°C) (°C)

20°C 0 (SYSTEM OFF) 470 69 470 69 - -

1500-1750 80-100 12-15 1050-1200 150-175 0-2°C 3-8°C

25°C 0 (SYSTEM OFF) 563 82 563 82 - -

1500-1750 90-110 13-16 1100-1400 160-200 0-2°C 3-8°C

30°C 0 (SYSTEM OFF) 668 97 668 97 - -

1500-1750 105-130 15-19 1400-1600 200-235 0-2°C 3-8°C

35°C 0 (SYSTEM OFF) 785 114 785 114 - -

1500-1750 130-150 19-22 1600-1775 235-260 0-2°C 3-8°C

40°C 0 (SYSTEM OFF) 915 133 915 133 - -

1500-1750 160-190 23-28 1700-1850 250-270 0-2°C 3-8°C
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Conversion Factors  |  Diagnosis

GENERAL INFORMATION & AIDS TO DIAGNOSIS

CONVERSION FACTORS

PRIMARY VISUAL - PHYSICAL CHECK

A methodical, step by step approach to system service/diagnosis is essential if the technician is to 
find difficult or multiple problems. It will also save time, refrigerant, parts and other costs in the long 
run.

The following is a suggested check list which should be a preliminary to all service and diagnosis.

• Check belt torque and condition (before starting engine).
• Check mounting brackets, stays and bolts for cracks, looseness, missing bolts, etc.
• Visually check all components, hoses, lines and fittings, including access ports, for signs of leaks 

(oily, dusty patches).
• Feel clutch hub, idler pulley and any other accessible moving parts for signs of wear.
• Check system pressure without starting engine and ensure that refrigerant is present, and that 

pressures indicate the correct refrigerant (refer to table on page 795).
• Press drive hub of clutch onto rotor and observe clutch spring tension and air gap. 
• Turn compressor by hand and feel for tight spots, roughness, etc.

1 cfm = 0.472 lps = 28.32 lpm = 1.6992 m3/hr

1 lps = 2.1186 cfm = 60 lpm = 3.6 m3/hr

1 lpm = 0.0353 cfm = 0.167 lps = 0.06 m3/hr

1 m3/hr = 0.5885 cfm = 0.2778 lps = 16.67 lpm

1 Btu = 0.252 KCal/hr = 0.0000833 tons = 0.29307 watts = 1.0551 kj = 252 gram calories = 0.00105 megajoules

1 KCal/hr = 3.968 Btu's = 0.000331 tons = 1.163 watts = 4.1870 kj = 1000 calories = 0.00419 megajoules

1 kilojoule = 0.9478 Btu's = 0.2388 KCal/hr = 0.2784 tons = 0.2778 watts = 1000 joules = 0.001 megajoules

1 ton (refrig) = 12000 Btu's = 3024 KCal/hr = 3517 watts = 12662 kj = 3.517 KW = 0.00352 megawatts

1 Watt = 3.412 Btu's = 0.86 KCal/hr = 3.601 kj = 0.00028 tons = 0.001 KW = 0.000001 megawatts

1 atmosphere = 408.4 in/WG = 101.325 Kpa = 1.03356 kg/cm2 = 14.696 psi = 1000 millibars  

1 bar = 408.4 in/WG = 101.325 Kpa = 1.03356 kg/cm2 = 14.696 psi = 1000 millibars  

1 in/WG = 0.002487 atmos. = 0.002487 bar = 0.249 kPa = 0.00254 Kg/cm2 = 0.0348 psi = 1.867 mm/Hg

1 Kpa = 0.01 atmos. = 0.01 bar = 4.02 in/WG = 0.01 Kg/cm2 = 0.145 psi  

1 kg/cm2 = 0.9678 atmos. = 0.9678 bar = 408.9 in/WG = 98.15 Kpa = 14.24 psi  

1 psi = 0.06895 atmos. = 0.06895 bar = 28.7 in/WG = 6.895 Kpa = 0.07031 kg/cm2

1 atmos. = 1 bar = 29.92 in/Hg = 101.325 kPa = 762480 microns = 762.48 mm/Hg = 14.696 psi = 762.48 torr

1 bar = 1 atmos. = 29.92 in/Hg = 101.325 kPa = 762480 microns = 762.48 mm/Hg = 14.696 psi = 762.48 torr

