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FIG. 2 
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FIG. 8 
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FLOW RATE DETECTOR MECHANISM WITH 
VARIABLE VENTURI AND EXHAUST GAS 
SAMPLING METHOD USING THE SAME 

[0001] This application is a divisional of co-pending appli 
cation Ser. No. 09/349,926, ?led on Jul. 8, 1999, the entire 
contents of Which are hereby incorporated by reference and 
for Which priority is claimed under 35 U.S.C. § 120; and this 
application claims priority of Application No. 10-194149 
and 11-023422 ?led in Japan on Jul. 9, 1998 and Feb. 1, 
1999, respectively under 35 U.S.C. 119. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a How rate detector 
mechanism With a variable Venturi therein for changing the 
value of constant ?oW rate With continuity, being suitable to 
be applied to a constant volume sampler (CVS) for diluting 
and sampling the exhaust gas discharged from an automo 
bile, and further to an exhaust gas sampling method, in 
Which the exhaust gas is diluted corresponding to the 
traveling mode patterns for evaluation test, using such the 
CVS as mentioned above Wherein the variable Venturi ?oW 
rate detector mechanism is applied, so as to sample the 
exhaust gas in a sampling bag. 

[0004] 2. Description of Related Art 

[0005] For measuring Weight of components in the 
exhaust gas emitted from an automobile, a sampling appa 
ratus called a “constant volume sampler (CVS)” is used as 
shoWn, for example, in Japanese Laid-Open Patent No. Sho 
54-71689 (1979) and Japanese Laid-Open Patent No. Sho 
54-127388 (1979). 

[0006] Further, in Japanese Laid-Open Patent No. Sho 
55-65133 (1980) is described the CVS for sampling a 
portion of diluted gas to be analyZed, being formed at a 
constant ?oW rate, by diluting a target gas such as the 
exhaust gas from the automobile With fresh air, in Which a 
constant volume pump is driven by a synchronous motor so 
as to form a constant ?oW rate of the diluted gas. 

[0007] In Japanese Laid-Open Patent No. Sho 62-157547 
(1987), there is described a modal mass analysis method, 
according to air dilution of exhaust gas from the automobile, 
for increasing the accuracy in analyZing the emitted amounts 
of components in each mode of travel, in Which the How rate 
of exhaust gas obtained through the air dilution method is 
compensated by concentration of the target components 
corresponding to the same phase, being obtained through 
interpolation. Further, in the FIG. 1 of the publication 
thereof is described the CVS in Which the constant volume 
Venturi and a constant volume bloWer are connected in 
series. 

[0008] In Japanese Laid-Open Patent No. Hei 4-216435 
(1992), there is described an exhaust gas sampling apparatus 
for an internal combustion engine, in particular applying the 
CVS (Constant Volume Sampler) method thereto for 
improving the accuracy and also the response in the mea 
surement. This exhaust gas sampling apparatus for an inter 
nal combustion engine is constructed in the folloWing man 
ner. Within a conduit, in Which ?oWs the diluted exhaust gas 
being formed by mixing the exhaust gas discharged from the 
internal combustion engine With fresh air, is positioned a 
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sampling conduit for sampling a portion of the diluted 
exhaust gas. Connected to the sampling conduit are provided 
a suction pump, a critical Venturi, an exhaust gas analyZer, 
and a throttle valve, in a sequence from the doWnstream side 
of the diluted exhaust gas. Further, betWeen the critical 
Venturi and the exhaust gas analyZer, there is provided a 
passage for introducing atmospheric air into the sampling 
conduit. With the provision of the passage for introducing 
the atmospheric air into the sampling conduit, ?uctuation of 
the pressure in an exhaust gas analyZer is suppressed to be 
minute or very small even When the pressure rises in the 
conduit in Which the diluted exhaust gas ?oWs, thereby 
improving the response characteristic thereof. Further, the 
amount of change in the pressure Within the exhaust gas 
analyZer is small even When a large volume of the diluted 
exhaust gas is introduced into the conduit, thereby having no 
in?uence on the accuracy in the measurement thereof. 

