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A Study on Ablation Behavior of Graphite Nozzle using
Liquid Rocket Engine

Nam Choon Cho* - Hee Ho Park** - Young Tag Keum***

ABSTRACT

Ablation phenomena is very complicated because it includes momentum, energy and mass
transfer, chemical reactions as well as phase change. In this paper, ablation at the rocket
nozzle throat is modeled as unsteady one dimensional axi-symmetric with proper boundary
conditions and field equation is solved numerically. Analytical results are compared with
measured ablation data from firing experimental liquid rocket engine. Test variables are
combustion pressure and mixture ratio. For low combustion pressure and low mixture rétio,
the discrepancy between analysis and experiments are large but for the normal rocket

operation range, two results show a simliar trend with maximum discrepancy of 100 %.
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Table 1 Design Requirements and Design Values of 35kgr
Uni~element Liquid Rocket Engine

Propellants Oxidizer LOX
Fuel Kerosene
Type Double Swirl
. Oxidizer 2.5mm
. Orifice Diameter —
Injector Fuel 4.3mm
Oxidizer 70.5g/s
Mass Flow Rate Fuel 295875
Chamber Dia.*Length £0*200mm
EHA. 15 Degree
Nozzle CHA 30 Degree
(Conical) Throat Dia. 10.5mm
Exit Diameter 24.55mm
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Fig. 1 Erosion vs. chamber pressure
during 9sec at off=22
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Fig. 2 Erosion vs. off ratio during 9 sec
at 500psi.

42 433

Fig. 3 Typical mass flow rate of
fuel and oxygen
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Table 2 Results of analysis and experiments

ATE ag A0 (mm)

[]
ws ¥Ry =3 | a5 | 2}
1 423 2.074 0.040 0.10051 0.59
2 432 2.087 0.049 0.17251 0.71
3 447 2.08 0.432 0.1845| 1.34
4 472 2.1 0.485 0.2385| 1.03
5 473.5 2.2 0.451 0.23251 0.94
6 474 2.19 0.513 0.3105| 0.65
7 477.8 2.2 0.480 0.2295| 1.09
8 480.4 2.188 0.476 0.216 1.2
9 484 .4 2.5 0.545 0.3165| 0.72
10 484.1 2.275 0.420 0.3855| 0.08
11 498.6 1.58 0.053 0.0105| 4.07
12 496.5 2.5 0.617 0.3525| 0.75
13 497.3 2.14 0.418 0.222 | 0.88
14 500 1.72 0.047 0.033 | 0.44
15 503.2 1.648 0.053 0.0185| 1.76
16 504.1 1.6 0.053 0.012 | 3.46
17 513 2.15 0.805 0.365 | 0.67
18 517.9 2.22 0.685 0.45 0.52
19 526.8 2.29 0.609 0.36 0.69
20 533 2.2 0.507 0.309 | 0.64
21 539.34 1.71 0.043 0.0405| 0.07
22 545 2.25 0.915 0.4545¢ 1.07
23 566 1.6 0.059 0.0225] 1.6
24 721 2.5 1.512 1.329 | 0.13
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