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Investigation of Turbulent Flow Effect in Segmented Arc Heater
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Jeong-Il Lee*, Kyu-Hong Kim** and Chongam Kim**

ABSTRACT

Flows in segmented arc-heaters have been calculated for prediction of experimental
operating condition or for analysis and design of arc-heater itself. Some researchers
succeeded in calculating accurately inner flows of a arc-heater, but could not made
mathematical models which satisfy various operating conditions for many arc-heaters.
this study is forced on turbulence for the generality of mathematical model. Instead of
algebraic turbulence models which are frequently used for calculating inner flow of
arc-heater, two equation turbulent models are used. Prediction results agree well with
experiment data and it was confirmed that k.—e two equation turbulence model is
appropriate for a flow in an arc heater throughout extensive numerical testing.
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Table 1. Comparison of the calculated results for Arnold Engineering Development Center data

Operating Method Constrictor Voltage Mass-averaged Enthalpy Constrictor Presgure Arc—heater Efficienc)
Condition \'A orror, % 10" J/kg error, % atm error, % % error, %
Experiment 2120 1.626 26.2 32.4
Case1 =591 A ke model 2096 1.1 1.721 5.8 26.1 0.4 31.9 1.5
m=0.0249 kg/s kw model 1842 13.1 1.503 7.6 23.4 10.7 22,9 29.3
kw—sst model 1676 20.9 1.633 0.4 21.2 19.1 19.6 39.5
Experiment 3300 1,387 53.7 38.5
Case2 =575 A ke model 3101 6.0 1.401 1.0 52.7 1.9 37.4 2.9
m=0.0536 kg/s kw mode! 2643 19.9 1.239 10.7 46.6 13.2 27.9 27.5
kw—sst model 2374 28.1 1.307 5.8 41.7 223 23.4 39.2
Experiment 3300 1.239 53.2 43.0
Case3 =475 A ke madel 3205 29 1.277 31 52.3 1.7 40.4 6.0
m=0.0544 kg/s kw model 2695 18.3 1.140 8.0 46.3 13.0 30.9 28.1
kw—sst model 2412 26.9 1.192 3.8 42.0 21.0 26.2 39.1
Experiment 3360 1.067 51.0 471
Cased =370 A ke model 3291 24 1.147 7.5 50.8 0.4 453 3.8
m=0.0549 kg/s kw model 2767 17.6 1.021 4.3 451 11.6 34.2 27.4
kw—sst model 2450 271 1.071 0.4 40.6 20.4 26.2 44.4
Experiment 3544 1.369 64.0 34.9
Caseb 1=682 A ke model 3460 2.4 1.427 4.2 62.2 2.8 33.8 3.7
m=0.0617 kg/s kw model 2958 16.5 1.274 6.9 55.6 131 25.6 26.6
kw—sst model 2498 29.5 1.355 1.0 49.5 22.7 22,7 35.0
Experiment 4465 1.226 84.4 42.6
Case6 =561 A ke model 4352 2.5 1.182 3.6 82.1 2.7 36.7 13.8
m=0.0871 kg/s kw model 3744 16.1 1.070 12.7 73.1 13.4 27.7 35.0
kw—-sst model 3203 28.3 1.1 9.4 64.8 23.2 23.8 441
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