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VA-3000 Series Multiple Gas Analyzer

Norikazu Iwata

VA-3000 Series Multiple Gas Analyzer is a gas analyzer that enables users to measure three components
at the same time within a single instrument. As a measurement principle, it can consist of the non-dispersive
infrared method, the chemiluminescence method and the oxygen analysis method (magnetopneumatic type,
zirconia type, and galvanic cell type) of measurement modules. In the measurement module based on non-
dispersive infrared absorption, high vibration resistance and compact size have been achieved by using a flow-
sensor type detector. In this article, we describe the features of the VA-3000 series as well as applications to
fuel cell systems that are attracting great attention as a next-generation energy source.

Introduction

The history of HORIBA’s gas analysis equipment
originated from a scentometer (breath analyzer) intended
for medical use. Today, the company is covering
numerous application fields including automobile exhaust
gas measurement systems, air pollution monitoring
systems, stack gas analysis systems, etc. At present, the
issues and needs that gas analyzer systems are facing are
dynamically changing over various fields from
environmental problems to assessment of new energy.
Analyzing gas components has become very important in
such fields as fuel cell development, catalytic agent
research, bio-gas research, aeration tank”' monitoring,
engine combustion efficiency research, etc. Looking at
today’s needs and seeking true versatility, we have
developed the VA-3000 series multiple gas analyzer
system.

*1:An aeration tank is a tank for encouraging microorganism
proliferation by blowing air into polluted sludge including

microorganism-contaminated sludge.

Product Overview

The external appearance and main specifications of the
VA-3000 system are shown in Figure 1 and Table 1,
respectively. This system, assembled into a 19-inch panel-
mount case, can accommodate up to three gas component
measurements simultanecously. The VA-3000 uses a
chemiluminescence method for measuring nitrogen
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oxides (NO,). It has three type measurement methods,
magnetopneumatic, galvanic cell and zirconia types, are
used for measuring oxygen, and a NDIR (Non Dispersive
Infrared) method is used for measuring various
components that absorb infrared light. Now realized is a
versatile multiple gas analyzer system that can meet
numerous needs for analyzing gas components. In the
NDIR measurement module, a newly developed flow
sensor type detector has been employed.

Figure 1 External Appearance of the VA-3000

Measurement Principle of the Flow
Sensor Type Detector

When a molecule consisting of more than two different
atoms is illuminated by infrared light, transition between
energy levels of vibration and rotation of the molecule
occurs in general, and infrared light having a wavelength
that is particular to the molecule is absorbed. NDIR
measures the amount of absorption of infrared to obtain a
quantitative analysis of a particular gas component.

The amount of infrared absorption changes depending on
the concentration of molecules to be measured. This
relationship is expressed by equation (1) given by the
Lambert-Beer law.
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Table 1 Specifications of VA-3000 System

Mgas_urement ’ ND!R ) CL.A MPA . Zirconia Galvanic cell
principle (Non-Dispersive Infrared) (Chemi-luminescence) (Magneto-pneumatic)
Components to be CO, CO,, CH,, SO,, NO o
measured N,O, etc. 2
0 to 100ppm
Minimum range (depends on 0 to 20ppm 0 to 5% (vol) 0 to 5% (vol) 0 to 5% (vol)
component)
0 to 100% (vol)
Maximum range (depends on 0 to 5000ppm 0to 100% (vol) 0 to 25% (vol) 0 to 25% (vol)
component)
Range ratio 1:10 1:100 1:10 1:5 1:5
Linearity +1.0% of full scale
Drift +2.0% of full scale/week \ +1.0% of full scale/day
Response time 90% response: within 30 seconds
Warm-up time Approx. 20 min. Approx. 60 min. Approx.60 min. \ Approx. 20 min. \ Approx. 40 min.
Gas flow quantity Approx. 0.5 L/min
External Dimensions 430 mm(W) x 132 mm(H) x 550 mm(D)
Mass Approx.20 kg
T=1exp(—lcd) oo (D) Figure 3 shows a structure of flow sensor type detector

1, : Incident light intensity

I : Transmitted light intensity

¢ : Concentration of light absorbing molecule (gas
component to be measured)

u: Absorption coefficient (determined by molecule type
and wavelength)

d : Thickness of absorbing molecule layer (gas layer)

Since /), 4 and d are constants determined by the type of
gas to be measured and equipment, it is possible to obtain
the concentration (¢) of gas component by measuring the
transmitted light intensity (/). In this method, the
wavelength selectivity of the infrared detector is an
important factor for measuring absorption without being
affected by other gas components. In the VA-3000 system,
excellent wavelength selectivity has been realized by
using a pneumatic type detector into which in principle,
the same kind of gas component as the target gas
component is charged!".

