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(54) Exhaust gas analyzing apparatus

(57) The present invention is one that is, in an ex-
haust gas analyzing apparatus 100 used together with a
CVS mechanism 1 that is configured to sample a total
amount of exhaust gas emitted from an internal combus-
tion engine, mix diluent gas with the exhaust gas to pro-
duce mixed gas, and make a flow rate of the mixed gas
constant, adapted to be able to make an analysis with
high accuracy, and an analyzing mechanism 10 is pro-
vided with: a target component concentration meter 11
that measures a moisture-influenced concentration re-

lated value that is a value related to concentration of a
measuring target component in a state of being influ-
enced by moisture; and a moisture concentration meter
12 that measures a moisture concentration related value
that is a value related to concentration of the moisture,
and adapted to, on the basis of the moisture concentra-
tion related value, eliminate the influence of the moisture
from the moisture-influenced concentration related value
to calculate each of the first concentration related value
and the second concentration related value.
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Description

Technical Field

[0001] The present invention relates to an exhaust gas
analyzing apparatus that samples and analyzes a total
amount of exhaust gas emitted from an internal combus-
tion engine of an automobile or the like.

Background Art

[0002] As disclosed in Patent Literature 1, this sort of
exhaust gas analyzing apparatus is used together with
a constant volume sampling (CVS) mechanism that is
configured to sample a total amount of exhaust gas emit-
ted from an internal combustion engine, mix diluent gas
such as air with the exhaust gas to produce mixed gas,
and make a flow rate of the mixed gas constant.
[0003] Specifically, this exhaust gas analyzing appa-
ratus is one that is provided with: a mixed gas containing
bag that samples and contains the mixed gas; a diluent
gas containing bag that samples and contains the diluent
gas; and an analyzing mechanism that analyzes the gas-
es contained in the respective containing bags to meas-
ure, for example, concentrations of measuring target
components contained in the gases, and by subtracting
the concentration of the measuring target component
contained in the diluent gas from the concentration of the
measuring target component contained in the mixed gas,
makes a background correction to calculate concentra-
tion of the measuring target component contained in the
exhaust gas.
[0004] According to the above-described exhaust gas
analyzing apparatus, by diluting the exhaust gas emitted
from the internal combustion engine, the concentration
of moisture contained in the mixed gas can be reduced.
This makes it less likely to cause condensation of the
moisture, and therefore makes it possible to suppress a
measurement error due to a gas concentration change
caused by water condensation or a dissolution loss of a
water-soluble component.
[0005] Meanwhile, to measure a fuel consumption ratio
of a vehicle, it is necessary to measure the concentration
of CO2, and to do so, for example, a non-dispersive in-
frared absorption (NDIR) method is used.
[0006] However, in future, it is expected that measure-
ment accuracy required for the fuel consumption ratio
measurement is increased, but the conventional meas-
urement method cannot respond to the expectation. This
is because moisture contained in exhaust gas, which has
been considered to have no problem in conventionally
required measurement accuracy, may cause an adverse
influence in terms of a CO2 measurement level required
in future.
[0007] Generally, in order to suppress the influence of
moisture, a technique such as condensing the moisture
to drain it is also possible; however, as described above,
the CVS mechanism is based on the major premise that

dilution prevents moisture from being condensed, and
therefore it is also not possible to employ such a tech-
nique.

Citation List

Patent Literature

[0008] Patent Literature 1: JP-A2009-103689

Summary of Invention

Technical Problem

[0009] Therefore, the present invention is made in or-
der to, in an exhaust gas analyzing apparatus used to-
gether with the CVS mechanism based on the premise
that moisture is contained as gas, eliminate an influence
of moisture contained in exhaust gas to enable the con-
centration or amount of a measuring target component
to be analyzed with higher accuracy.

