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Table 1 The radiation characteristics of pyrotechnics flame

radiation type activation factor matter state

radiating principal

radiation spectrum characteristics

thermal radiation temperature solid liquid
thermal radiation temperature gas
dissociation temperature gas

grain ( macroscopic)
atom molecule

molecule

continuous spectrum
line spectrum band spectrum

continuous spectrum
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Fig.1 Flame model of pyrotechnics

b. zero oxygen balance
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Fig.2 Schematic diagram of the experimental apparatus
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Fig.3 Schematic diagram of the experimental apparatus
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Table 2 The basic characteristics of typical stage fireworks
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sample number samples jetting height/m coverage radius/mm display time/s dosage/g type
1 fountain 3 325 21 41.6 c
2 fountain 3 260 33 14.1
. fountains
3 fountain 2 195 23 25
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Fig.4 Flame temperature curves in different positions of sample 1 Fig.8 Temperature distribution in other positions of sample 1
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Fig.5 Flame temperature curves in different positions of sample 2 Fig.9 Temperature distribution in other positions of sample 2
1600 140 —m— 65 mm to the central line of firework flame
_ ’ —e—130 mm to the central line of firework flame
1400 e e e o e e —A—195 mm to the central line of firework flame
1200 o Jipmmio e outofhefrowork 120 —v— 260 mm to the central line of firework flame
O 325 mm to the exit of the firework
g —<— 390 mm to the exit of the firework °U 100 =
° 1000 b= ggg mm%ome em{ome?rewoﬁ =
E %= 385 mm to the ot of th frowork 2
g 800 :;: glg mm :o me ext{o}&e Frewom ‘5 80
g 500 ~27 S781m to the ext of the rework 8
5 FiEmet 5
—%— mm to the exit of the firewol
400 1365 mm to the exit of the firework -
—1—1495 mm to the exit of the firework
s i 40 -
20 - EEar N
2] mm to the exit of the firewol
0k ] 20 XN_Y——V—V—‘V"
5 10 16 20 25 30 35 40 45 50 55 60 66 70 75 80 85 90 100 300 500 700 900 1100 1300 1500
time /s distance from the exit / mm
B 6 3 5 HF I 5 ) A [R) 57 AL e e - ) it £k B 10 3 S F 5 BT Ty ) H B & 5R A3 A
Fig.6 Flame temperature curves in different positions of sample 3 Fig. 10 Temperature distribution in other positions of sample 3
1600
1400 R B T 4 R 0 £ 4 A1 03, I R FH A
g 1200 —e— sample 2* fountan DAL S W= = S 1 N N (N B IR 7
= 1000 —A— sample 3" fountain - e _
R WY, 5 88 G0 ™ i BR TR LE S5 7 1] £ A [ 1
g ) 2r 3 e
TINNN I 42 X, Hor 9 K S o 7 W 7 T b
{5}
400 \2\:'\.\ AP X, 3 5 A R AR e R R AR R S i e
A,
g g A —a N NS N
o e, S5 LA — B, I FLLT AR AL 345 3 (1) 3L FE 4 A

0 200 400 600 800 1000 1200 1400 1600 P B2y TR i B A0 A X S 4 1A

distance to the sample exit/ mm A= ARRE S EES G RIS E
7 st W 555 7 1) O TP £ B B B O3 A AR RO [E] e 2 R LA K N O3 A R AE B 5 R
Fig.7 Temperature distribution in the centerline of fireworks W EEE W SRR SRR RN — SRR L

Chinese Journal of Energetic Materials, Vol.19, No.5, 2011 (569 —574) A fe A A www. energetic-materials. org. cn



TR 0 5 0 O RCRE N R O3 A R AE

573

AR CE LRSI G NN K o N T
FA2, I B H 250 ALy WU A5G o B 5 6 R iy

T3 RREE GG JORE B Y 25 il s R 0 A X

WIS 5 1) AR WG K , 2 5 5| A L 5 J8R 0 sl mT R W T
M T 75 22 4 B YA

Table 3 The high temperature distribution regions of the typical stage fireworks

above 500 °C

length: about 845 mm

length: about 455 mm
width; about 130 mm

length: about 325 mm

length: about 195 mm
width: about 130 mm

length: about 520 mm

No. above 70 °C above 300 °C
1 length: above 1495

width; about 260 mm width; about 130 mm
5 length: about1105mm

width: about 260 mm width: about 130 mm
3 length. above 1495

width; about 260 mm

width; about 130 mm

length. about 325 mm
width: about 130 mm

Note: The least space between thermocouples is 65 mm,so the real width may be smaller than 260 mm (double 130 mm).
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Flame Temperature Distribution Characteristics of Typical Stage Fireworks

CHEN Tao, FU Xue-cheng, ZHAO Lli-zeng, XUE Gang, WANG Xin, BAO Zhi-ming
( Tianjin Fire Research Institute of MPS, Tianjin 300381, China)

Abstract: The definition and development of stage fireworks were introduced. The radiation characteristics of flame temperature and
sparks temperature of stage fireworks during being displayed were discussed. The thermocouple tree testing apparatus consisting of
59 thermocouples was established to measure the flame temperatures of stage fireworks. The flame temperature distribution of typical
stage fireworks was investigated by temperature measure system with thermocouple and infrared thermograph. The results show that
the flame temperature of typical stage fireworks is extremely high,and the temperature nearby the exits of the fireworks during being
displayed are up to 1200 — 1450 °C. There is a long and narrow high temperature region along the emitting direction of the stage
fireworks. The size of high temperature region of stage fireworks is positively relative to its basic display performances, such as
emitting heights, emitting velocity, radiuses and durations. However, the size of high temperature region of stage fireworks is
essentially depend on the compositions,dosage and combustion condition.

Key words: applied chemistry; firework; stage firework; flame temperature; temperature distribution; thermocouple; infrared
thermograph; radiation characteristic

CLC number; TJ55; TJ450.6; X932; O69 Document code: A DOI: 10.3969/j.issn. 1006-9941.2011.05.020

Chinese Journal of Energetic Materials, Vol.19, No.5, 2011 (569 —574) 2

>
.
o

b AT A www. energetic-materials. org. cn