Figure 2 shows the structure of the NDIR measurement
module used in the VA-3000 system. Light-source
infrared light goes through the measurement cell or
comparison cell and enters into the detector after being
condensed by the light-condensing block. These two
infrared beams are split using a rotating chopper as light
enters alternately into the detector.
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- |
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Figure 2 Structure of NDIR Measurement Module Used in VA-3000
System

used in the NDIR measurement module of the VA-3000
system. This detector has two light input chambers; a
front chamber and a back chamber, and a flow sensor
using a hot wire resistance located between the two
chambers. Inside the light input chambers, the same kind
of gas as the gas component to be measured is enclosed.
If the target gas component to be measured exists inside
the measurement cell, infrared light is absorbed in
proportion to gas concentration and, as a result, the
intensity of transmitted infrared light through the
measurement cell decreases. On the other hand, if a gas
that does not absorb infrared light is enclosed, the
infrared light is not attenuated, that is, the intensity of
transmitted light will be unchanged. Since the transmitted
light coming via the measurement cell and the light
coming via the comparison cell enter alternately into the
detector due to the operation of the chopper, differing
intensities of infrared light alternately enter into the
detector. Gas enclosed in the front and back-chambers of
the detector repeatedly contracts and expands depending
on the exposure time and intensity of the incident infrared
light. Since the amount of infrared light incident to the
back chamber is less than that incident to the front
chamber (because of absorption in the front chamber),
expansion and contraction of gas in the front chamber,
corresponding to the exposure and intensity of light, is
greater than in the back chamber. As the result, there is

Flow sensor

=) .

Front chamber Back chamber

1

Figure 3 Structure of Flow Sensor Type Detector
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movement of gas between the front- and the back-
chambers. The flow sensor comprised of two hot-wire
resistors is placed perpendicular to the direction of gas
flow from the front chamber to the back chamber. The
hot-wire resistors are biased to keep their temperature
higher than the ambient temperature. When gas flows
from the front chamber to the back chamber, the
temperature of hot-wire resistor of the front chamber side
decreases and the temperature of hot-wire resistor of the
back chamber side increases, and vice versa. Since the
resistance value depends on the temperature, by detecting
the change of resistance value using a bridge circuit as
shown in Figure 4 as a change of voltage, it is possible to
obtain the changing infrared absorption as an alternating
electrical signal.

|
% Fixed resistor

N , Output

Front chamber Back chamber
side resistor side resistor

‘N| Flow sensor
|

Figure 4 Bridge Circuit

Improved Versatility

The VA-3000 can simultaneously measure three gas
components due to the compactness of its measurement
module, has improved anti-vibration capabilities using
flow-sensor detectors and can provide analysis
measurement for a wide range of needs. In the following
sections, we will describe the features and benefits of the
VA-3000.

Simultaneous measurement of up to
three gas components

This ability to measure up to three gas components has
been realized through the compact light-weight design of
the infrared detector by adopting a flow sensor type
detector as well as by reviewing the whole analysis
system to spur efforts to miniaturize all components.
Since the VA-3000 is comprised of three independent
measurement modules, it is possible to freely select the
gas component to be measured and the range of
concentration measurement without being limited by
other gas components. Through this feature, in cases
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when evaluating a system by continuously monitoring
multiple gas components (or measuring the same
components with multiple measurement ranges) such as
in a fuel cell system, it is possible to greatly save the
number of analyzer installations required. Also, since one
can simultaneously measure three different gas, when
continuously monitoring a certain component gas
concentration and executing process control for a parallel
installation of multiple process lines, it is possible to
reduce the number of analyzer installations.

