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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 electronics, electrical appliances, machinery,
According to the regulations of chemicals and toys, a total of 614 products [1].
"Commodity Inspection Law"[1], products The gas water heaters are products should
imported or domestic should complete and are be inspected in mechanical category. The gas
qualified for the inspection procedures, in water heaters can be divided into two types:
order to meet the safety, health and instantaneous ~ water heaters and storage
environmental requirements and consumer water heaters[3]. These water heaters may be
protection. Before each item is imported or burned by liquefied petroleum gas (LPG) or
sold, it should be attached a “commodity natural gas. Base on the regulation of CNS
inspection logo”. The “products should be 13605[5], gas water heaters must pass various
inspected” means that the announcement of the examinations  first, such as the gas
enforced inspection from the BSMI of consumption test, tightness test, gas thermal
Ministry of Economic Affairs[2] by assessing efficiency test, without ventilation combustion
the safety of the use of these products. These state test, noise test, ... etc., then they are
“products should be inspected” announced allowed to sell on the market.
currently including five categories i.e. 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
This

measure the temperatures, pressures and flows

heaters. system can simultaneously

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
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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.

Measuring host
machine

Pir ************ !

1
Heater inlet gas
pressure detector

Tested Water
Heater Inlet water

temperature detector

Water Input

Gas Cylinder Water Tank

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 (7).

(5) Gas pressure detector: to detect the gas
pressure (P,,) through the flow meter.

(6) Gas flow meter: for gas flow (V)
detection.

(7) Burner inlet pressure sensor: to detect
the gas pressure (P;) into burner after
the pressure drop through flow meter.

(8) Water the

detection of cold water pressure into the

pressure detector: for
burner.

(9) Water flow detector: water flow (M,)
detection of the cold water.

(10) Inlet temperature detector: to detect the
cold water temperature (7),;) before into
the burner.

(11) Outlet water temperature detector: to
detect the hot water temperature (7.;)
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)

monitoring program, it can perform the

with  an  automatic
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
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the switching valve and PV represents the
pressure regulating valve. The detected
parameters by PT-01 (detection of P,), PT-02
(detection of P;), TT-01 (detection of Ty),
FT-02 (detection of M,), TT-02 (detection of
Twi), TT-03 (detection of T,2) and FT-01
(detection of V,) are all connected to the
analog inputs (AIl ~ AI7) of USB-4711A
acquisition card, served as the integrated
The

internal configuration of the developed gas

interface of hardware and software.
consumption measurement system entity is
shown in Figure 3. Figure 4 shows the external

view of the system entity.

Ty P V, P;
AI3 All Al7 A2
(TTY (PTN (FTN /P
e M i N/ N/ (o) No2J
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Input }—‘ Tested
PV-1 Burner
M, [Al] T, [Al6] To,

i Y i
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ep
ep
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SV-2
Water g E% |
I
PV-2

Input

Al : Analog Input

TT : Temperature Transducer
PT : Pressure Transducer

FT : Flow Transducer

SV : Switch Valve

PV : Pressure Valve

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
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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
Ti(minutes), the interval between the two
stages is a pause time Th(minutes). After the
completion of each stage, the system will
the gas  consumption
consumption error automatically based on the

calculate and
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.

Set inspection parameters

Measurement and y Calculation Process

Stabilizing gas flow

!

First stage test (T1)

Y

Suspend period (T2)

Y

Second stage test (T1)

A\
Make output report

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(WI), room temperature, atmospheric
pressure(B), testing gas standard pressure (Py),
specific heat of water(C), gas proportion(d,),
gas calorific value(Q), test time(7)), pause
time(75), error(Ey),
sampling rate(AT) (sec/time), and report file

maximum tolerance

storage path.