1 in/Hg = 0.03342 atmos. = 0.03386 bar = 3.386 kPa = 25446 microns = 25.4 mm/Hg = 0.4912 psi = 25.4 torr

1 kPa = 0.01 atmos. = 0.01 bar = 0.2953 in/Hg = 7515 microns = 7.515 mm/Hg = 0.14 psi = 7.515 torr

1 micron = 0.0000013 atmos. = 0.0000013 bar = 0.000039 in/Hg = 0.000133 kPa = 0.0013 mm/Hg = 0.000019 psi = 0.001 torr

1 mm/Hg = 0.00131 atmos. = 0.00131 bar = 0.039 in/Hg = 0.133 kPa = 1000 microns = 0.0193 psi = 1 torr

1 psi = 0.06895 atmos. = 0.06895 bar = 2.0358 in/Hg = 6.8932 kPa = 51712 microns = 51.712 mm/Hg = 51.712 torr

1 torr = 0.00131 atmos. = 0.00131 bar = 0.039 in/Hg = 0.133 kPa = 1000 microns = 0.0193 psi = 1 mm/Hg

1 cc = 0.06102cub.ins. = 0.0352 fl. oz (imp) = 0.00022 gall. (imp) = 0.00026 gall. (U.S.) = 0.001 litre = 1 ml = 0.0338 fl. oz (U.S.)

1 cubic inch = 16.39 cc = 0.5769 fl. oz (imp) = 0.0036 gall. (imp) = 0.0043 gall. (U.S.) = 0.0164 litre = 16.39 ml = 0.5538 fl. oz (U.S.)

1 fl.oz (imp) = 28.47 cc = 1.730 cub.ins. = 0.00625 gall. (imp) = 0.0052 gall. (U.S.) = 0.0284 litre = 28.4 ml = 0.96 fl. oz (U.S.)

1 fl.oz (U.S.) = 29.6 cc = 1.8062 cub.ins. = 0.0065 gall. (imp) = 0.00751 gall. (U.S.) = 0.0296 litre = 29.6 ml = 1.042 fl. oz (imp)

1 gallon imp. = 4545.6 cc = 277.37 cub.ins. = 160 fl. oz (imp) = 1.2009 gall. (U.S.) = 4.5456 litre = 4545.6 ml = 153.6 fl. oz (U.S.)

1 gallon U.S. = 3785 cc = 230.96 cub.ins. = 133.23 fl. oz (imp) = 0.8327 gall. (imp) = 3.785 litre = 3785 ml = 128 fl. oz (U.S.)

1 litre = 1000 cc = 61.02 cub.ins. = 35.19 fl. oz (imp) = 0.21997 gall. (imp) = 0.2642 gall. (U.S.) = 1000 ml = 33.8 fl. oz (U.S.)

1 millilitre = 1 cc = 0.06102 cub.ins. = 0.0352 fl. oz (imp) = 0.00022 gall. (imp) = 0.000264gall. (U.S.) = 0.001 litre = 0.0338 fl. oz (U.S.)

AIR-FLOW MEASUREMENT

COOLING CAPACITY

PRESSURE

VACUUM                       NOTE: ONE ATMOSPHERE HAS BEEN TAKEN AS ONE BAR. IN FACT, ONE BAR = 1.0197 TECHNICAL ATMOSPHERES = 0.98692 ATMOSPHERES.

VOLUME (CUBIC CAPACITY)
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Diagnosis

OTHER HELPFUL HINTS

SECONDARY VISUAL - PHYSICAL CHECK

• Beware of multiple problems which may give misleading pressures/symptoms.
• Never take short cuts - they take longer.

(WITH SYSTEM RUNNING - IF IT IS OPERATIONAL)
• Observe belt for whip, pulley alignment, and slippage.
• Observe clutch operation during cycling. Cut-in/cut-out should be clean and positive with no 

slippage or chatter.
• Check condition of refrigerant in sight glass.
• Note: a sight glass can appear clear when a system is very low on refrigerant.
• Check system pressures at about 1500-1750 rpm and refer to the chart for normal operating 

pressures at the relevant ambient temperature.
• Feel discharge line, liquid lines, receiver-drier, TX valve and suction line for correct hot/cold 

condition.
• Observe all lines and components for signs of sweating.