Solution to Problem

[0010] That is, an exhaust gas analyzing apparatus ac-
cording to the present invention is one that is used to-
gether with a CVS mechanism that is configured to sam-
ple a total amount of exhaust gas emitted from an internal
combustion engine, produce mixed gas by mixing diluent
gas with the exhaust gas of which the total amount is
sampled, and make a flow rate of the mixed gas constant,
and provided with: a mixed gas containing bag that sam-
ples and contains the mixed gas; a diluent gas containing
bag that samples and contains the diluent gas; and an
analyzing mechanism that analyzes the mixed gas in the
mixed gas containing bag to measure a first concentra-
tion related value that is a value related to concentration
of a measuring target component contained in the mixed
gas, analyzes the diluent gas in the diluent gas containing
bag to measure a second concentration related value
that is a value related to concentration of the measuring
target component contained in the diluent gas, and on
the basis of the first concentration related value and the
second concentration related value, calculates a value
related to concentration of the measuring target compo-
nent contained in the exhaust gas.
[0011] Also, the analyzing mechanism is provided with:
a target component concentration meter that measures
a moisture-influenced concentration related value that is
a value related to concentration of the measuring target
component in a state of being influenced by moisture;
and a moisture concentration meter that measures a
moisture concentration related value that is a value re-
lated to concentration of the moisture, and on the basis
of the moisture concentration related value, eliminates
the influence of the moisture from the moisture-influ-
enced concentration related value to calculate each of
the first concentration related value and the second con-
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centration related value.
[0012] Note that a value related to concentration here
includes not only a value for calculating the concentration
or a value (e.g., a quantity) calculated on the basis of the
concentration, but also the concentration itself.
[0013] If so, on the basis of the moisture concentration
related value measured by the moisture concentration
meter, the first concentration related value and the sec-
ond concentration related value can be calculated as val-
ues resulting from eliminating the influence of the mois-
ture, and therefore the value related to the concentration
of the measuring target component in the exhaust gas,
which is calculated by subtracting the second concentra-
tion related value from the first concentration related val-
ue, can be obtained with higher accuracy.
[0014] Specific examples of the target component con-
centration meter that makes an effect of the present in-
vention particularly noticeable include one that is provid-
ed with an NDIR method detector that, on the basis of
an absorption spectrum obtained by an NDIR method,
detects the target component contained in each of the
containing bags.
[0015] Specific examples of the measuring target com-
ponent include CO2.

Advantageous Effects of Invention

[0016] According to the present invention configured
as described, in the exhaust gas analyzing apparatus
used together with the CVS mechanism, the concentra-
tion related values of the measuring target components
contained in the gases contained in the respective con-
taining bags can be obtained as the values resulting from
eliminating the influence of the moisture, and therefore
the concentration or amount of the measuring target com-
ponent contained in the exhaust gas can be analyzed
with higher accuracy.

Brief Description of Drawings

[0017]

FIG. 1 is a diagram schematically illustrating a con-
figuration of an exhaust gas analyzing apparatus of
the present embodiment;
FIG. 2 is a diagram illustrating a specific configura-
tion of a CVS mechanism of the same embodiment;
FIG. 3 is a diagram schematically illustrating a con-
figuration of an analyzing mechanism of the same
embodiment; and
FIG. 4 is a graph illustrating measurement results by
a target component concentration meter in the same
embodiment.

Description of Embodiments

[0018] In the following, an exhaust gas analyzing ap-
paratus 100 according to the present invention is de-

