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Experimental study and observation on spin combustion
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Abstract: The experimental investigation and observation on the spin combustion in N+Si, T+Ni and thermite systems
were presented. The effects of the initial stoichiometry, initial density, particle size of silicon, and initial temperature on
the spin combustion process were studied mainly in Nt Si system. In Tt Ni system, the effects of preheating temperature
and initial stoichiometry of compact on combustion process and mode were studied. T he results show that the spin com-
bustion is one of the nomrsteady state combustion. Weak exothermic reaction or heat loss in the reaction can result in the

norr stability of combustion wave. Strengthening the reaction process such as preheating can change combustion mode from

unstable spin combustion to stable one.
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Table 1 Formation enthalpy and

melting point of NrSi compounds

Phase  w(Si)/% Designation (J_Anifl / 3 7,/ C
NisSi 25.0 B - 141 1143
NisSiy 28.6 Y - 1440 1215
NiSi 33.3 5 - 144 1215
NisSiy 40.0 € - 1349 - B
NiSi 50.0 - - 86 964
NiSi, 67.7 - - 88 993

(O—TEstimated values of formation enthalpy; @—Ni3Si, undergoes a
solid state transformation before melting occurs

Bl 1 NrSi &g IR L L
Fig. 1 Spin combustion in NrSi system
(a) —NisSip; (b) —NiSi; (¢) —Ni3zSiy
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Table 2 Spin combustion parameters in

NrSi system[ 10]

C » Relative T/ v/ Pitch/  Frequency/
pEpasition density/ %  C  (mm*s™ ") mm Hz
50. 6 1160 1.75 0.7 2.5
51.2 - 2.54 0.6 4.2
3Ni+ Si
51.6 - 2.54 0.7 3.6
58. 1 - 2.80 1.5 1.9
50.3 1250 2.49 0.45 5.5
51.9 1313 2.95 0.48 6.1
5Ni+ 2Si
53.3 1341 3.15 0.60 5.3
55.5 1285 4.27 0.55 7.8
50.7 1313 2.89 - 8.0
53.7 1339 3.93 0.40 9.8
2Ni+ Si
55.8 1314 0.33
57.4 1343 5.05 0.35 14.4

50.8 1325 2.07 - -
53.8 1343 2.80 - -

Kl 2 Ni,SiF¥e SV E SR

Fig. 2 Cross sectional morphologies of

3Ni+ 2Si 54.5 1320 2.84 - -

Ni,Si sample 56.5 1375  3.44 - -
58.5 1400 4.02 - -
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75 TENi REi, JELAIL 2 H 8 B RE i of spin combustion in NtSi system
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Fig. 4 Extinction of spin combustion
wave in NiSi samples
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Fig. 5 Effects of Ni content on combustion process in TrNi system
(1)Tr40% Ni; (2) T45% Ni; (3)T+50% Ni; (4) T+57% Ni
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Fig. 6 Effect of relative density on
average velocity and spin

frequency of Ni3Si samples
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Fig. 8 Effect of relative density on
average velocity and spin

frequency of NiSi samples
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Fig. 9 Appearance of NizSi combustion synthesized

samples with different silicon particle sizes
(23.5% Si, Relative density 53%,
Preheating temperature 200 C)
(a) —150 tm; (b) —105 Um; (¢) —S0 Um
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Fig. 10 Effect of Si particle size on
combustion velocity and spin frequency
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Fig. 11 Appearance of samples with different preheating temperatures in Ni3Si
(a) —Room temperature; (b) —100 C; (¢) —160 C; (d) —250 C; (e) —310 C; (f) —410 C
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Fig. 13 Extinction of spin combustion

as wave encounters thermocouple wire
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Fig. 12 Appearance of samples with
different preheating temperatures
in Ti-57 % Ni
(a)—200C; (b)—220C;
(c)—250 Ty (d)—300 T ; (e)—325 T
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Fig. 14 Evidence of spin combustion of

thermite reaction in rotating steel pipe
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