
Document Generated: 2023-07-26
Status:  This is the original version (as it was originally made). This
item of legislation is currently only available in its original format.

SCHEDULE 5

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

Figure 12

Partial flow dilution system with flow control and fractional sampling

Raw exhaust gas is transferred from the exhaust pipe EP to the dilution tunnel DT through the
sampling probe SP and the transfer tube TT. The exhaust split and the flow into DT is controlled
by the flow controller FC2 that adjusts the flows (or speeds) of the pressure blower PB and the
suction blower SB, accordingly. This is possible since the sample taken with the particulate sampling
system is returned into DT. GEXH, GAIR or GFUEL may be used as command signals for FC2.
The dilution air flow rate is measured with the flow measurement device FM1, the total flow with
the flow measurement device FM2. The dilution ratio is calculated from these flow rates.

Description— Figures 4 to 12
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— EP exhaust pipe

The exhaust pipe may be insulated. To reduce the thermal inertia of the exhaust pipe a thickness to
diameter ratio of 0.015 or less is recommended. The use of flexible sections shall be limited to a
length to diameter ratio of 12 or less. Bends will be minimized to reduce inertial deposition. If the
system includes a test bed silencer, the silencer may also be insulated.
For an isokinetic system, the exhaust pipe must be free of elbows, bends and sudden diameter
changes for at least six pipe diameters upstream and three pipe diameters downstream of the tip of
the probe. The gas velocity at the sampling zone must be higher than 10 m/s except at idle mode.
Pressure oscillations of the exhaust gas must not exceed ± 500 Pa on the average. Any steps to
reduce pressure oscillations beyond using a chassis-type exhaust system (including silencer and
after-treatment device) must not alter engine performance nor cause the deposition of particulates.
For systems without isokinetic probes, it is recommended to have a straight pipe of six pipe diameters
upstream and three pipe diameters downstream of the tip of the probe.

— SP Sampling probe (Figures 6 to 12)

The minimum inside diameter shall be 4 mm. The minimum diameter ratio between exhaust pipe
and probe shall be four. The probe shall be an open tube facing upstream on the exhaust pipe centre-
line, or a multiple hole probe as described under SP1 in section 1.1.1.

— ISP isokinetic sampling probe (Figures 4 and 5)

The isokinetic sampling probe must be installed facing upstream on the exhaust pipe centre-line
where the flow conditions in section EP are met, and designed to provide a proportional sample of
the raw exhaust gas. The minimum inside diameter shall be 12 mm.
A control system is necessary for isokinetic exhaust splitting by maintaining a differential pressure
of zero between EP and ISP. Under these conditions exhaust gas velocities in EP and ISP are identical
and the mass flow through ISP is a constant fraction of the exhaust gas flow. The ISP has to be
connected to a differential pressure transducer. The control to provide a differential pressure of zero
between EP and ISP is done with blower speed or flow controller.

— FD1, FD2 flow divider (Figure 9)

A set of venturis or orifices is installed in the exhaust pipe EP and in the transfer tube TT, respectively,
to provide a proportional sample of the raw exhaust gas. A control system consisting of two pressure
control valves PCV1 and PCV2 is necessary for proportional splitting by controlling the pressures
in EP and DT.

— FD3 flow divider (Figure 10)

A set of tubes (multiple tube unit) is installed in the exhaust pipe EP to provide a proportional sample
of the raw exhaust gas. One of the tubes feeds exhaust gas to the dilution tunnel DT, whereas the
other tubes exit exhaust gas to a damping chamber DC. These tubes must have the same dimensions
(same diameter, length, bend radius), so that the exhaust split depends on the differential pressure of
zero between the exit of the multiple tube unit into DC and the exit of TT. Under these conditions,
exhaust gas velocities in EP and FD3 are proportional, and the flow TT is a constant fraction of the
exhaust gas flow. The two points have to be connected to a differential pressure transducer DPT. The
control to provide a differential pressure of zero is done with the flow controller FC1.
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— EGA exhaust gas analyser (Figures 6 to 10)

CO2 or NOX analysers may be used (with carbon balance method CO2 only). The analysers shall be
calibrated like the analysers for the measurement of the gaseous emissions. One or several analysers
may be used to determine the concentration differences.
The accuracy of the measuring systems has to be such that the accuracy of GEDFW,,i or VEDFW,,i is
within ± 4%.