If, after completing the above checks, the problem is not evident, referral to the diagnosis guides on 
the following pages may be of assistance.
• Diagnosis Table N°1 is a simple check list for systems which are not operational.
• Diagnosis Table N°2 is a guide to possible problems by gauge pressure readings.
• Diagnosis Table N°3 is a brief guide to problems encountered with each of the main components.

POSSIBLE CAUSE CHECK LIST

BLOWN FUSE

Power and power draw both sides of fuse

Check that voltage is correct; no voltage drop

Fuse holder contacts/leads

ELECTRICAL CIRCUIT

A/C switch: wiring; connections: circuit: power in

Relay: circuit is correct, voltage is correct: power in

Thermostat/thermo-amplifier circuit

Safety cut-out switches: circuit, operation

Wiring for damage, faulty, damaged or dirty connections

DRIVE BELT Missing or loose

CLUTCH NOT ENGAGING See “clutch” on chart #3 on page 448

COMPRESSOR SEIZED See “compressor” on chart #3 on page 448

REFRIGERANT LOW LP switch circuit, may have de-activated the circuit due to low refrigerant

DIAGNOSIS TABLE 1       System Inoperative: no airflow at vents and / or compressor not operating.
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Diagnosis

COMPONENT FAULT SYMPTOM NOTES

BELT

Missing, 
Broken No cooling; compressor inoperative

Slipping
- Incorrect torque
- Worn/glazed driving surfaces (sides)
- Compressor tight or seized

Squealing noise when clutch engages

CLUTCH Not engaging

- Incorrect voltage, or voltage drop
- No power
- Faulty earth
- Faulty clutch coil
- Air gap (drive hub to rotor) too big
- LP or HP-LP switch faulty, or de-
activated due to low gas charge/
excessive head pressure

Voltage must be:
12 - 13.5 volts for 12 volt system
24 - 27 volts for 24 volt system
Check at fast idle; if idle rpm is too 
low, reduced voltage may cause 
problems.

COMPRESSOR

Seized or 
tight

- Internal failure

Almost all compressor failures are 
‘caused’, not inherent, always locate 
and rectify the system fault before 
replacing a compressor.

- Excessive head pressure
(overcharged: high side restriction 
between discharge port and 
receiver-drier; condenser 
malfunction, restriction, or airflow 
problem/restriction).

High Gauge Pressures

Valve-plate 
or cylinder 
head failure

- Reed valves faulty, corroded or 
damaged.
- Blown or faulty head gasket

Low high-side, and high low-side 
gauge readings.

Leakage between suction and 
discharge, or between cylinders tends 
to equalize the pressures.

Noisy

- At all times Usually appears normal Compressors which appear to be 
noisy at all times are not the fault; 
problem is usually bracket, mounting 
bolts, idler, belt, etc. Compressors will 
sometimes amplify noises originating 
from other components.

- If only when engaged. May be age 
(worn), or damage. May produce low pressures

- High head pressure High gauge readings

High High

Over-charged with Refrigerant

Condenser malfunction (restriction) Partial or total internal blockage

Inadequate air-flow

Clogged condenser finning; electric 
fan not operating or reversed; viscous 
fan not operating; obstruction - insect 
screen, bull-bar, spotlights, oil cooler

TX valve stuck open Rare, and normally does not produce 
very high pressures

Restriction in high side

Only if restriction is between discharge 
port and receiver-drier inlet. Restric-
tions after the inlet will cause low pres-
sures on both sides.

Excessive air and/or moisture May show excessive bubbles in sight 
glass.

High Low Compressor malfunction Leakage between suction and dis-
charge valves/cylinders

Normal to    
slightly high

Normal to  
slightly high Small amount of air and/or moisture

Normal Normal Excessive moisture in system; faulty or 
maladjusted thermostat

May exhibit tiny bubbles may fluctuate 
(low-normal-high) on low side gauge.

Low Low-Normal Partial restriction in high side between receiver-drier pick-up tube and evapora-
tor outlet; partial restriction in TX valve or evaporator

Low Low Low refrigerant charge; restriction on 
high side

TX valve blocked; TX valve stuck 
closed; blockage in evaporator coil, or 
restriction in receiver - drier

DIAGNOSIS TABLE 3               System Operating: little or no cooling, or a problem is evident.

