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Siriratchanee Sirisawat 2011: Developing Equipment for the Relation of Temperature
and Flammability Limits. Master of Engineering (Fire Protection Engineering),
Major Field: Fire Protection Engineering, Interdisciplinary Graduate Program.

Thesis Advisor: Mr. Supat Patvichaichod, Ph.D. 84 pages.

The objective of this research was to developed a flammability limit behavior learning
equipment which was designed to study the relation between fuel gas (LPG) and combustion.
The equipment can be used as an experimental model for observing combustion experiment. By
including a heater and a thermocouple, the equipment was improved to give a better understanding
of the relation between temperature and flammability limit of LPG beyond those from a basic fire
fighting text book. To reducing the error from the mixing volume, the combustion chamber size
was reduced to a width of 25 centimeter, length of 40 centimeter, and height of 20 centimeter
which the volume is 20,000 cubic centimeter or 20 liter. The equipment was made from

stainless steel with a safety sight glass installed for observation.

The result shows that the flammability limit of LPG vary with temperature and can be
compare with Burgess-Wheeler Law’s Theory. This theory mentioned “LFL and UFL is relative
with the chemical in Paraffin Hydrocarbon (Alkane) Group in any increasing of temperature”
Results of the experiment found that there is consistent with the theory. When the temperature
in equipment increase, flammable limit is expansion too. In addition, there are many
flammability and backfire theory which interesting for experiment. However, this equipment
can be use to develop for other researches and to improve knowledge of fire protection and

suppression in Thailand.

Student’s signature Thesis Advisor’s signature
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100 0.83 aa'lul aa'lul aa'lul
105 0.87 aa'lul aa'lul aa'lul
110 0.91 aa'lul aa'lul aa'lul
115 0.95 aa 'l aa 'l aalvl
120 1.00 aalul aa'lul aa'lul

125 1.04 an 'l an 'l aa 'l



M3519N 14 (7D)

53

93141ﬁ ‘IJ%N'WI? LPG wan1Inaaoy Wan1inaaay Wamainaaasy
@n5 lviaxna) avafi 1 avaii 2 avafi 3
130 1.08 aa'lal an 'l an'la
135 1.12 aa'lul aa'lul aa'lul
140 1.16 aa'lul aa'lul aa'lul
145 1.20 aa'lul aa'lul aa'lul
150 125 an'lal an 'l 'l
155 1.29 an'lal an 'l an'lal
160 133 an'lal an 'l an'la
165 1.37 an'lal an 'l an'lo
170 1.41 an'lal an 'l an 'l
175 1.45 an'lal 'l an'lal
180 1.49 lida'lu 'l an'lal
185 1.54 Tida'lu lida’lu lida’lu
190 1.58 lida'lu liida’lu lida’lu
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230 1.91 Tida'lu Taidia 1 lidalu
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255 2.12 Tida’lu Tiiaa vl liidaalul
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Issued By Carrier Technology Laboratory

'CERTIFICATE OF CALIBRATION

10CE045
Date of Issue 18 March 2010
Page 1 of 3
Carrier Technology (Thailand) Co.,Ltd.
267/154 Sukhumvit Road ,Tambol Maptaphut
Muang Rayong District ,Rayong Province 21150 .
Tel.: 0 3860 8827 Fax : 0 3860 8828 Approved Signatory

Su

rak C. (7 Sophon Ch. (%}

Customer : TOC Glycol Company Limited
9 Soi G12, Hemaraj Eastern Indusirial Estate. Pakom Songkhrao-Rat R¢
Tambon Maptaphut, Amphur Muang Rayong, Rayong 21150

Date Received | 16 March 2010

Instrument -  System 1D E0196
Description Advanced Signal Calbrator
Manufacturer Ametex
Mode! Number ASC300G
Serial Number 9271085
Procedure Version 730 Customer Ref. -
Environmental Conditions
Temperature . 23'C:2'C Mains Voltage 220V 2 10V
Relative Humidity | 50%RH 2 16%RH Mains Frequency 50Hz £ 1Hz
Comments o
Instrument was placed in lab and allowed to stablise before calibration. bt
Calibration results was found accurale as shown on date and place calibraten only.  « " C. .
";""‘ e \"
Aemd o\
Py K
| n’
Traceability Information
Instrument Description Sorial Number Certificate Number Cal. Date Cal. Period
3041 Precision Multi-Product Calibrator F102788 EL-0143/08 15/06/2009 52
5075 Prec:sion Multimeter 1224804 EL-0144/08 16/06/2008 52
ZX74 D.C. Resistance Boxes 00751102 SE015-01 08/07/2009 52
Calvrated By Jaturaporn J, Date of Calibration = 18 March 2010

The reported expanded uncertainty is based on & standard uncertainty multiplied by a coverage factor k=2, providing
a level of confidence of approximatiey 95%. The uncertainty evaluation has been carnied out in accordance with UKAS

requirements

This cestificate provides traceabllity of measurement to recognised National standards, and to th
roaised at the National Physical Laboratory or other recognised National standards laboratories.

€ units of measurements

Copyright of this certificate is owned by the issuing laboratory and may not be reproduced except with the prior written

approval of the issuing isboratory.