scribed with reference to the drawings.
[0019] The exhaust gas analyzing apparatus 100 of
the present embodiment is one that is used to measure,
for example, the concentration of a measuring target
component contained in exhaust gas emitted from an
internal combustion engine such as an engine.
[0020] Specifically, the exhaust gas analyzing appara-
tus 100 is one that is, as illustrated in FIG. 1, used to-
gether with a constant volume sampling (CVS) mecha-
nism 1 that is configured to sample a total amount of the
exhaust gas, also produce mixed gas by mixing diluent
gas with the exhaust gas of which the total amount is
sampled, and make a flow rate of the mixed gas constant,
and provided with: a mixed gas containing bag M1 that
samples and contains the mixed gas; a diluent gas con-
taining bag M2 that samples and contains the diluent gas;
and an analyzing mechanism 10 that analyzes the gases
contained in the bags to measure concentrations of the
measuring target components contained in the gases,
and on the basis of results of the measurement, calcu-
lates the concentration of the measuring target compo-
nent contained in the exhaust gas.
[0021] The CVS mechanism 1 is, in this embodiment,
one employing a critical flow venturi system for a flow
rate control part, but may be one employing a constant
volume pump system.
[0022] The CVS mechanism 1 is, as illustrated in FIG.
2, provided with: an exhaust gas flow path EL of which
one end is connected to an exhaust gas introduction port
PT1 for introducing the exhaust gas; a diluent gas flow
path DL of which one end is connected to a diluent gas
introduction port PT2 for introducing the diluent gas; and
a mixed gas flow path ML that makes the exhaust gas
flow path EL and the diluent gas flow path DL meet to-
gether, through which the mixed gas of the exhaust gas
and the diluent gas flows.
[0023] The exhaust gas flow path EL is formed of an
exhaust gas introduction pipe 21 of which one end is
provided with the exhaust gas introduction port PT1 to
introduce the exhaust gas, whereas the diluent gas flow
path DL is formed of a diluent gas introduction pipe 22
of which one end is provided with the diluent gas intro-
duction port, and other ends of the gas introduction pipes,
where the exhaust gas flow path EL and the diluent gas
flow path DL meet together, are connected to a mixer 3
that produces the mixed gas of the exhaust gas and the
diluent gas. The mixed gas flow path ML is configured to
include: a mixed gas introduction pipe 23 of which one
end is connected with the mixer 3; a dust removing cy-
clone 4 that is connected to the mixed gas introduction
pipe 23; a sampling pipe 5 that is connected to the cyclone
4; and a constant flow rate control part 6 that is connected
to the sampling pipe 5.
[0024] The constant flow rate control part 6 is one that
performs flow rate control so as to make constant a total
flow rate of the exhaust gas introduced from the exhaust
gas introduction pipe 21 and the diluent gas introduced
from the diluent gas introduction pipe 22, and configured
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to include: a main venturi 61 that is connected down-
stream of the sampling pipe 5 and includes a critical flow
venturi (CFV); and a suction pump 62 that is connected
downstream of the main venturi 61, such as a blower.
The suction pump 62 makes a differential pressure be-
tween pressures on upstream and downstream sides of
the main venturi 61 equal to or more than a required
value, and thereby the total flow rate is made constant.
In addition, the mixed gas sucked by the suction pump
62 is discharged outside.
[0025] In a state where the total flow rate of the exhaust
gas and the diluent gas, i.e., a flow rate of the mixed gas
is made constant by the above-described CVS mecha-
nism 1, the mixed gas is contained in the mixed gas con-
taining bag M1 through a mixed gas sampling flow path
SL1, and the diluent gas is contained in the diluent gas
containing bag M2 through a diluent gas sampling flow
path SL2.
[0026] The mixed gas sampling flow path SL1 is, at
one end thereof, connected to the sampling pipe 5 con-
stituting the mixed gas flow path ML, and on a down-
stream side, branches into a plurality of branched paths,
and the other ends of the respective sampling branched
paths SL1a to SL1c are connected to mixed gas contain-
ing bags M1. The respective sampling branched paths
SL1a to SL1c are provided with on/off valves V1a to V1c
for switching among the mixed gas containing bags M1
in which the sampled mixed gas is to be contained. Also,
the mixed gas sampling flow path SL1 is heated by an
external heater or the like, and configured to prevent
moisture contained in the mixed gas from being con-
densed.
[0027] The diluent gas sampling flow path SL2 is, at
one end thereof, connected to the diluent gas introduction
pipe 22 constituting the diluent gas flow path DL, and on
a downstream side, branches into a plurality of branched
paths, and the other ends of the respective sampling
branched paths SL2a to SL2c are connected to diluent
gas containing bags M2. The respective sampling
branched path SL2a to SL2c are provided with on/off
valves V2a to V2c for switching among the diluent gas
containing bags M2 in which the sampled diluent gas is
to be contained. Also, on an upstream side of a branching
point in the diluent gas sampling flow path SL2, a needle
valve 7 for controlling a gas flow rate is provided.
[0028] The mixed gas contained in any of the mixed
gas containing bags M1 and the diluent gas contained in
any of the diluent gas containing bags M2 are supplied
to the analyzing mechanism 10, where the concentra-
tions of the measuring target components contained in
the respective gases are measured.
[0029] The analyzing mechanism 10 is one that is, as
illustrated in FIG. 3, provided with: a target component
concentration meter 11 that measures the concentra-
tions of the measuring target components contained in
the gases supplied from the respective containing bags
M1 and M2; a moisture concentration meter 12 that
measures concentrations of moisture contained in the