[0009] Further, in Japanese Laid-Open Patent No. Hei 
4-216435 (1992), With provision of an ?oW rate integrator in 
an air supply conduit, there is described an exhaust gas 
analyZer in Which a standard total passage volume at a 
moment can be calculated in a calculation unit by taking into 
consideration the pressure and temperature of gas. This 
exhaust gas analyZer is constructed in the folloWing manner. 
A sample-taking conduit is provided, into Which the mixture 
of the exhaust gas and fresh air is supplied through a gas 
intake conduit, and a gas supply pump is positioned after the 
gas intake conduit. The gas supply pump is constructed With 
a rotation pump having a constant suction capacity, for 
example, and a critical noZZle is positioned before the 
rotation pump. In the air supply conduit is provided the How 
rate integrator Which is constructed With a vortex ?oW meter 
(a mass ?oW meter based on a principle such as Karman’s 
vortex). The output of the How rate integrator is provided to 
the calculation unit. The calculation unit obtains the standard 
total passage volume at a moment by taking into the con 
sideration the pressure and temperature of gas from the How 
rate in the air supply conduit. 

[0010] In the analysis of components in the exhaust gas 
With use of the CVS method in this manner, there is a 
necessity to alter the How rate of the diluted gas depending 
upon the test modes. For example, in a cold transient (CT) 
phase starting from a time point When engine is started to a 
time point 505 seconds later, the How rate of the diluted gas 
is determined to be 15 m3/min, and in a cold stabiliZing (CS) 
phase from 505 sec to 1374 sec to be 3 m3/min. Further, after 
being stopped for ten (10) minutes from the time point at 
1374 sec, the engine is re-started, and in a hot transient (HT) 
phase the How rate of the diluted gas is determined to be at 
3 m3/min. 

[0011] For altering or exchanging the How volume of 
diluted gas depending upon the test modes, according to the 
CVS of the conventional art, a plurality of systems are 
provided in parallel, in each of Which valves for opening and 
closing and a ?xed Venturi are connected in series, Wherein 
the one ?xed Venturi of the desired ?oW rate is selectively 
used. Thus the plurality of systems of the ?xed Venturis 
through Which the diluted gas ?oWs are sWitched betWeen 
based on the How rates thereof. 

[0012] FIG. 16 shoWs problems arising When the How rate 
of the diluted gas is altered in the CVS device of the 
conventional art. As shoWn in FIG. 16(a), When the How 
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rate of the diluted gas is altered from 15 m3/min to 3 m3/min 
by, for example, turning from a condition Where the ?rst 
open/close valve 102 connected to the ?xed Venturi 101 in 
series is turned OPEN thereby conducting the diluted gas at 
the How rate of 15 m3/min into a condition Where the second 
open/close valve 104 of the How rate of 3 m3/min, connected 
to the second Venturi 103 in series, is turned OPEN While 
turning the ?rst open/close valve 102 CLOSED, as shoWn in 
FIG. 16(b), time delay (i.e., a region With hatching lines) 
occurs in the time sequence during Which the How rate of the 
diluted gas is altered from 15 m3/min to 3 m3/min, and 
disturbance in the How rate occurs. 

[0013] In the portion (in the hatched area) of the time 
delay in the How rate, the How rate of the diluted gas is larger 
than the desired one, i.e., 3 m3/min, hoWever in the con 
ventional exhaust gas analysis With use of the CVS device, 
since the decreased volume of the exhaust gas in the How 
rate during the time delay portion (the hatched area) is not 
re?ected upon the analysis data, an error occurs in the result 
of analysis of the exhaust gas components, for example, in 
the degree of 0.3%. Further, since the disturbance occurs 
after the exchange of the How rate, it sometimes also results 
in decrease in accuracy of the analyZed result. 