Improved Anti-Vibration Capability

In the VA-3000 system, the detector has been changed
from the previous condenser microphone type to a flow
sensor type. As an advantage of adopting this type of
detector, there is an improved anti-vibration capability. In
the conventional condenser microphone type detector,
electrical signals converted from vibration of the
microphone’s diaphragm caused by changes of pressure
between the two light accepting chambers. While in the
flow sensor type detector, the difference of gas expansion
between the two light input chambers is detected as a
difference of gas flow amount, and, since there are no
mechanical moving parts within the detector, it is possible
to suppress the effect of vibration. Figure 5 shows a
comparison of the effects of vibration between the
condenser microphone type detector and the flow sensor
type detector. The direction of applied vibration is
perpendicular to condenser film. While changing the
vibration frequency, the output signals from both
detectors was observed. In this experiment, strong
vibration was applied that is not realistic in normal usage
conditions in order to make it easy to compare the effects
of vibration on the detector. From Figure 5, we can see
that the anti-vibration capability has been greatly
improved by adopting the flow sensor type detector.
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Figure 5 Comparison of Effect of Vibration
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Reduction of Interference Effects

In the NDIR measurement module, gas components are
identified and measured by using the infrared absorption
characteristics of each component. But, in cases when the
absorption wavelength range of the target gas is
overlapping with one of the other gas components in the
sample, the result may be influenced. As typical examples
of such cases, we can cite the influence of CO, on CO
measurement, and the influence of H,O on SO,
measurement. If there exists only one component, the
influence of this gas component can be eliminated by a
conventional method that arranges two detectors in series
with different gas concentrations enclosed. However, with
this method, it is impossible to eliminate interference
when there exists two types of interference component in
the sample gas. For example, influence of CO, and N,O
on CO measurement, and the influence of H,O and CH,
on SO, measurement. Since the VA-3000 can
simultaneously measure up to three gas components, even
if there exists two types of interference component, the
system can measure the target gas component with a high
accuracy by measuring one of the interference
components added to the target gas component to be
measured simultaneously and by internally processing
these results.

Application to fuel Cell Systems

At present, the fuel cell is attracting great attentions from
industry as a new energy source that has high compound
efficiency including power generation efficiency and
waste heat recovery and is also environmentally friendly.
There are of course, numerous types of fuel cell. A
typical example is the type that extracts hydrogen from
gas fuels such as utility gas and LPG and obtains
electrical energy from an electrochemical reaction
between hydrogen and oxygen. When developing and
evaluating such a fuel cell, it is important to establish the
gas composition at each stage. Herein is described a fuel
cell application of the VA-3000 citing as an example,
Polymer Electrolyte fuels cell (PEFC) that are anticipated
to become domestic units because of such features as low
operating temperature, small size and light weight.
Figure 6 shows the concept of a PEFC system and an
application example of the VA-3000.

Fuel gas such as utility gas and LPG first has its sulfur
components removed by desulfurization, then it is
reformed so as to consist of H,, CO, CO,, CH,, H,O
through the chemical reaction as shown in equation (2)
and (3).

CH,+ HyO <—= CO+3 H, wererrereremnemnnenennnn 2
CO +H,0 <= CO,+H, «+ovvveveeiiiiin, 3)

This reformed gas is further processed to reduce its CO
concentration to as low as 10ppm by CO eliminator while
increasing its H, concentration using the reaction of
equation (3) by CO transformer and introduction into the
cell stack. Although heating is required for inducing
reaction in the reformer, the temperature of the reformer
is increased by burning a part of the fuel gas along with
off-gas that has passed through cell stack. By installing a
VA-3000 into each stage of this fuel cell system, it
becomes possible to monitor the reaction rate of the CO
transformer, CO removal rate of CO eliminator, and
reaction efficiency in the cell stack. We believe that in
ways like this, the VA-3000 will be able to greatly
contribute to development and evaluation of fuel cell

systems.
Fuel gas
[Utility gas, LPG, etc.]
I 2R .
‘ Desulfurizer EZS' ‘ -
Exhoaust gasocormnuous measureHment
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v
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Figure 6 Concept of PEFC System and Application Example of VA-3000

Conclusion

We have described improvements in versatility of the
VA-3000 series multiple gas analyzer and introduced an
application example to monitoring the power generating
processes in fuel cell systems. The VA-3000 is a versatile
analyzer that can address numerous wide-ranging needs
from research and development to monitoring
environmental gas concentrations. We believe that we
will be able to contribute to industrial development and
global environmental preservation through this excellent
analyzer.

Reference

[1] Junji Aoki, “Pneumatic infrared detector,” Readout, 7,
64-71 (1993).

Norikazu lwata

HORIBA, Ltd.
Gas Measurement R&D Dept.
Process Instruments

Readout English Edition No.10 November 2006 | 29




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