COM Fril(CEmiEL

System for Gas Consumption Inspection |

Seting of Inepection Parameters
Gas type :|  LPG(S0P/50B)
Wobei index(WIs) : 242 KWh/m*N Room temperature(RT) = ;| 25 C
Testing Gas standard pressure(Ps) =5 28 Kpa Atmospheric pressure(B) © 4 10242 Kpa
Gas proportion(da) = 5 155

Gas calorific value(Q) -4 284 KWh/Nm3

Specific heat of water(C) J‘ 116  Wh/KgK
Labeled gas consumption(IsO) J\ 15 KW
Test time(T1) : 5 1 min Pause time(T2) : 5 05 min

Maximum tolerance error 1 f 2 % Sampling rate(AT) = 1 sec/time

Report filename 2 D:\Gas Consumption Inspection Original Reportxls

‘ Measuring and Calculation Process | ‘ STOP |

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 M, and V,, the pressure
chart displays the curves of P;, P, and P;, and the
temperature chart displays the curves of Ty, T\
and T,,. By CNS 13603 standards, the output
water temperature of the gas consumption test

must be higher than the input water temperature

40 (£5) C,ie. Tyo- T, =40 £5C.
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Gas consumptiops consumption
errors / \

Cas_type Measuring and Calculation Process |
[ Crocsomsson) |
1 a1t
1oz Tow I 515 J%0|Message| This inspectio
e ) e
w454 JUMIN | 0

qualified.

Flow graph Pressure graph Temperature graph

Figure 7. The screenshot of measurement
process

After the completion of each stage of the
test, the system will automatically calculate
the gas consumption /; and the consumption
error Al,, the I; is calculated by the following

formula:

2
I :I/3A6><\/da><Vu><;73x 1013+ Ps
s 293 101.3

da
101.3+Ps

B+ Pm 7(1 - 0'622}?

B+ Pm 293
X X X
B+ Pi 273+Tg

Wherein S represents the water vapor
pressure, its value can be determined by the

gas temperature(7}) as following:

1735.74
S = 10" and o = 7.203 -

Tg +234
The gas consumption error Al is

computed by the following formula:
I, - 1O
Alj= — x 100
1,O

Wherein ;O is the
consumption when exported from factory, if
Al less than 10%, which means the heater
pass the test, and if Al greater than 10%,

which means the heater test failed. When these

labeled gas

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 /;(16.22) and
the consumption error AZ;(8.15%) of the first
stage test, the upper right of the screen
displays the gas consumption 7»(15.87) and
the consumption error Alp(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 /; and A/ and the judgment
of qualified whether or not, the original
inspection record report can also be generated
the

two-stage test process (as shown in attachment

automatically after completion of

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

The Original Record of Gas Consump tion Insp ection for Heat Water

InspectItem & Tast of gas cansunption ProposalHo. &
Fartory & Type = Test Drate & 20143029
Lab eled gas comsunphion | 15KW Gas Type | LPG
1. Pre-Heatup @
A Time ! From Hoxr Min ~ Hoor Min
B Gas Pressurvre & 280 mwiH O
C Water Pressme © 1 kefom
2. Gas Comsumption Inspection =
Test Content Tt Code W ahues
[Type of test gas 7 PG S0F/S0E)
(Wiohei Indesx EWhim 1 Wis 32 3
Foom temperatie i ! 25 X5
Water pres sure Keffem ! 1 1
Te.s? Atmosplerc pressue|  Fpa E 102.42 1242
Comdition [Fas tenperature i) Tz 04 X
W apor pressue Epa s 825 525
Gas pressum inmeter| Fpa Bm &.02 805
Irlet zas pressure Epa Fi 4.14 4.12
Gas proportion ! da 1.55 1.35
Test tume Sec Tl &0 1]
Total g as corsunphion m v 0.03 005
Meamred zas comumption m M Va 2.05 2
(Gas conmmption W I 15 22 1557
[Remanks
1. Fernula of LPG zas commppton &
Q53
B 273 1013+Ps B+Fm | 203 B+B"{1_ d‘js
= sl s fdmd 4
L] 293 1015 D+Fy !‘373}{ 1015+Fs
2. LPG is the hiquefied petioloum g conposed of Propane 50% and Butare S0%
3. The inspecton spec wfewnces session 5 of CHE 13805 and session 52 of
CHE 12803
4. 1 novHz = 0.1 38K pa, 1 nondg = 0.0098Kpa

Tester
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