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ABSTRACT

The burning rate estimation method of solid propellants, based on closed bomb tests, has been
introduced. The composition of the combustion gas is determined by using CEA and the
Noble-Abel equation of state for high pressure operation conditions. Covolume taking into
account the collision among molecules due to the actual volume of the molecule is modeled by
L] potential. A cubic form function is applied to calculate the volume change of propellant grains
during combustion. The estimated burning rates of five different grain configuation at high
pressure are fairly compared with BRLCB results within the maximum error of 6%.
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Nomenclature

: Burning rate constant
: Covolume
: Second virial coefficient

: Average second virial coefficient of

bimolecule

: Thrid virial coefficient

: Average Thrid virial coefficient of

single molecule

: Burn distance

: Fraction of burn distance

: Propellant impetus from experiment
: Form function coefficients

: Boltzmann constant

: Mass of gas

: Mass of propellant

: Molecular weight

: Regression rate exponent

: Avogadro’s number

: Chamber pressure

: Maximum chamber pressure
: Intermolecular distance

: Burning rate

: Gas constant

: Time

: Temperature

: Specific volume

: Chamber volume

: Propellant volume

: Initial propellant volume

: Species mole fraction

: Burnt volume fraction

: Depth of the potential well
: Dipole moment

: Propellant density

: Minimum distance at which inter-

particle potential energy is zero

: Lennard-jones potential

: Loading density
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Table 1. Lennard-Jones potential parameter.
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Gas omm) | €/kp(K) | p[debye]
Co, 0.407 205 0
N, 0.370 95 0
co 0.376 100 0
H, 0.293 37 0
NO 0.317 131 0
0, 0.358 118 0
CH, 0.382 148 0
HCl 0.336 328 1.08
NH, 0315 358 1.47
H,0 0.252 775 1.85
CH,CN | 0402 400 35
N,O 0.385 229 0

(¢) Sheet

(d) 7-hole tubc

Fig. 1 Propellant grain configuration
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Table 2. Propellant composition.

Case Name Formula
NC1260 Chiooo 7519 Ono1 Vaas1
NG C3H; Oy Ny
1 NQ CH,O,N,
EC Ci7H,,ON,
KS K50,
NC1260 Choo0H7519 Ooo1 Moz
DEGDN CH O,
2 AKAR2 Gy, ON,
KS K50,
C C
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Table 3. Covolume of propellant case 1.

Burnt web fraction

190 02 0.4 0.6 038 1.0
Covolume, b(cc/g) 0.5 (@) Cylinder
A(g/cc) | BLAKE | This study | Error(%) 0.6
0.4}
0.10 1.080 1.016 593 02l ° Geomfe:fical analysis
Form function
0.15 1.060 1.002 5.47 ;:gi(b)Tube ‘ ‘ ‘ ‘
0.20 1.038 0.986 5.01 - 06)
0.25 1.014 0.968 4.54 E g: O Geometrical analysis
0.30 0.990 0.947 4.34 g 10 ‘ ‘ — Form fumction
Second virial coefficient, B(cc) g 0.8} (©) Sheet
E 0.6
A(g/cc) | BLAKE | This study | Error(%) @ o4
©  Geometrical analysis
0.10 26.12 24.25 7.15 ?-é I Form function
0.15 26.11 24.26 7.09 0.5 @ Thole tube ' ‘
0.20 26.10 24.26 7.07 0.6
0.25 26.09 24.24 7.07 g: 0 Geometrical analysis
’ Form function
0.30 26.09 24.23 7.15 035 03 0 0% 05 0
Third virial coefficient, C(cm) Burnt web fraction
A(g/cc) | BLAKE | This study | Error(%) Fig. 2 Comparison between the form function and
0.10 557 548.17 1.59 geometrical analysis.
0.15 557 547.98 1.61
0.20 556 54872 149 Table 5. Test specification.
0.25 556 547.43 1.54 Test Propellant Propellant
0.30 556 547.13 1.59 component shape
1 Case 1 7-hole tube
Table 4. Covolume of propellant case 2. 2 Case 2 7-hole tube
3 Case 1 Cylinder
Covolume, b(cc/g) 4 Case 1 Tube
A(g/cc) | BLAKE | This study | Error(%) 5 Case 1 Sheet
0.1 1.070 1.043 2.52
0.2 1.028 1.010 1.75
03 0981 0.969 1 ALk B9 & vlwet ATt Fig. 2+ Webe] ¥3}
: : ' : o & A4 A B&e vl 4 F3
S d virial tficient, B| N = .
econd virial coefficien .(cc) A @arol 3] Aes A AR wol
A(g/cc) | BLAKE | This study | Error(%)
0.1 25.82 24.86 3.70
0.2 25.80 24.86 3.66 4 GIAST EIA
0.3 25.78 24.82 3.71
Third virial coefﬁcient, C(Ci’l’lé) olji‘é?fx;_ _E_é;]% }1\:].60:]/%] O] E%]'Q %/q _T'__(ﬂ'
A@/c) | BLAKE | This study | Error(%) G 2575%°] TIrNA SFRTH14]. Fig. 3
01 540 57175 588 & dasE BA W s Yeigit. o
0.2 539 | 57115 5.96 %5 AMe 98 Y FAe CBT 9d
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Fig. 3 Flow chart for burning rate analysis program.
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Table 6. Analysis result of test 1.

Error(%)
Program a n
a n
BRLCB 0.2694 | 0.7414 - -
This study
(with BLAKE) 0.2864 | 0.7332 | 6.33 | 1.10
This study 0.2644 | 0.7488 | 1.86 | 1.00

Table 7. Analysis results of other tests.

(@) Test 2
Error(%)
Program a n
a n
BRLCB 0.1143 | 0.9212 - -
This study
(with BLAKE) 0.1098 | 0.9242 | 3.99 | 0.33
This study 0.1093 | 0.9254 | 4.45 | 0.46
(b) Test 3
Error(%)
Program a n
a n
BRLCB 0.4368 | 0.6295 - -
This study
4512 | 0.617 . 1.91
(with BLAKE) 0.45 0.6175 | 3.30 9
This study 0.4419 | 0.6224 | 1.18 | 1.14
(c) Test 4
Error(%)
Program a n
a n
BRLCB 0.5564 | 0.5528 - -
This study
(with BLAKE) 0.5673 | 0.5435 | 1.97 | 1.68
This study 0.5542 | 0.5493 | 0.39 | 0.65
(d) Test 5
Error(%)
Program a n
a n
BRLCB 0.5132 | 0.5864 - -
This study
(with BLAKE) 0.5177 | 0.5883 | 0.88 | 0.33
This study 0.5050 | 0.5944 | 1.60 | 1.37
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Fig. 4 Comparison of burning rate of test 1.
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Fig. 5 Comparison of burning rate.
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