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Abstract 

The gas consumption inspection is an important examination of gas water heaters before the 

products import or export from the factory. These tests are currently relied on manual operations to 

implement. It not only wastes a lot of manpower, but also takes a lengthy inspection time. For 

solving these problems, we developed an automatic measurement and calculation system for gas 

consumption inspection of gas water heaters. This system can calculate the gas consumption and 

consumption error of water heaters by measuring the temperature, pressure and flow of the gas and 

the water automatically, then determine whether or not the inspection is qualified and generate an 

output report finally. 
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1. Introduction 

According to the regulations of 

"Commodity Inspection Law"[1], products 

imported or domestic should complete and are 

qualified for the inspection procedures, in 

order to meet the safety, health and 

environmental requirements and consumer 

protection. Before each item is imported or 

sold, it should be attached a “commodity 

inspection logo”. The “products should be 

inspected” means that the announcement of the 

enforced inspection from the BSMI of 

Ministry of Economic Affairs[2] by assessing 

the safety of the use of these products. These 

“products should be inspected” announced 

currently including five categories i.e. 

electronics, electrical appliances, machinery, 

chemicals and toys, a total of 614 products [1]. 

The gas water heaters are products should 

be inspected in mechanical category. The gas 

water heaters can be divided into two types: 

instantaneous  water heaters and storage 

water heaters[3]. These water heaters may be 

burned by liquefied petroleum gas (LPG) or 

natural gas. Base on the regulation of CNS 

13605[5], gas water heaters must pass various 

examinations first, such as the gas 

consumption test, tightness test, gas thermal 

efficiency test, without ventilation combustion 

state test, noise test, ... etc., then they are 

allowed to sell on the market. 

This research concerned with the gas 
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consumption inspection of gas water heaters. 

Such inspection currently rely on manual 

operations implemented by the inspection 

personnel to operate test equipments, and 

control the pressure and flow of gas and water 

into the water heater, and then record all of the 

pressure, flow and temperature values by 

operator, then the operator must complete the 

inspection report according to the recorded 

parameters and calculated gas consumptions. 

Such inspection wastes a lot of labor costs and 

takes longer time. There is even more artificial 

shortage of imprecise records. To solve these 

problems above, we applied the technology of 

automatic measurement [6,7] to develop an 

automatic measurement and calculation system 

for gas consumption inspection of gas water 

heaters. This system can simultaneously 

measure the temperatures, pressures and flows 

of both the gas and the water. The gas 

consumptions and consumption errors, 

automatically calculated based on these 

measurements, the results are used to 

determine the heater qualified or not, finally an 

original record report is generated as well. 

2. The Automatic Measurement System Design 

The instantaneous gas water heater has a 

cold water control switch. It is linked to the 

gas valve to opening or closing. When the cold 

water pass through the thermal exchanger of 

gas water heater, the cold water is heated up[3]. 

For the inspection of gas consumption, both 

the gas valve and water valve must be open 

first, and then regulate their pressures to 

activate the burning of water heater until the 

gas flow go steady. After that, the system start 

to measure various parameters, such as, the 

temperature, pressure and flow of the gas, the 

inlet temperature, pressure, flow and outlet 

temperature of the water. All of these acquired 

parameters would be used to calculate the gas 

consumption and consumption error for 

qualification judgment, and make an original 

inspection record report.  

The system structure of the automatic 

measurement system is shown in Figure 1. 

  

Figure 1. The automatic measurement system 

structure 

 

The function of each constituent unit is as 

follows: 

(1) Tested burner: gas water heater to be 

tested. 

(2) Switch valves: to control the gas or 

water open or close. 

(3) Regulator: to adjust the gas or water 
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pressure. 

(4) Gas temperature detector: to detect the 

gas temperature (Tg). 

(5) Gas pressure detector: to detect the gas 

pressure (Pm) through the flow meter. 

(6) Gas flow meter: for gas flow (Va) 

detection. 

(7) Burner inlet pressure sensor: to detect 

the gas pressure (Pi) into burner after 

the pressure drop through flow meter. 

(8) Water pressure detector: for the 

detection of cold water pressure into the 

burner. 

(9) Water flow detector: water flow (Ma) 

detection of the cold water. 

(10) Inlet temperature detector: to detect the 

cold water temperature (Tw1) before into 

the burner. 

(11) Outlet water temperature detector: to 

detect the hot water temperature (Tw2) 

after it leave the burner. 

(12) A/D signal transformer: Advantech 

USB-4711A data acquisition card, used 

to transform all analog signals from the 

flow, pressure and temperature 

detectors to digital data, then transfer 

the data to the monitoring host. 

(13) Monitoring host: a personal computer 

(Notebook) with an automatic 

monitoring program, it can perform the 

two-stage measurement and calculation 

process in accordance with a predefined 

way. 

