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Method for Removal of Refrigerant from Mobile Air Conditioning System to Quantify Charge Amount
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FIGURE 1 - RECOVERY VACUUM PUMP AND CYLINDER USED IN LABORATORY
REFRIGERANT RECOVERY PROCEDURE

3.3.1.4.2 If the system is opened, the remaining refrigerant will be vented to the atmosphere.

3.3.1.4.3 If the system recharges to specification, it will overcharge.

3.3.1.4.4 The development of SAE J2788 (December 2006 replacing SAE J2210) recovery/rechafging equipment has
improvef refrigerant recovery capability during service. However; the equipment is not cppable of recovering

the entire amount refrigerant in a system.

3.3.1.5 Recoveryjat 21 °C with SAE J2210 recovery equipment left over 18% of the refrigerant in the system. At a work
area ambient of 10 °C nearly 30% of the refrigerant remained in the system.
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FIGURE 2 - RECOVERED REFRIGERANT WHEN USING SAE J2210 RECOVER/RECYCLE
EQUIPMENT AT 10 °C AND 21 °C WORK AREA TEMPERATURE
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3.4 Ecoles Des Mines Study Results

For each type of vehicle, in order to demonstrate that the refrigerant is recovered with a precision of less than 1 g, the
refrigerant has been recovered just after the initial charge and after a half an hour of running the A/C system.

3.4.1 Background

The procedure as followed by the trained and experienced operators is presented in Annex 1. Prior to the ACEA fleet test
the CEP laboratory had a long experience in recovery and was well aware of the number of difficulties associated with

high precision for recovery and charge. So a procedure has been first written. Recovery equipment using an oil free
compressor has been modified in order not to trap any refrigerant. A training period has been set where step by step all

actions have been
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recovery cylinder dedicated to each vehicle, recovery hoses, dedicated to each
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controlled by a throt
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1% recovered refrigefant.
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prder to evaporate liquid refrigerant either trapped in the compressor, or in the oil
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Il vehicles it is noticed:that the pressure inside the A/C system raises from 20 kPa up to 50 to 70 kPa.

is carried out identically to the 1* one down to 15 to 17 kPa abs. The recovery
rant mass is superior to 1g (which is always the case) a third recovery is perform
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out.With the same steps as described above and the 3™ recovery is the final

bystem is weighed. If
bd.

bne if the recovered
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3.4.6

Recovery for Assessment of the Accuracy

The same steps are performed, as described for the initial recovery. Moreover verification of possible oil recovery is
carried out. The recovery cylinder is heated to 40 °C and the refrigerant in gas phase is slowly recovered from the
recovery cylinder. Then the remaining refrigerant is evacuated with a vacuum pump. Then the evacuated cylinder is
weighed as done initially; if oil has been recovered with the refrigerant, its mass is the difference between the initial
weighing and the last one.

When all those steps are carried out, the method is considered as validated if the recovered mass of refrigerant is the
same as the charged one at 1 g difference.
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In summary, the recovery process is performed as follows:

e an oil free compressor is used;

e the car engine compartment is heated up to 40 °C minimum;

e the recovery is performed after running the A/C system during 30 min;

e the recovery mass flow rate is very slow (about 4 to 7 g/min) in order to limit or to avoid any oil recovery;

e the recovery process is performed down to 15 to 17 kPa abs pressure, and several recoveries are necessary until less
than 1 g of refrigerant is recovered;

e the recovered R{134a is then separated from possible oil in order to avoid misleading results.due [o oil recovery.

3.5 Procedure for|Refrigerant Extraction

All refrigerant chargg and recovery operations have to be performed according to the,fallowing procedures:

351

3.5.2

1. the residual pregsure of the system before the refrigerant charge,
2. the pressure of the MAC system after the refrigerant recovery,

3. the pressure ofI

4. the effective refrjgerant charge, with the error calculation,

5. the recovered refrigerant mass, with the errorgalculation,

6. the mass of oil recovered from the refrigerant, with the error calculation.

353

3.53.1

3.5.3.2

3.5.3.3

3534

3.5.35

3.5.3.6

Record the following pressures:

Equipment

Record the foom temperature when performing the operations measured:at\20 cm in front of the car.

e recovery equipment before the refrigerant recovery,

Scales, aqcuracy 0.1 gy

Recovery [equipmient, oil-less without any container or heat exchanger, capable to lower|the pressure of the
MAC system down to 0.2 bar abs (20 kPa abs). The recovery equipment has a pressure gensor at the suction
port capaljle-to measure the pressure with an accuracy of 0.05% of the measurement scale|from 0 to 100 kPa.

Recovery cylinder (empty weight smaller than 3 kg). The recovery cylinder has a high pressure sensor in order
to verify the saturating pressure once the temperature equilibrium is reached after recovery (in order to verify
the absence of non condensable gases).

Distillation cylinder used to transfer refrigerant from the recovery cylinder in order to weigh the oil content
trapped in the recovery cylinder.

Leak detector with a sensitivity of 4 g/year according to SAE J2791 standard.

