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Determination of Combustion Propagation Velocity of Thermite
Reaction Mixture Using Continuous VOD Measurement System
Min—Seong Kim, Hyeong—Min Kang, Sang—Sun Jeong, Yun—Yeong Jeong,
Hoon—Park, Sang—Ho Cho

Abstract The objective of this study is to develop a method for monitoring continuously the combustion propagation
behavior of commercial thermite reaction mixtures using conventional continuous VOD (velocity of detonation)
system. In order to monitor the combustion front propagation with elapsed time during thermite reaction, the VOD
system employs two types of commercial VOD probes and one self-made probe: VOD PROBEROD-OS, VOD
PROBEROD-HS and VOD PROBEROD-ES, respectively. Among the probes, the only self made VOD PROBEROD-ES
successfully demonstrates the velocity of combustion propagation (VOC) with elapsed time. It was found that VOC
of the thermite reaction mixture inside a steel tube has been reached around 200m/s within 100mm distance from
the ignition and dramatically increased up to about twice the speed of sound in the range between 100mm and
300mm distance. Finally the VOC reached up to around 800my/s. This results imply that it is necessary to use
over 300mm long cartridge of thermite reaction mixture in order to achieve normal VOC of the mixture.

Key words Thermite reaction mixture, Continuous velocity of detonation (VOD), Velocity of combustion propagation
(VOC), Self-made VOD probe
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Table 1. Commercial system for determining continuous the VOD

VOD Mate Handitrap/ Datatrap Speed-VOD Shot-Track

Sensor type Sensor cable Proberod or wire cable Cable sensor Cable sensor
VOEChmnei:il::ring Electrical Electrical TDR(ref]l)eucltseec; electric TDR
Resolution <10mm <10mm 62mm 62mm

Set-uptime requirement 5 = 15min. 10 - 20min. 10 - 20min. 10 — 20min.
Multihole capability Yes Yes Yes Yes
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Fig. 1. Typical VOD recording result of an explosive using Handitrap Il recorder(MREL Co.).
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Fig. 3. Schematic diagrams and pictures of the VOD probes
for measuring the VOC during thermit reaction.
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Fig. 4. Test preparations for preventing impulse noises.
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Table 2. Test conditions for measuring the VOC during thermit reactions

Charge holder . . . .
Type of probe sensor tube material Tube inner diameter (mm) | Tube outer diameter (mm) | Specific charge (g/cc)
Plastic (PC) 15 18 1.4
Original Sensor astic
1 2 1.4
(0S) 7 0
Steel (SP) 20 25 1.2
12 15 14
15 18 14
Plastic (PC)
High Sensitive 17 20 1.4
(HS) 20 23 1.2
15 20 1.4
Steel (SP)
20 25 1.4
iti 15 20 1.4
Extremely Sensitive Steel (SP)
(ES) 20 25 1.4
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Table 3. Recording results of the VOC during thermit reaction

Sample No. |Charge Weight (g)|Reaction completion (%)|Average VOC (m/s)|Estimated inner pressure (GPa)| Remarks
OS-PC-15-1 240 0 - -
OS-PC-17-1 240 0 - -
HS-PC-12-1 152 0 - -
HS-PC-15-1 240 0 - -
HS-PC-17-1 240 0 - -
HS-PC-20-1 395 0 - -
HS-SP-20-1 382 100 300 1.30
0OS-SP-20-1 390 100 - 0.90
HS-SP-15-1 240 100 396 0.47
HS-SP-15-2 230 0 - 0.55 Bad tamping
HS-SP-20-2 441 100 488 - Tube burst
HS-SP-15-3 244 100 484 0.99
HS-SP-20-3 460 100 - 0.27
ES-SP-20-1 460 100 315 0.42
ES-SP-15-1 244 100 504 - Tube burst
ES-SP-20-2 460 100 372 0.55
ES-SP-15-2 244 100 543 - Tube burst
ES-SP-15-3 244 100 560 - Tube burst
HandiTrap Il # 344
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Fig. 5. Recording result

0.75
Time (ms)

1.00

of combustion propagation distance and collapsed time using PROBEROD-HS (HS-SP-15-3).
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Fig. 6. Recording result of combustion propagation distance and collapsed time using PROBEROD-ES (ES-SP-15-1).
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Fig. 7. Variations of combustion propagation velocity with distance.
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