The hardware design P&ID (piping and 

instrumentation diagram) of the measurement 

system is shown in Figure 2. Wherein SV is 

the switching valve and PV represents the 

pressure regulating valve. The detected 

parameters by PT-01 (detection of Pm), PT-02 

(detection of Pi), TT-01 (detection of Tg), 

FT-02 (detection of Ma), TT-02 (detection of 

Tw1), TT-03 (detection of Tw2) and FT-01 

(detection of Va) are all connected to the 

analog inputs (AI1 ~ AI7) of USB-4711A 

acquisition card, served as the integrated 

interface of hardware and software. The 

internal configuration of the developed gas 

consumption measurement system entity is 

shown in Figure 3. Figure 4 shows the external 

view of the system entity. 

 

 

 

Figure 2. The measurement system P&ID diagram 
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Figure 3. The internal configuration of the gas 

consumption measurement system entity 

 

Figure 4. The external view of the gas 
consumption measurement system entity 

3. The Measuring and Calculation Process 

In this study, the designed system is 

based on the operational requirements of gas 

consumption inspection for water heaters, The 

flowchart is shown in Figure 5. The operator 

should set related inspection parameters first；

then start the process of measuring and 

calculation. In initial stage, the system will 

check the gas flow has reached a stable state. 

After the gas flow reach stable, the system 

start a two-stage test of gas consumption 

inspection, the test time of each stage is 

T1(minutes), the interval between the two 

stages is a pause time T2(minutes). After the 

completion of each stage, the system will 

calculate the gas consumption and 

consumption error automatically based on the 

setting parameters and the measured values of 

temperature, pressure and flow. Finally, the 

consumption errors of the two stages are used 

to determine the products qualified or not 

(both two errors are less than 10%) and an 

original record report is generated as well. 

 

Figure 5. The system flowchart 
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The parameter-setting screenshot of the 

system is shown in Figure 6. This screen 

allows users to set the gas type, Wobei 

index(WIs), room temperature, atmospheric 

pressure(B), testing gas standard pressure (Ps), 

specific heat of water(C), gas proportion(da), 

gas calorific value(Q), test time(T1), pause 

time(T2), maximum tolerance error(Et), 

sampling rate(ΔT) (sec/time), and report file 

storage path. 

 

Figure 6. The screenshot of the setting of 

inspection parameters  

 

The measurement and calculation screen of 

the system is shown in Figure 7, the left side of 

the screen displays all inspection parameters 

have been set, in the middle part shows the 

pressure chart, the temperature chart, the flow 

chart. These charts display the changes of 

various curves during test. The flow chart 

displays the curves of Ma and Va, the pressure 

chart displays the curves of Ps, Pm and Pi, and the 

temperature chart displays the curves of Tg, Tw1 

and Tw2. By CNS 13603 standards, the output 

water temperature of the gas consumption test 

must be higher than the input water temperature 

40 (± 5) ℃, i.e. Tw2 - Tw1 = 40 ± 5℃. 

 

Figure 7. The screenshot of measurement 

process 

After the completion of each stage of the 

test, the system will automatically calculate 

the gas consumption Is and the consumption 

error ΔIs, the Is is calculated by the following 

formula: 

 

Wherein S represents the water vapor 

pressure, its value can be determined by the 

gas temperature(Tg) as following: 

 

The gas consumption error ΔIs is 

computed by the following formula: 

 

Wherein IsO is the labeled gas 

consumption when exported from factory, if 

ΔIs less than 10%, which means the heater 

pass the test, and if ΔIs greater than 10%, 

which means the heater test failed. When these 

two-stage tests passed, this gas consumption 

inspection is qualified. 

Figure 7 shows the two-stage test process 
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completed, the top left of the screen displays 

the calculated gas consumption Is1(16.22) and 

the consumption error ΔIs1(8.15%) of the first 

stage test, the upper right of the screen 

displays the gas consumption Is2(15.87) and 

the consumption error ΔIs2(5.82%) of the 

second stage test, both the consumption errors 

of the two-stage tests are less than 10%, which 

means that the gas consumption inspection of 

the tested gas heater is qualified. In addition to 

the calculations of Is and ΔIs and the judgment 

of qualified whether or not, the original 

inspection record report can also be generated 

automatically after completion of the 

two-stage test process (as shown in attachment 

table), for the follow-up use. 

 

5. Conclusion 

The developed automatic measurement 

and calculation system can measure the 

pressures, flows and temperatures of both the 

gas and the water simultaneously. Then the gas 

consumptions and consumption errors are 

calculated automatically, which used to 

determine the inspection is qualified or not. 

Finally an original inspection record report is 

created for certification use. With the help of 

this system, we will save effectively to 

inspection manpower costs, and shorten the 

inspection time and promoted inspection 

accuracy. In the future research, we will 

expand the system function to the gas thermal 

efficiency inspection[3] of gas water heaters, 

and in the other aspect is to provide the 

inspection capabilities of gas thermal 

efficiency and gas consumption for household 

gas cooking stove appliances[4]. 
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Attachment: The original inspection record 

table 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /LeaveColorUnchanged
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /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 true
  /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 true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