Heat generator in order to heat up the volume around the car at a minimum temperature of 20 °C and to heat
up the engine compartment at a temperature in the range of 40 °C.
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3.5.3.7  Soft electrical resistance to heat the recovery cylinder.

3.5.3.8 Two temperature sensors: one connected directly to the suction line in order to verify possible liquid trapping,
and the other connected to the compressor to check the temperature.

3.5.4 Initial Recovery

3.5.4.1 Preparation of the Recovery Conditions

35411

35412

35413

3.54.14

3.54.15

3.5.4.2 Preparatid

3.54.2.1

3.54.2.2

3.54.23

35424

The garage ambient temperature around the car is raised up to 20 °C minimum using the heat generator.

The car

The A/Q

position

out-gass
The A/C

The hod

then on

is run during 20 min in order to heat up the engine compartment.

system is run in a forced mode if the A/C is automated control. The evaporator
3, and the A/C system is run at least 15 min in order to heat up the compress
ing of the refrigerant out of the oil.

system and the engine are turned off.

all the visible fittings.

n of the Recovery System

The rec@very cylinder is evacuated with a vacuum pump dewn to 20 Pa abs.

The recqvery cylinder is weighed without any connections.

All the r
a vacuu

The red
togethen.

3.5.4.3 Recovery

3.54.3.1

3.543.11

3.54.3.1.2

354313

354314

First Re

pbcovery system, i.e., the recovery cylinder, the hoses, and the recovery equipme
m pump down to 20 Pa abs.

overy equipment plus the connecting hoses plus the recovery cylinder (emq

Process

Covery

The r¢covery process begins after the leak search by connecting the hoses to the lo

servic

flush
valve.

P valves when available.

blower velocity is on
br and to permit first

d is opened and possible leaks are searched using the leak(detector, first on the compressor, and

nt, is evacuated with

ty) are weighed all

v and high pressure

ened so that the oil

The t:l;rottling valve at the suction port of the recovery equipment is progressively of

a@es'not occur. This is confirmed by observing the sight glass attached downstrleam of the throttling

When the pressure in the A/C system starts lowering, the throttling valve is progressively opened in order to
keep the mass flow rate in the same range of 20 g/min.

During the recovery process the engine compartment is heated by the additional heating system at about
40 °C. The evaporator blower shall be on its highest setting and the car engine may be used to increase the
temperature. The compressor should be turned off prior to running the engine and if the vehicle is equipped
with a clutchless compressor, it is not recommended to run the engine. [In this case, some other source of
added heat such as a heated blower might be used.]
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The first recovery process is performed lowering the system pressure to 20 kPa abs.
The hose valves are closed and the recovery hoses are disconnected.

The caps are put on the service valves in order to avoid any air infiltration.

recovery cylinder all connected together.

recovery system prior and after this first refrigerant recovery.

Recovens
P4

The complete recovery system is weighed including the recovery equipment itself, its connections, and the

This first recovered refrigerant mass is calculated by the weight difference between the mass of the

hgine compartment is heated up with the additional heating system. The temper
rature sensor. The A/C system is preferably at a temperature around 40.2Cxall alg

nalf an hour minimum and/or the temperature of the A/C system ds at- 30 °C n

recovery process is performed.

iction hoses are connected to the service valves of the A/C System.

Fessure is measured on the pressure sensor of the recovery equipment. This p
operation form. If the pressure is identical to the final pressure, the recovery pro
cond recovery is performed.

3.5.4.3.15
3.5.4.3.1.6
3.5.4.3.1.7
3.5.4.3.1.8
3.5.4.3.1.9
3.5.4.3.2 Second
354321 Thee
tempe
3.5.4.3.2.2 After
3.5.4.3.2.3 Thes
3.5.4.3.24 Thep
on theg
the se
3.5.43.25 The a
sectiop.
3.5.5 Final Verificftion

If refrigerant has be
process as defined g

3.5.6 Caution

3.5.6.1 If the preg
has to be

3.5.6.2 If the syst
has to be

The successive red

en recovered during the second._récovery process the A/C system is heated up
bove is performed again untilless than 1 g of R-134a is recovered.

sure raises significantly after the second recovery, the saturation pressure of t
hnalyzed in order 10 verify that no air was infiltrated in the system.

bm is obyiously not leak-tight, it has to be put under pressure of R-134a and a thg
berformed.

overed refrigerant masses are registered as well as the pressures at the ¢

hture is verified by a
ng the circuit.

inimum, the second

essure is registered
cess is ended. If not,

dditional recovered refrigerant mass is weighed according to the procedure defined in the previous

a new time and the

ne recovery cylinder

rough leak detection

nd of the recovery

processes, if there a

3.5.7

[SHLLLOJES] lild.ll OT1¢E.

The mass of the charged refrigerant is calculated as follows:

Charge r.1344 = (charge cylinder + vacuum hose + blue connecting valve)imiia state — (Charge cylinder + hose under final
pressure + blue connecting valve)sna state

3.5.8  Running the
3.58.1 Turnthee
3.5.8.2

maximum

MAC System

ngine ON and run it at 2000 rpm.

speed and heating the air in front of the car.

Turn the A/C system ON and run it with the engine at 2000 rpm over half an hour with the evaporator fan at
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