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Fig. 1 Schematic drawing of solid rocket motor
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Fig. 5 Sizes of the solid rocket motor and locations of monitoring points
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Fig. 7 Temperature distribution at different times without natural convection
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Fig. 8 Temperature distribution at different times with natural convection
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(b) Mass fractionsof different componentsand
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Fig. 9 Temperature curves of different monitoring points and mass fraction curves of components at point C
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Fig. 10 Temperature distribution of propellant at ignition time (/=79 409.5 s) under the heating rate of 7.2 K/h

0 200 400 600 800 1000 1200 1400 840 860 880
x/mm x/mm

BT 7E 10.8 K/h B R, 35 K] (=67 257.5 5) BOIREZ 14
Fig. 11 Temperature distribution of propellant at ignition time (=67 257.5 s) under the heating rate of 10.8 K/h
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Table 3 Ignition characteristic parameters at different heating rates
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7.2 22.06 528.10 496.82 (875~~887 mm, 145~150 mm) (882 mm, 148 mm)
10.8 18.68 530.64 508.77 (877~~890 mm, 146~ 150 mm) (884 mm, 148.5 mm)
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3 5 7 9 11
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Fig. 12 Ignition delay vaying with heating rate
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Numerical analysis of slow cook-off characteristics for solid rocket motor
with natural convection

YE Qing, YU Yonggang
(School of Energy and Power Engineering, Nanjing University of Science and Technology,
Nanjing 210094, Jiangsu, China)

Abstract: A two-dimensional axisymmetric model about slow cook-off of solid rocket motor was
established, where the process of slow cook-off for ammonium perchlorate/hydroxyl-terminated
polybutadiene (AP/HTPB) propellant described by a two-step global chemical reaction kinetics, and natural
convection of motor cavity was considered. The purpose of this paper is to study the thermal safety problems
of solid rocket motor with ammonium perchlorate/hydroxyl-terminated polybutadiene (AP/HTPB)
propellant. Numerical predictions of slow cook-off behavior for a motor were conducted at the heating rate s
of 3.6, 7.2 and 10.8 K/h, respectively. The results show that the natural convection in the cavity of the solid
rocket motor has a certain influence on the ignition temperature, ignition delay of the AP/HTPB propellant,
and cannot be ignored in the accurate analysis of thermal safety. At the three heating rates, the initial ignition
position of AP/HTPB propellants appeared in the annular region on the shoulder of the propellant. The
ignition delay period, the ignition temperature and the temperature of the shell at the three heating rates were
30.71, 20.06, 18.68 h; 526.52, 528.10, 530.64 K; and 479.56, 496.82, 508.77 K; respectively. With the
increase of heating rate, the response area of the cook-off is shifted to the junction between the propellant
and the insulation, and the two-dimensional section of the ignition position is changed from ellipse to semi-
ellipse.
Keywords: slow cook-off; solid rocket motor; AP/HTPB; heating rate
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