[0014] Then, With provision of a How meter in the passage 
for the diluted gas for measuring the How rate thereof 
continuously, it can be considered that the measured ?oW 
rate of the diluted gas is re?ected in the analyZed result 
thereof, thereby preventing any error therein from occurring. 
HoWever, the provision of the How meter in the passage for 
the diluted gas not only makes the apparatus itself large in 
siZe and expensive in cost thereof, but also increases the 
resistance in the passage for the diluted gas. Thus the 
capacity of the bloWer must be larger for sucking the diluted 
gas, and therefore this is not a Wise plan or design. 

[0015] Therefore, an ?rst object of the present invention, 
for dissolving such the problems as mentioned above, is to 
provide a How rate detector mechanism using variable 
Venturi therein, being able to alter or exchange the How rate 
With continuity by changing the cross-sectional area of a 
throat, so as to eliminate the disturbance occurring upon the 
change in the How rate of the diluted gas, and also to enable 
output the How rate data With high accuracy even When the 
How rate is altered but Without provision of a How meter as 
described above. 

[0016] Japanese Laid-Open Patent No. Sho 54-127388 
(1979) discloses the folloWing, in connection With the mea 
surement of components of the exhaust gas. 

[0017] In general, the measurement of components in the 
exhaust gas is practiced by measuring the concentration of 
the gas components in the exhaust gas that is sampled in a 
bag Within a predetermined time period, by means of the 
CVS device. As a method for measuring the gas concentra 
tion of components in the exhaust gas sampled in the bag, 
there is knoWn a continuous measure method for diluted gas, 
by Which the gas concentration of the components can be 
obtained as an average concentration of the gas sampled as 
a Whole and can be measured in a moment. In this continu 
ous measure method for diluted gas, the gas concentration of 
speci?c component(s) in sampling gas, being sampled from 
the exhaust gas Which is diluted With the air continuously, is 
measured by a continuous detector, and instantaneous 
Weight of the gas components is calculated by computation 
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using the measured concentration and the How rate of the 
sampled gas. HoWever, the dilution ratio comes to be one per 
several tens (1/several tens) depending upon the operating 
condition of a car (in particular, in an idling operation). In 
explanation, With this method the concentration of the 
sample gas is decreased too much, therefore, the detector for 
measuring the concentrations is required to be one Which has 
high sensitivity. Furthermore, since the concentration of the 
sample gas come to be loW (or lean), it is impossible to 
measure it/them With high accuracy, due to error and so on 
being caused by changes in the concentration of the target 
components to be measured, Which are contained in the air 
for use in dilution thereof. 

[0018] In Japanese Laid-Open Patent No. Hei 4-268440 
(1992) is described an analyZer for exhaust gas of automo 
biles, in Which the exhaust gas discharged from the engine 
of an automobile is diluted With a gas for dilution, at the gas 
being diluted at a constant rate and such that the dilution 
ratio provides that no deW is condensed therein, to the 
diluted gas then being supplied to an analyZer portion as the 
sampling gas. 

[0019] Further, in particular in the section describing the 
conventional arts in Japanese Laid-Open Patent No. Hei 
4-268440 (1992), it is described that, for quantitative analy 
sis of the components contained Within the exhaust gas, the 
exhaust gas is sampled as the sample gas With use of the 
CVS, during Which the automobile is operated on a chassis 
dynamo in accordance With a driving mode, such as a 10 
mode, a LA-4C/H mode, etc., to be supplied to an analyZer 
portion of FTIR (Fourier Transform Infrared Spectrometer). 

[0020] Further, in the section describing the conventional 
arts in Japanese Laid-Open Patent No. Hei 4-268440 (1992), 
it is described that the components and the average value of 
concentration thereof in the diluted gas can be obtained 
during a certain time period, by supplying the diluted gas 
into an analyZer portion, Which is sampled in the bags for 
sampling dilute gas. Further, it is also described that the 
result of analysis can be obtained more correctly by having 
measured background values in advance through analysis of 
the air Which Was sampled in the air sampling bag. 