CERTIFICATE OF CALIBRATION

Certificate Number

10CE045
Page 2 of 3

Tost Title Applied Value Reading Value Uncertainties
Function : mA Read V erification
Range : 0 to 24 mADC
24mADC. 4 000maA, 3.995mA 012uA
24mADC. §.000mA 7.995mA 0.89uA
24mADC 12 000mA 12.000mA 0.88uA
24mADC 16 000mA 16 000mA 0.96uA
24mADC 20.000mA 16.985mA 0.98uA
26mADC. 24.000mA 24.900mA 1.35uA
Function : Isolated mA Read Verifi cation
Range : 0 to 24 mADC
24mADC 4.000mA 4 0DOmA 0.12u4
24mADC 8.000maA 8.000mA 0.99uA
24mADC 12 000mA 12.000mA 0 88uA
24mADC 16.000mA 16 000mA 0 88uA
24mADC 20 000mA 20 000mA 0.8%uA
24mADC 24 000mA 24 000mA 1.35uA
Function ;: mA Source Verification
Range : 0 to 24 mADC
24mADC. 4 000mA 3999mA D A1uA
24mADC. B 000mA 7.998mA D.41uA
24mADC 12.000mA 12.000mA 1.210A
24mADC. 16.000mA 15.989mA 1210A
24mADC 20 000mA 19.996mA 1.210A
24mADC 24 000mA 23 688mA 2410A
Function : RTD Pt100 4Wire Read Ve rification
Range : -200 to 800 °C
800 °C -200.0°C -1889°C 0.13°C
800 °C -100.0°C 88 e°c 013°C
800 “C 00C 01°C 0.12°C
800 *C 00'c 300.1°C 0.14°C
800 °C 600.0°C 600.1°C 0.15°C
800°C 800.0°C 800.2°C 0.15°C
Function : RTD Pt100 Source Verifi cation
Range : -200 to 800 *C
800 *C «200.0°C -200.0°C 0.14°C
800 °C +100.0°C «100.0°C 014°C
800 °C 00°C 00'C 0.14°C
800 °C 3000°C 3000°C 014°C
800 °C 6000°C 800 0°C 0 14°C
800 *C 8000°C 800.0°C 014°C
Function : Thermocou ple Type K Re ad Verificatio n
Range : -200 to 1370 “C ( CJC OFF )
1370°C -180.0°C -179.8°C 0.17°C 8,

Trasamilie ProCal / ProCal-Track - Standard Cantifcate VI 00



CERTIFICATE OF CALIBRATION

Certificate Number
10CE045
Page 3 of 3
Test Title Applied Value Reading Value Uncaertainties
1370°C 00°C g1°C 0.17°C
1370°C 1370.0°C 13701°C 042'C
Function : Thermocou ple Type K So urce Verificat ion
Range : -200 to 1370 *C ( CJC OFF )
1370°C -180.0°C -179.8°C 017°C
1370°C 00°C 00°C 017°C
1370°C 1370.0°C 1370.0°C Q42°C
Function : Thermocou ple Type E Re ad Verificatio n
Range : -200 to 950 °C { CJC OFF )
850 °C -200.0°C -2000°C 034°C
850 ‘C 0.0°C 00C 034°C
850 *C 950 0°C a50.0°C 034'C
Function : Thermocou ple Type E So urce Verlficat ion
Range : -200 to 1000 °C ( CJC OFF )
950 ‘C -2000°C -198 8°C 034°C
950 ‘C oo0C 0.1°C 034°C
950 *C $500'C 950.0°C 034°C

END OF TEST DATA

Transrille ProCa / ProCasTrack - Standaes Canificate V1.00
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Agilent
Flowmeter
ADM2000

Operating
Instructions

Agilent Technologies
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Agilent Flowmeter ADM2000

Product Specifications

Flow range: 0.5 to 1000 mL/min, autoranging

Accuracy + 3% of reading, or =+ 0.2 mL/min, whichever is
greater.

Tubing temperature range: -62°C to 110°C

Operating temperature range: 0°C to 45°C

Power: 9V battery (alkaline), or AC power adapter
Display: 16 character alphanumeric

Automatic power off

Spiit ratio mode with continuous split flow rate reading
NIST traceability

Compatible with non-corrosive and non-flammable gases
Self-checking power on sequence

Volumetric and mass flow measurements

RS232 output

Each flowmeter individually computer calibrated

Operating Instructions n
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Certificate of Calibration

Agilent Technologies
2850 Centerville Rd., Wilmington, DE 18808

Model: 2000-series Calib Date: May 13, 2008
Serial: USO9E38773 ReCal Date: Aug 13, 2010

Calibrated by: Gail g&  szc<t TestStation: 100-28
Work Order: 2k Traceable Standards: Teldyne 1613, 1817, 1798
Test s 25.0-deg. Celsius  28.16-inches HgA ( 95.3-KPa)

Instrument Maintenance Prior to Calibration: instated New Battery

As per Agilent procedure PC090301, ANSUNCSL 2-540-1-1894, the above designated flow meter
was calibrated to within an absolute accuracy of 3-percent to NIST traceable flow rate standards
manufactured by Cincinnati Tost Systems Inc. These flow rate standards are periodically
verified 1o the above listed NIST traceable standards which have a reported absolute acouracy of

e e e
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