— TT Transfer tube (Figures 4 to 12)

The particulate sample transfer tube shall be:
— as short as possible, but not more than 5m in length,
— equal to or greater than the probe diameter, but not more than 25mm in diameter,
— exiting on the centre-line of the dilution tunnel and pointing down-stream.

If the tube is 1 metre or less in length, it is to be insulated with material with a maximum thermal
conductivity of 0.05 W/(m . k) with a radial insulation thickness corresponding to the diameter of
the probe. If the tube is longer than 1 metre, it must be insulated and heated to a minimum wall
temperature of 523 K (250°C).
Alternatively, the transfer tube wall temperatures required may be determined through standard heat
transfer calculations.

— DPT differential pressure transducer (Figures 4, 5 and 10)

The differential pressure transducer shall have a range of ± 500 Pa or less.

— FCI flow controller (Figures 4, 5 and 10)

For the isokinetic systems (Figures 4 and 5) a flow controller is necessary to maintain a differential
pressure of zero between EP and ISP. The adjustment can be done by:

(a) controlling the speed or flow of the suction blower (SB) and keeping the speed of the
pressure blower (PB) constant during each mode (Figure 4);

or
(b) adjusting the suction blower (SB) to a constant mass flow of the diluted exhaust and

controlling the flow of the pressure blower PB, and therefore the exhaust sample flow in
a region at the end of the transfer tube (TT) (Figure 5).

In the case of a pressure controlled system the remaining error in the control loop must not exceed
± 3 Pa. The pressure oscillations in the dilution tunnel must not exceed ± 250 Pa on average.
For a multi-tube system (Figure 10) a flow controller is necessary for proportional exhaust splitting
to maintain a differential pressure of zero between the outlet of the multi-tube unit and the exit of
TT. The adjustment can be done by controlling the injection air flow rate into DT at the exit of TT.

— PCVI, PCV2 pressure control valve (Figure 9)

Two pressure control valves are necessary for the twin venturi/twin orifice system for proportional
flow splitting by controlling the backpressure of EP and the pressure in DT. The valves shall be
located downstream of SP in EP and between PB and DT.
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— DC damping chamber (Figure 10)

A damping chamber shall be installed at the exit of the multiple tube unit to minimise the pressure
oscillations in the exhaust pipe EP.

— VN venturi (Figure 8)

A venturi is installed in the dilution tunnel DT to create a negative pressure in the region of the exit
of the transfer tube TT. The gas flow rate through TT is determined by the momentum exchange at
the venturi zone, and is basically proportional to the flow rate of the pressure blower PB leading to
a constant dilution ratio. Since the momentum exchange is affected by the temperature at the exit
of TT and the pressure difference between EP and DT, the actual dilution ratio is slightly lower at
low load than at high load.

FC2 flow controller (Figures 6, 7, 11 and 12, optional)

A flow controller may be used to control the flow of the pressure blower PB and/or the suction
blower SB. It may be connected to the exhaust flow or fuel flow signal and/or to the CO2 or NOX
differential signal.
When using a pressurized air supply (Figure 11) FC2 directly controls the air flow.

FM1 flow measurement device (Figures 6, 7, 11 and 12)

Gas meter or other flow instrumentation to measure the dilution air flow. FM1 is optional if PB is
calibrated to measure the flow.

FM2 flow measurement device (Figure 12)

Gas meter or other instrumentation to measure the diluted exhaust gas flow. FM2 is optional if the
suction blower SB is calibrated to measure the flow.