gases; and an arithmetic unit 13 that obtains outputs re-
spectively from the concentration meters to calculate the
concentration of the measuring target component con-
tained in the exhaust gas.
[0030] In addition, in the present embodiment, the
measuring target component is set as CO2.
[0031] Each of the target component concentration
meter 11 and moisture concentration meter 12 is one that
is, in the present embodiment, provide with an NDIR
method detector, and irradiates each of the gases sup-
plied to an unillustrated measurement cell with an infra-
red ray to, with the NDIR method detector, detect an ab-
sorption spectrum obtained by an NDIR method.
[0032] The target component concentration meter 11
is one that measures the concentration of CO2 contained
in each of the gases from a CO2 absorption spectrum,
and the moisture concentration meter 12 is one that
measures the concentration of moisture contained in
each of the gases from a moisture absorption spectrum.
[0033] A moisture absorption spectrum is not influ-
enced by a CO2 absorption spectrum; however, a CO2
absorption spectrum is influenced by a moisture absorp-
tion spectrum, so that a CO2 absorption spectrum meas-
ured by the target component concentration meter 11 is
an absorption spectrum detected in a state of being in-
fluenced by the moisture contained in each of the gases,
and CO2 concentration measured from the absorption
spectrum is calculated as moisture-influenced concen-
tration that is influenced by the moisture.
[0034] The arithmetic unit 13 is physically an electric
circuit configured to include, for example, a CPU, a mem-
ory, an AD converter, and the like. Also, the arithmetic
unit 13 is functionally one that, in such a manner that the
CPU and its peripheral devices cooperate according to
a program stored in the memory, fulfills functions as: an
error concentration calculation part 131 that calculates
error concentrations, which are, of the moisture-influ-
enced concentrations measured by the target compo-
nent concentration meter 11, concentrations measured
correspondingly to the influence of the moisture; an ac-
tual concentration calculation part 132 that calculates ac-
tual concentrations of the measuring target components
contained in the mixed gas and the diluent gas; and an
operation part 133 that operates the concentration of the
measuring target component contained in the exhaust
gas.
[0035] In the following, the respective parts are de-
scribed in detail.
[0036] As illustrated in FIG. 4, values measured by the
target component concentration meter 11 indicate the
concentrations influenced by the moisture (referred to as
the moisture-influenced concentrations), and are values
that are obtained by adding the error concentrations
measured correspondingly to the influence of the mois-
ture to the actual CO2 concentrations contained in the
gases.
[0037] Accordingly, the error concentration calculation
part 131 obtains outputs from the moisture concentration
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meter 12, and on the basis of the concentrations of the
moisture contained in the gases, calculates the error con-
centrations as a part of the CO2 concentrations measured
by the target component concentration meter 11, which
is affected by interference in the moisture absorption
spectra.
[0038] The actual concentration calculation part 132
obtains the outputs from the target component concen-
tration meter 11 and signals from the error concentration
calculation part 131, and as the actual CO2 concentra-
tions contained in the gases, which do not include the
influence of the moisture, calculates the concentrations
that are the moisture-influenced concentrations from
which the error concentrations are correspondingly sub-
tracted.
[0039] The operation part 133 obtains signals from the
actual concentration calculation part 132 to operate the
CO2 concentration contained in the exhaust gas on the
basis of the actual CO2 concentrations contained in the
mixed gas and the diluent gas.
[0040] More specifically, on the basis of the actual CO2
concentrations contained in the gases, which are calcu-
lated in the actual concentration calculation part 132,
CO2 amounts contained in the gases are calculated. Spe-
cifically, the CO2 amount contained in the mixed gas con-
tained in the mixed gas containing bag M1 is calculated
as a first concentration related value, and the CO2
amount contained in the diluent gas contained in the dilu-
ent gas containing bag M2 is calculated as a second con-
centration related value. Then, by subtracting the second
concentration related value from the first concentration
related value, a background correction is made to calcu-
late a CO2 amount contained in the exhaust gas, and on
the basis of the CO2 amount, the CO2 concentration con-
tained in the exhaust gas is operated.
[0041] In addition, CO2 concentration is also used for
fuel consumption ratio measurement of which accuracy
has been required to be improved in recent years. That
is, a total amount of CO2 emission is calculated from CO2
concentration, a diluent gas flow rate, and the like, and
from a numerical value of a travel distance of a vehicle,
a fuel consumption ratio (unit is, for example, km/l) is
calculated and displayed.
[0042] The CO2 concentration is calculated with higher
accuracy, and therefore a fuel consumption ratio can also
be calculated with high accuracy.
[0043] According to the exhaust gas analyzing appa-
ratus 100 according to the present embodiment config-
ured as described above, in the exhaust gas analysis
using the CVS method, by subtracting the error concen-
trations measured correspondingly to the influence of the
moisture from the moisture-influenced concentrations
measured by the target component concentration meter
11, the actual concentrations of the measuring target
components contained in the gases can be calculated to
analyze the concentration of the measuring target com-
ponent contained in the exhaust gas with higher accura-
cy.