DIAGNOSIS TABLE 2              System Operative: system not cold and / or inconsistent performance.

 LOW SIDE GAUGE HIGH SIDE GAUGE POSSIBLE CAUSE NOTES / CHECK LIST
(SUCTION) (DISCHARGE)
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Diagnosis

COMPONENT FAULT SYMPTOM NOTES

DRIER

Leaking Leaking receiver or fittings Oily. Dusty patches, loss of oil and 
refrigerant.

Incorrect 
flow

Incorrectly installed so that flow 
direction is reversed

Lack of performance, low gauge 
reading on low side. Allows vapour only to TX valve.

Blockage

Blockage at or near inlet
High head pressure, little or no 
cooling, and drier outlet may be cool 
or cold.

Blockages in the receiver-drier can 
cause high or low head pressures. 
Internal blockages may give low 
pressures (may be in vacuum on low 
side); blockages at or near the inlet 
may produce high head pressures.Blockage at or near outlet

If it is a total blockage, the low side 
may be in vacuum. If it is a partial 
blockage, there may be cool or cold 
spots and a cool secondary liquid line.

EVAPORATOR

Blockage

Partial blockage Poor performance, low reading on low 
side gauge.

Total blockage No cooling, vacuum on low side gauge

Leaks

Difficult to detect if small, but 
sometimes oily, dusty, drain tube. The 
hi-trace leak detection system is the 
most reliable for this application, see 
information on page 673.

Note; some detectors will pick up 
emissions from glues and compounds 
used in evaporators.

THERMOSTAT
Maladjusted

Adjusted too low, or capillary not 
positioned in coil correctly

Good performance, then;
- lack of cooling /airflow
- compressor clutch tends to stay in 
longer than normal
- coil ices up after a time If a thermostat capillary is inserted in 

the upstream (cold) side of the coil it 
will disengage the clutch too early: if 
it is not positioned in the coil at all, it 
will tend to keep the clutch engaged 
longer than required, and ice-up will 
result. A damaged capillary will cause 
an open circuit preventing the clutch 
from engaging.

Adjusted too high, or capillary 
incorrectly positioned in cold, or 
upstream side of coil

Poor performance, compressor cycles 
out after short period of operation.

Differential too close Rapid cycling

Differential too wide Compressor tends to stay in; ice-up

Faulty Internal fault Rapid cycling

TX VALVE

Stuck open High pressures on both sides, 
particularly on the low side

Stuck closed 
(or blocked)

Low pressures on both sides. Low side 
may drop into vacuum

Incorrect size

Valve too big High low side reading and usually poor 
performance

May cause flooding and compressor 
damage. Usually poor cooling.

Valve too small Low low-side reading Usually poor cooling

Incorrect 
superheat 
setting

Superheat setting too wide Low low-side reading Valve tends to remain closed

Superheat setting too narrow High low-side reading Valve tends to open too early causing 
flooding.

Sensing Bulb Damaged or not located securely on 
Outlet Tube

Capillary tube must be securely 
clamped to the evaporator outlet

Noisy

Hissing usually indicates low refriger-
ant charge or partial blockage

Usually indicated by low suction 
pressures (low refrigerant)

The hissing noise is caused by vapour 
passing through the orifice instead 
of liquid. Can often be heard in 
evaporators with an orifice tube.

Constant or intermittent squeal or 
drone.  (Do not confuse this noise 
with drone or pipe vibration caused 
by compressor dis-charge pulse 
or transmitted by other causes – 
aggravated by over-charging)

Vibration in the TX valve.

Sometimes only evident at certain 
RPM. Usually only solved by replacing 
the TX valve but care should be taken 
to ensure there are no other system 
faults or noises causing the problem.

HEATER OR 
VENT SYSTEM 

FLAPS NOT 
OPERATING

Heater valve 
open May be leaking, jammed or faulty

System operates normally but loss of 
cooling at vents. May result in high 
low-side reading

Heaters are often the cause of loss of 
performance. If the evaporator coil is 
around 0-2°C, the problem is not the 
A/C. In some cases a positive heater 
line blank-off may be necessary.

Fresh or hot air allowed into a/c duct.

Heater     
controls Faulty or inoperative


