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Prediction for Slag Mass Accumulation in the Kick Motor

Je-sun Jang* - Byung-Hun Kim* - In-Hyun Cho*

ABSTRACT

Accumulated slag mass was predicted to estimate accurate performance of kick motor (KM) system.
The validation of numerical analysis was performed with mass flow rate measured at the 4th ground
test of the KM. The study described here includes the internal flow field of KM at various time steps
during burning. Slag mass accumulation was analyzed through the aluminum oxide particle paths to
predict slag mass deposition. Numerical analysis to solve both flow field and droplet accumulation
was performed with Fluent 6.3 program. Analysing the effects of the acceleration, starting position

and diameters of the aluminum oxide particles, total slag mass accumulation was obtained.
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Fig. 1 Computer modeling for KM ground test

Fig. 3 Thrust comparison of prediction with test
result for GT #4
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Table 1. Comparison of mass flow rate

Time | Pressure Mass flow rate
Case
(sec) | (bar) (kg/sec)
Equilibrium | 15.10(-23.04%)
=EE Atuk | 17.78(-9.39%)
=EE v} +
54 | 37.049 T A 18.28(-6.83%)
Equilibrium
Ref. 19.62
(= sl 4[4)) ’

Fig. 4 Temperature contour of combustion test and
analysis for GT #4
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Fig. 5 Schematic of analysis and boundary condition

Table 2. Materials of combustion gas

fim Press.| Temp. Axial Cp Thermal Viscosity
e ba) | (K acc. 0/keK) Cond. (kg/m=)
(sec) 8 (W-m-K)

12 |71.122|3467.13 | 5.0882 | 3641.7 | 1.1351 | 9.993e-5
33 |52.523|3440.74 | 5.8690 | 3797.4 | 12024 | 9.940e-5
45 |47.753|3432.26 | 7.2632 | 3849.2 | 1.2245 | 9.923e-5
48 145.281|3427.49 | 75016 | 3878.6 | 1.2371 | 9.913e-5
51 |41.818|3420.31 | 7.55% | 3923.6 | 1.2561 | 9.899%-5
54 |37.049|3409.27 | 7.5127 | 3993.9 | 1.2853 | 9.877e-5
57 |31.701|3394.87 | 7.0844 | 4087.8 | 1.3247 | 9.848e-5
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Table 4. Average droplet size of alumina "*‘ﬂ’“'w{_w‘_?‘\
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AxN | KM YR | dass ;: ]ZZ; B WJLT.T:?‘} -
(sec) | &2 (bar) | (mm/sec) =Dl sl om|e¢;I
m) | W SRS R S S
12 71122 74709 141.0945 Fig. 12 Schematic of analysis and boundary
24 57.7376 6.9714 151.2039 . .
condition for slag accumulation
33 52.5232 6.7558 156.0294
45 47.7538 6.5457 161.0380
48 45.2811 6.4312 163.9050
51 41.8188 6.2636 168.2898
54 37.0495 6.0169 175.1921
57 31.7008 5.7135 184.4955
59 0.2508 1.1463 919.510

Table 5. Mass flow rate of alumina

AL | dAaVts Al, Oy large drop
A1 A Axg | ALO, AT
(sec) | (kg/sec) (kg/sec) (kg/sec)
12 30.6556 9.2665 2.3166
24 27.2460 8.2359 2.0589
33 22.6964 6.8606 1.7151
45 20.6493 6.2412 1.5603
48 19.5877 5.9180 1.4795
51 18.1026 5.4663 1.3666
54 16.0589 4.8454 1.2113
57 13.7583 4.1464 1.0366
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