Center for Energy and Processes, Ecole des Mines de Paris

IEA Workshop
« Cooling car with less fuel »
Paris October 23 - 24, 2006

Actual refrigerant charge: consequences on
energy performances and servicing

v" Quality control for « no servicing MAC systems »
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Refrigerant Emissions
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Field test measurements:
How to be precise ?




Initial Recovery in controlled conditions + 15t charge in controlled
conditions + 2" recovery in controlled conditions

v" Results : Is the recovered quantity = the charge quantity within
0/-1g?

Yes: make the charge No: Do it again




hoses + recovery
cylinder

= Precision of the
scale: 0.1g

OIL CONTENT

step 1

step 2

step 3

Cylinder initial mass (g) 2602,9
Initial mass rec.Eq_upt.+recovery 12620,6 13219.9 132234
capacity
Beginning Time 12H00 13H30 14H10

Ending Time 13H00

13H50

14H20

Recovered refrigerant mass (g

Cylinder mass after distilation (g) under vacuum

602,9

Recovery duration (min) 1HOO 20MN 10
Total mass rec.Equpt.+recovery 132198 132034 132236
capacity ' ' '
Recovered refrigerant mass (g) 599,2 35 0,2
Pressure at the recovery begin
(bar) 0.3 0,165
Pressure at the recovery end 016 0147 0155
(bar) | | ’
Total

Lubricant mass (g) in the cylinder 0
Cylinder +Equip. + lines under vacuum (g) 12621,1

total Lubricant mass recovered (g) 0,5
Refrigerant recovery - lubricant mass (g) 602,4
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Classification of LFRs of system A-J
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of leak flow rates
of systems and components
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N el II

Cell for hoses and crimps

Cell for compressors
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—— 40°Cpreconditioning&40°Csystem

- 40°Cpreconditioning&40°Ccomposant
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Consequences on energy performances and
servicing

ADEME

v"10 MAC systems of European cars (vintage 2005) have
been selected and tested under realistic conditions.
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pressure losses of the real circuit.
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mode has been chosen.
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7 ON/OFF TXV . 534 53

HP receiver
Integrated

8 IC TXV P el 543 65
Suction line

0 e e accumulator TR 21

HP
10 EC TXV independent | 900 55
receiver

EC: external control

IC: internal control

OT: orifice tube

TXV: thermal expansion valve
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= is made in order to compensate the possible emissions of the MAC
system (in fact in the warranty period);

= hampers the system performances.
v The current refrigerant over charge is more than sufficient to

cover the entire lifetime of the MAC system, providing that the
leak flow rate is constant along the vehicle lifetime.
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4 Only two of those cars have shown emissions significantly higher
than the average value: 45.8 g/yr and 32.3 g/yr.

v/ The unknowns are a proportion of ill-assembled MAC systems or
poor quality components. Those two issues have to be
addressed even if they are based on proprietary information.

system lifetime.

v'When a MAC system has shown a significant leak
coming from one component, this component has to be
studied in order to diagnose the failure origin.
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v'When failures of aged components are diagnosed, it is
possible to mimic aging process at the laboratory scale
in order to establish probability functions based on
physical diagnosis.

v Improvements of leak tightness are still possible and a
decrease in leak by a factor 3 can be reached leading to
possible no refrigerant servicing systems.
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