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Abstract: To study the effects of oxygen concentration on the ignition performance of zirconium powder,
the combustion process of zirconium powder was observed by CO, laser ignition bench, high—speed camera, two—
color infrared thermometer and fiber optic spectrometer. The ignition delay time, combustion time, combustion
intensity and combustion temperature parameters during the combustion of zirconium powder were obtained. Sub-
sequently, the phase characteristics of the combustion products were analyzed by XRD. It is known from the ex-
perimental results that the combustion process of zirconium powder can be divided into four stages: lighting, in-
tense combustion, stable combustion and flame extinction according to the flame shape. The oxygen concentration
has an important influence on the ignition and combustion performance of zirconium powder. The ignition delay
times of zirconium powder in the four working conditions of C1~C4 are 15ms, 17.5ms, 22.5ms and 25ms, respec-
tively. The combustion temperatures are 1542°C, 1520°C, 1425°C and 1405°C, respectively. Therefore, increas-
ing the oxygen concentration is beneficial to shorten the ignition delay time and combustion time, increase the

combustion temperature and combustion intensity, and improve the ignition and combustion performance of the
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zirconium powder. As the oxygen concentration increases, the flame size, flame brightness and combustion inten-

sity show an increasing trend. At the same time, it was found that the main phase of the combustion product of zir-

conium powder at four different oxygen concentrations is ZrO,, and no phase such as ZrN and ZrC is produced.

Key words: Solid propellant; Propellant additive; Oxygen concentration; Ignition characteristics; Com-

bustion characteristics; Laser ignition
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1) Ignition control module; 2) Ignition combustor module;
3) Ignition diagnostic module; 4) Data processing module;
5) Circulating cooling water; 6) CO, laser; 7) Reflector;

8) Combustion chamber; 9) Specimen;

10) Three-way valve; 11) Pressure gauge; 12) Gas cylinder;
13) High-speed camera; 14) Two-color infrared thermometer;
15) Fiber optic spectrometer; 16) Computer;

17) Laser power supply; 18) Sync trigger

Fig.1 Schematic diagram of the laser ignition test bench

Fig. 2 Physical diagram of laser ignition test bench
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Fig. 3 Characteristic peak spectrum of ZrO

B WAy BICAE T C1~C4, Bl 4 WA AW E T
ZrO FEAE 3% (655nm ) 5 J Fifl B 6] 1) A8 fb A% O o il 1] 4
LA, T CL I | eI R B, B B T R AR
K,k d KAE 5 #E A — A R B B e USETF
R Ja b Ttk B i RAE , e 5 7E 1200ms 247 T RE . H
W T C2 i £k, JF R iz i B T+ (E Bl 5 SRGE T
R, FLR B 20 06 O % 0 B (E, RF 22 R 29 250ms A2 45
Ja XM T iR B e K )E 20 TR, FIRET
Bl C3 MLk, e B AR TR, T R 2R RS R A S
Fr 8L K 2 800ms Ji5 2218 b T, ik B e KAE J5 & T
. feJade T00 C4, Ca ik A fb i R sl S 1.0
C2 F1 C3—H, W45 T80 A9 655nm I K 45 1iF 33 5 i
X B )RR 43 AT LA B X — U 4 A i 1O i 5
R R

Tx10* -

6x10* ——Cl
2 * ——2
5 Sx10%F ——C3
g 4x10'}
3
[ 3x104 b
(5]
=
§ 2x10*

1x10*

0 i 1 1 1 1 1 1 1

0 500 1000 1500 2000 2500 3000

t/ms
Fig. 4 Curve of ZrO characteristic spectrum intensity with

time at different oxygen concentrations
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Fig. 5 Curve of combustion temperature with time under

different oxygen concentrations

Table 1 Ignition and combustion characteristics of each

working condition

Condi- Characteristic spectrum
ty/ms t./ms T/C
tion full-time intensity
C1 7.08x10% 15 1502.5 1542
Cc2 4.55x10% 17.5 1510 1520
C3 2.07x10* 22.5 1730 1424
C4 2.89x10* 25 1520 1405
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Fig. 8 Stable combustion stage
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