[0044] In particular, in the case of using the NDIR meth-
od to measure CO2 concentration contained in exhaust
gas, the measurement has been influenced by un-
condensed moisture in the past; however, according to
the exhaust gas analyzing apparatus 100 according to
the present embodiment, the influence of the moisture
contained in the gases can be eliminated, and therefore
the CO2 concentration can be measured with higher ac-
curacy.
[0045] Note that the present invention is not limiter to
the above-described embodiment.
[0046] For example, in the above-described embodi-
ment, the target component concentration meter 11 and
the moisture concentration meter 12 measure the con-
centrations of the measuring target components and the
concentrations of the moisture contained in the gases;
however, the present invention may be adapted such that
the absorption spectra obtained from the concentration
meters are outputted to the arithmetic unit 13, and the
arithmetic unit 13 calculates the concentrations of the
measuring target component and moisture.
[0047] Also, the present invention may be provided
with pluralities of concentration meters 11 and 12 such
that the mixed gas is supplied to corresponding target
component concentration meter 11 and moisture con-
centration meter 12 and the diluent gas is supplied to
corresponding target component concentration meter 11
and moisture concentration meter 12.
[0048] Configuring in this manner enables a measure-
ment time to be shortened.
[0049] Further, in the above-described embodiment,
the target component concentration meter 11 and the
moisture concentration meter 12 respectively measure
the concentrations of the measuring target component
and the concentrations of the moisture; however, the
present invention may be adapted to measure a quantity
or volume that has a value related to concentration.
[0050] In addition, in the above-described embodi-
ment, the measuring target component is CO2; however,
the present invention may set another component such
as CO as the measuring target component.
[0051] Besides, it should be appreciated that the
present invention is not limited to any of the above-de-
scribed embodiments, but can be variously modified with-
out departing from the scope thereof.

Reference Signs List

[0052]

100: Exhaust gas analyzing apparatus
1: CVS mechanism
10: Analyzing mechanism
M1: Mixed gas containing bag
M2: Diluent gas containing bag
DL: Diluent gas flow path
ML: Mixed gas flow path
22: Diluent gas introduction pipe
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23: Mixed gas introduction pipe
6: Constant flow rate control part
11: Target component concentration meter
12: Moisture concentration meter
13: Arithmetic unit

Claims

1. An exhaust gas analyzing apparatus that is used to-
gether with a CVS mechanism that is configured to
sample a total amount of exhaust gas emitted from
an internal combustion engine, produce mixed gas
by mixing diluent gas with the exhaust gas of which
the total amount is sampled, and make a flow rate
of the mixed gas constant, the exhaust gas analyzing
apparatus comprising:

a mixed gas containing bag that samples and
contains the mixed gas;
a diluent gas containing bag that samples and
contains the diluent gas; and
an analyzing mechanism that analyzes the
mixed gas in the mixed gas containing bag to
measure a first concentration related value that
is a value related to concentration of a measur-
ing target component contained in the mixed
gas, analyzes the diluent gas in the diluent gas
containing bag to measure a second concentra-
tion related value that is a value related to con-
centration of the measuring target component
contained in the diluent gas, and on a basis of
the first concentration related value and the sec-
ond concentration related value, calculates a
value related to concentration of the measuring
target component contained in the exhaust gas,
wherein
the analyzing mechanism comprises: a target
component concentration meter that measures
a moisture-influenced concentration related val-
ue that is a value related to concentration of the
measuring target component in a state of being
influenced by moisture; and a moisture concen-
tration meter that measures a moisture concen-
tration related value that is a value related to
concentration of the moisture, and on a basis of
the moisture concentration related value, elimi-
nates the influence of the moisture from the
moisture-influenced concentration related value
to calculate each of the first concentration relat-
ed value and the second concentration related
value.

2. The exhaust gas analyzing apparatus according to
claim 1, wherein the target component concentration
meter is provided with an NDIR method detector that,
on a basis of an absorption spectrum obtained by an
NDIR method, detects the measuring target compo-

nent contained in each of the containing bags.

3. The exhaust gas analyzing apparatus according to
claim 1, wherein the measuring target component is
CO2.
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