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Abstract: To study the effect of metal wires on the burning rate of solid rocket motor grain, six materials wires with superior
thermal conductive and mechanical properties were selected and embedded into HTPB to conduct ignition tests. The relationship
between the materials’ burning rate enhancement ratio and tensile strength, and the effect of pressure on the burning rate en-
hancement ratio were analyzed, a transient analysis of the burning rate enhancement ratio based on heat transfer theory and
burning surface back-calculation was conducted, and a comparative analysis on the impact of different materials property pa-
rameters on the burning rate enhancement ratio was carried out. The results indicate that the tensile strengths of the copper-sil-
ver and silver-nickel alloys are found to be 2.1 times and 3.6 times that of pure silver, the burning rate enhancement ratio at
94% and 43 % of pure silver, respectively. the alloys have a more balanced performance combination of burning rate en-
hancement ratio and strength. When the average pressure increases from 3.8 MPa to 9. 1MPa, the max burning rate enhance-
ment ratio of the silver-nickel alloy increases from 2.5 to 2.8. Under high pressure, the burning rate enhancement ratio increa-
ses from O to the maximum of 3. 25, then decreases to 2. 65 and stabilized, showing large fluctuations in the burning rate en-
hancement ratio. In contrast, under low pressure, there is hardly any rising or falling trend, leading to a more stable burning
rate enhancement effect, which better match the theoretical analysis. The melting points and specific heat capacities of differ-
ent materials are negatively correlated with the burning rate enhancement ratio, while the thermal conductivity shows a positive
correlation.
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Table 1 Physical property parameters of burning rate enhancement materials
terials thermal conductivity/ density/ specific heat capacity/ tensile
(Wem ' «k™") (10°kg + m™*) (Jekg ' oKD strength/MPa

silver 386 8.9 390 320
copper 429 10.5 232 125
steel 45 7.8 460 1080
copper-silver alloy 403 10.1 270 260
silver-nickel alloy 305 10.2 276 450
carbon fiber silver-plated X:150;Y:1.4 2.1 712 4200
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Table 2 The main parameters for heat transfer calculation

parameters value

metal material silver-nickel alloy

metal wire diameter @®0.4mm
blackening of metal wire 0.8
standard burning rate

. 22mm/s
(6.86 MPa,20C)
heat conduction coefficient of the grain TW/(m « K)
grain density 1780kg/m’

specific heat capacity of the grain 1200)/ (kg « K>

Ignition temperature of the Grain 650K

heat convection coefficient between )
) ) 50 W/(m* « K)
combustion gas and the metal wire

heat convection coefficient between )
2.4W/(m* « K)
combustion gas and the grain

initial temperature of the grain 300K
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Table 3 Main materials of the simulated solid rocket motor

name materials

ignition device carbon steel + black powder

shell carbon steel
insulating material of combus-

) nitrile-butadiene rubber
tion chamber

propellant HTPB
nozzle shell 45 & stell
throat copper infiltrated tungsten

insulating material of nozzle silica phenolic resin molded
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Table 4 Main design parameters of the simulated solid

rocket motor

parameters value
grain length 210 mm
grain diameter ®84 mm
pressure exponent of the propellant 0.3
temperature sensitivity coefficient of the .
propellant 0-0015 ¢
standard burning rate(6.86 MPa,20 C ) 22mm/s
grain density 1770kg/m’
characteristic velocity of the propellant 1530m/s
ablation rate of nozzle throat insert 0Omm/s
nozzle outlet inner diameter ®42 mm
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Table 5 Throat diameter of simulated solid rocket motor and

diameter of burning rate enhancement Materials

material d/mm D/mm
silver 7.0 0.4
copper 7.0 0.4
steel 5.5 0.4
copper-silver alloy 7.5 0.4
silver-nickel alloy 7.5 0.4
carbon fiber silver-plated 6.0
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Table 6 Calculated results of the burning rate enhancement

ratios for different materials

No. material max burning rate ratio
1 silver 4.7
2 copper-silver alloy 4.4
3 copper 3.2
4 silver-nickel alloy 2.4
5 carbon fiber silver-plated 1.6
6 steel 1.03
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Table 7 Relationship between burning rate enhancement ratio and

tensile strength of meal materials

max burning tensile
No. material
rate ratio strength/MPa
1 silver 4.7 125
2 copper-silver alloy 4.4 260
3 copper 3.2 320
4 silver-nickel alloy 2.4 450
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Table 8 Burning rate enhancement ratio of silver-nickel

alloy under different pressures

test average pressure in the max burning
number steady state/MPa rate ratio

SY1 9.1 2.8

SY2 3.8 2.5
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Fig.7 Variation of metal wire burning rate enhancement

ratio over time
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Table 9 Relationship between burning rate enhancement ratio

and thermal diffusivity of different materials (6 MPa)

thermal diffusivity/ diameter/ burning rate

material
(em?® = s7 1) mm ratio(6 MPa)
silver 0.176 0.4 4.2
copper 0.111 0.4 3.0
steel 0.013 0.4 1.1
copper-silver alloy 0.148 0.4 3.8
silver-nickel alloy 0.108 0.4 2.3
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Table 10 Relationship between burning rate enhancement ratio

and melting point of different materials (6 MPa)

melting burning rate ratio
material diameter/mm

point/K (6 MPa)
silver 1235 0.4 4.2
copper 1358 0.4 3.0
steel 1773 0.4 1.1
copper-silver alloy 1287 0.4 3.8
silver-nickel alloy 1523 0.4 2.3
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