[0021] Moreover, in the description of the problems to be 
dissolved by the invention of Japanese Laid-Open Patent 
No. Hei 4-268440 (1992), it is described that since the 
exhaust gas is obtained through burning of organic com 
pounds including gasoline, carbon and hydrogen, the 
exhaust gas contains Water vapor therein, and When the 
Water vapor is condensed into deW, the components of the 
gas are reduced because they dissolve into the Water con 
densed from the vapor. Consequently, as a means for avoid 
ing such the situations, it is described that (1) the tempera 
ture of tunnels for dilution and gas passages are maintained 
to be higher than a certain value, so as to prevent the exhaust 
from being decreased in temperature thereof, and (2) the 
dilution rate (multiplying factor) of the diluted gas is 
increased by means of the air for dilution, so as to increase 
the deW point. 

[0022] Also, in Japanese Laid-Open Patent No. Hei 
8-226879 (1996), there is described a gas sampling appara 
tus Wherein for diluting the exhaust gas discharged from a 
source of exhaust gas to be sucked in by the CVS, a 
sampling bag device is provided in a gas sampling ?oW 
passage divided from the CVS through a suction pump and 
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a How rate controller device, and Wherein the gas sampling 
?oW passage is heated in the region reaching up to the 
sampling bags in such a degree that the moisture in gas 
passing there-through is not condensed, so as to provide for 
measurement of components included Within the exhaust gas 
With high accuracy, While sampling the exhaust gas being 
diluted at the minimum limit. 

[0023] HoWever, in the exhaust gas sampling method for 
analyZing the components of the diluted gas being sampled 
in a sampling bag, the diluted gas must be set at such a 
dilution ratio that no condensation of moisture occurs in the 
diluted gas. By increasing the How rate of the CVS (i.e., 
setting the dilution ratio at a high value), it is possible to 
protect the diluted gas from the condensation of moisture 
therein. HoWever, if the dilution ratio is increased, the 
in?uences of CO, HC, NOX and so on contained in the fresh 
air from outside become large, and therefore it is dif?cult to 
obtain the analysis data correctly. 

[0024] Turning attention to the discharged volume of the 
exhaust gas in each of phases Within the traveling modes, the 
dilution rate is decreased by making the CVS different in the 
How rate thereof in each of the phases, so as to obtain the 
correct analysis data. 

[0025] FIG. 12 and FIG. 13 are graphs shoWing the 
results of measurements in a case Where the CVS ?oW rate 
is changed for each of the phases Wherein, in particular, 
FIG. 12 shoWs a relationship betWeen the How rate of the 
exhaust gas in the LA4 mode, While FIG. 13 shoWs the deW 
point in the gas sampling bag. The LA4 mode comprises the 
CT phase from start of the measurement up to 505 sec, the 
CS phase from 505 sec up to 1,374 sec, and the HT phase 
starts after a 600 sec pause up to 505 sec thereafter (note that 
the HT phase is similar to the CT phase, and therefore is 
eliminated in FIGS. 8, 9, 10, 12, 13, 14 and 15). The 
traveling patterns, including operation states such as accel 
eration, constant speed, deceleration, etc. (speed patterns of 
automobiles), are set up corresponding to the development 
of time. In FIGS. 12 and 13, the traveling pattern indicates 
the speed (vehicle speed) of the automobile running on the 
chassis dynamo equipment, for testing. In FIG. 12, the How 
rate of exhaust gas indicates the measured value of exhaust 
gas of the automobile running on the chassis dynamo 
equipment. The test condition shoWn in FIG. 12 is that the 
CVS ?oW rate in the CS phase is set at 2.4 m3/min, While the 
CVS ?oW rate is set at 1.6 m3/min. The sampling bags are 
heated at 40° C. in temperature thereof. 

