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SCHEDULE 5

(ANNEX V to Directive 97/68/EC)
ANALYTICAL AND SAMPLING SYSTEM

Figure 13

Full flow dilution system

The total amount of raw exhaust gas is mixed in the dilution tunnel DT with the dilution air.
The diluted exhaust gas flow rate is measured either with a positive displacement pump PDP or
with a critical flow venturi CFV. A heat exchanger HE or electronic flow compensation EFC may
be used for proportional particulate sampling and for flow determination. Since particulate mass
determination is based on the total diluted exhaust gas flow, the dilution ratio is not required to be
calculated.

— PDP positive displacement pump

The PDP meters total diluted exhaust flow from the number of the pump revolutions and the pump
displacement. The exhaust system back pressure must not be artificially lowered by the PDP or
dilution air inlet system. Static exhaust back pressure measured with the CVS system operating shall
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remain within ± 1.5 kPa of the static pressure measured without connection to the CVS at identical
engine speed and load.
The gas mixture temperature immediately ahead of the PDP shall be within ± 6 K of the average
operating temperature observed during the test, when no flow compensation is used.
Flow compensation can only be used if the temperature at the inlet of the PDP does not exceed 50°C
(323 K).

— CFV critical flow venturi

CFV measures total diluted exhaust flow by maintaining the flow at choked conditions (critical
flow). Static exhaust backpressure measured with the CFV system operating shall remain within ±
1.5 kPa of the static pressure measured without connection to the CFV at identical engine speed
and load. The gas mixture temperature immediately ahead of the CFV shall be within ± 11 K of the
average operating temperature observed during the test, when no flow compensation is used.

— HE heat exchanger (optional if EFC is used)

The heat exchanger shall be sufficient capacity to maintain the temperature within the limits required
above.

— EFC electronic flow compensation (optional if HE is used)

If the temperature at the inlet to either the PDP or CFV is not kept within the limits stated above, a
flow compensation system is required for continuous measurement of the flow rate and control of
the proportional sampling in the particulate system.
To that purpose, the continuously measured flow rate signals are used to correct the sample flow rate
through the particulate filters of the particulate sampling system (see Figures 14 and 15), accordingly.

— DT dilution tunnel

The dilution tunnel:
— shall be small enough in diameter to cause turbulent flow (Reynolds number greater than 4000)

of sufficient length to cause complete mixing of the exhaust and dilution air. A mixing orifice
may be used,

— shall be at least 75 mm in diameter,
— may be insulated.

The engine exhaust shall be directed downstream at the point where it is introduced into the dilution
tunnel, and thoroughly mixed.
When using single dilution, a sample from the dilution tunnel is transferred to the particulate
sampling system (section 1.2.2, Figure 14). The flow capacity of the PDP of CFV must be sufficient
to maintain the diluted exhaust at a temperature of less than or equal to 325 K (52°C) immediately
before the primary particulate filter.
When using double dilution, a sample from the dilution tunnel is transferred to the secondary dilution
tunnel where it is further diluted, and then passed through the sampling filters (section 1.2.2, Figure
15).
The flow capacity of the PDP or CFV must be sufficient to maintain the diluted exhaust stream in
the DT at a temperature of less than or equal to 464 K (191°C) at the sampling zone. The secondary
dilution system must provide sufficient secondary dilution air to maintain the doubly-diluted exhaust
stream at a temperature of less than or equal to 325 K (52°C) immediately before the primary
particulate filter.
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— DAF dilution air filter

It is recommended that the dilution air be filtered and charcoal scrubbed to eliminate background
hydrocarbons. The dilution air shall have a temperature of 298 K (25°C) ± 5 K. At the manufacturer’s
request the dilution air shall be sampled according to good engineering practice to determine the
background particulate levels, which can then be subtracted from the values measured in the diluted
exhaust.

— PSP particulate sampling probe

The probe is the leading section of PTT and
— shall be installed facing upstream at a point where the dilution air and exhaust gas are well

mixed, ie on the dilution tunnel DT centre-line of the dilution systems approximately 10 tunnel
diameters downstream of the point where the exhaust enters the dilution tunnel,

— shall be 12 mm in minimum insider diameter,
— may be heated to no greater than 325 K (52°C) wall temperature by direct heating or by

dilution air pre-heating, provided the air temperature does not exceed 325 K (52°C) prior to
the introduction of the exhaust in the dilution tunnel,

— may be insulated.

Particulate sampling system (Figures 14 and 15)

1.2.2. The particulate sampling system is required for collecting the particulates on the particulate
filter. In the case of total sampling partial flow dilution, which consists of passing the entire dilute
exhaust sample through the filters, dilution (section 1.2.1.1, Figures 7 and 11) and sampling system
usually form an integral unit. In the case of fractional sampling partial flow dilution or full flow
dilution, which consists of passing through the filters only a portion of the diluted exhaust, the
dilution (section 1.2.1.1, Figures 4, 5, 6, 8, 9, 10 and 12 and section 1.2.1.2, Figure 13) and sampling
systems usually form different units.

In this Directive, the double dilution system DDS (Figure 15) of a full flow dilution system
is considered as a specific modification of a typical particulate sampling system as shown in
Figure 14. The double dilution system includes all important parts of the particulate sampling
system, like filter holders and sampling pump, and additionally some dilution features, like a
dilution air supply and a secondary dilution tunnel.
In order to avoid any impact on the control loops, it is recommended that the sample pump
be running throughout the complete test procedure. For the single filter method, a bypass
system shall be used for passing the sample through the sampling filters at the desired times.
Interference of the switching procedure on the control loops must be minimised.

Descriptions—Figures 14 and 15

— PSP particulate sampling probe (Figures 14 and 15)

The particulate sampling probe shown in the figures is the leading section of the particulate transfer
tube PTT.
The probe:

— shall be installed facing upstream at a point where the dilution air and exhaust gas are well
mixed, ie on the dilution tunnel DT centre-line of the dilution systems (see section 1.2.1),
approximately 10 tunnel diameters downstream of the point where the exhaust enters the
dilution tunnel),
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— shall be 12 mm in minimum inside diameter,
— may be heated to no greater than 325 K (52°C) wall temperature by direct heating or by

dilution air pre-heating, provided the air temperature does not exceed 325 K (52°C) prior to
the introduction of the exhaust in the dilution tunnel,

— may be insulated.

4