PB pressure blower (Figures 4, 5, 6, 7, 8, 9 and 12)

To control the dilution air flow rate, PB may be connected to the flow controllers FC1 or FC2. PB
is not required when using a butterfly valve. PB may be used to measure the dilution air flow, if
calibrated.

— SB suction blower (Figures 4, 5, 6, 9, 10 and 12)
For fractional sampling systems only, SB may be used to measure the dilute exhaust gas flow, if
calibrated.

— DAF dilution air filter (Figures 4 to 12)

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 (Figures 4, 5, 6, 8, 9, 10 and 12)

The probe is the leading section of PTT and
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— 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 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.

— DT dilution tunnel (Figures 4 to 12)

The dilution tunnel:
— shall be of a sufficient length to cause complete mixing of the exhaust and dilution air under

turbulent flow conditions,
— shall be constructed of stainless steel with:

— a thickness to diameter ratio of 0.025 or less for dilution tunnels of greater than 75 mm
inside diameter,

— a nominal wall thickness of not less than 1.5 mm for dilution tunnels of equal to or less
than 75 mm inside diameter,

— shall be at least 75 mm in diameter for the fractional sampling type,
— is recommended to be at least 25mm in diameter for the total sampling type.

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
The engine exhaust shall be thoroughly mixed with the dilution air. For fractional sampling systems,
the mixing quality shall be checked after introduction into service by means of a CO2 profile of
the tunnel with the engine running (at least four equally spaced measuring points). If necessary, a
mixing orifice may be used).
Note: If the ambient temperature in the vicinity of the dilution tunnel (DT) is below 293 K (20°C),
precautions should be taken to avoid particle losses onto the cool walls of the dilution tunnel.
Therefore, heating and/or insulating the tunnel within the limits given above is recommended.
At high engine loads, the tunnel may be cooled by a non-aggressive means such as a circulating fan,
as long as the temperature of the cooling medium is not below 293 K (20°C).

— HE heat exchanger (Figures 9 and 10)

The heat exchanger shall be sufficient capacity to maintain the temperature at the inlet to the suction
blower SB within ± 11 K of the average operating temperature observed during the test.

Full flow dilution system (Figure 13)

1.2.1.2. A dilution system is described based upon the dilution of the total exhaust using the
constant volume sampling (CVS) concept. The total volume of the mixture of exhaust and dilution
air must be measured. Either a PDP or a CFV system may be used.

For subsequent collection of the particulates, a sample of the dilute exhaust gas is passed to
the particulate sampling system (section 1.2.2, Figures 14 and 15). If this is done directly, it is
referred to as single dilution. If the sample is diluted once more in the secondary dilution tunnel,
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it is referred to as double dilution. This is useful, if the filter face temperature requirement
cannot be met with single dilution. Although partly a dilution system, the double dilution
system is described as a modification of a particulate sampling system in section 1.2.2, Figure
15, since it shares most of the parts with a typical particulate sampling system.
The gaseous emissions may also be determined in the dilution tunnel of a full flow dilution
system. Therefore, the sampling probes for the gaseous components are shown in Figure 13 but
do not appear in the description list. The respective requirements are described in section 1.1.1.

Descriptions—Figure 13

— EP exhaust pipe

The exhaust pipe length from the exit of the engine exhaust manifold, turbocharger outlet or after-
treatment device to the dilution tunnel is required to be not more than 10 m. If the system exceeds
4 m in length, then all tubing in excess of 4 m shall be insulated, except for an in-line smoke-meter,
if used. The radial thickness of the insulation must be at least 25 mm. The thermal conductivity of
the insulating material must have a value no greater than 0.1 W/(m.K) measured at 673 K (400°C).
To reduce the thermal inertia of the exhaust pipe a thickness to diameter ratio of 0.015 or less is
recommended. The use of flexible sections shall be limited to a length to diameter ratio of 12 or less.
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