[0026] For such a condition, the change in the deW point 
Within the gas sampling bag is shoWn in FIG. 13 in 
particular, using the case of a gasoline car as an example, 
When a portion of the exhaust gas (the diluted gas) Which is 
diluted by means of the CVS is sampled in the gas sampling 
bags. In the CT phase in Which the CVS ?oW rate is set at 
2.4 m3/min, the peak value of the deW point Within the bag 
is 346° C. (at the dilution ratio of 3.34), hoWever, the deW 
point Within the bag is decreased to 326° C. (at the dilution 
ratio of 3.95) in the ?nal stage of the CT phase. In the same 
manner, in the CS phase in Which the CVS ?oW rate is set 
at 1.6 m3/min, the peak value of the deW point Within the bag 
is 360° C. (at the dilution ratio of 2.29), hoWever, the deW 
point Within the bags is decreased to 315° C. (at the dilution 
ratio of 4.34) in the ?nal stage of the CS phase. 

[0027] Under the condition mentioned in the above, since 
the sampling bag is heated to 40° C. in temperature thereof, 
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no deW is condensed as long as the deW point Within the 
sampling bag (BAG) is less than 40° C. In the measured 
results of the deW points Within the bag shoWn in FIG. 13, 
because there still remains a margin up to 40° C., it can be 
considered that the diluted gas may be sampled in the 
sampling bag by changing the CVS ?oW rate doWn to a 
lesser value (i.e., by decreasing the dilution ratio), so as to 
sample in the sampling bag the diluted gas Which is higher 
or richer in the exhaust gas condensation. 

[0028] FIGS. 14 and 15 shoW the measured results of the 
CVS ?oW rates in a case Where the condition is loWer than 
those shoWn in FIGS. 12 and 13. In particular, FIG. 14 
shoWs a relationship betWeen the How rate of exhaust gas 
and the CVS ?oW rate, and FIG. 15 shoWs the deW point 
Within the sampling bag. As shoWn in FIG. 14, When the 
VCS ?oW rate is set at 1.84 m3/min in the CT phase and the 
How rate is set at 1.35 m3/min in the CS phase, the peak 
values of the deW point Within the bag come to be 38° C. in 
both the CT phase and the CS phase, and the ?nal deW point 
Within the bag to be 35.8 C in the CT phase and 333° C. in 
the CS phase, as shoWn in FIG. 15, thereby enabling 
bringing them closer to the heating temperature of the 
sampling bag. HoWever, as shoWn in FIG. 14, the How rate 
of exhaust gas sometimes exceeds the CVS ?oW rate in the 
case Where the VCS ?oW rate is set at 1.84 m3/min in the CT 
phase and the How rate at 1.35 m3/min in the CS phase, and 
therefore it is impossible to perform the measurement cor 
rectly. 

[0029] Therefore, another object according to the present 
invention, for dissolving such problems as mentioned above, 
is to provide an exhaust gas sampling method in Which the 
diluted gas at a loW dilution ratio can be sampled in the 
sampling bag While preventing the condensation of moisture 
therein, by changing the CVS ?oW rate corresponding to the 
traveling mode patterns for evaluation testing of the exhaust 
gas, and the diluted gas of the loW dilution ratio (the diluted 
gas in a condition of high exhaust gas concentration) can be 
sampled in the sampling bag by bringing the peak value of 
the deW point in the bag and the ?nal deW point in the bag 
toWards the peripheral temperature of the bags, thereby 
increasing the accuracy in analysis of the exhaust gas 
components. 

SUMMARY OF THE INVENTION 

[0030] According to the present invention, for achieving 
the ?rst object of the invention mentioned above, there is 
provided a How rate detector mechanism using variable 
Venturi therein, comprising: 

[0031] a variable ?oW rate generator, comprising: 

[0032] a core; and 

[0033] a variable critical ?oW Venturi; 

[0034] Wherein a throat cross-sectional area de?ned 
betWeen the core and the variable critical ?oW Ven 
turi may be changed by shifting relative positions of 
the core and the variable critical ?oW Venturi in a 
direction of axes thereof; 

[0035] the How rate detector mechanism further com 
prising a How rate calculation processing portion for 
calculating a How rate on basis of the relative posi 
tions in the direction of the axes thereof and for 
outputting the calculated ?oW rate. 


















