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Diagnostic Experiments in an Arc-Heated Channel Nozzle Flow *

Kiyomichi ISHIDA * 1, Yasuo WATANABE * 1, Takashi MATSUZAKI * 1
Takeshi ITO * 1, Toshio FUKUI * 2, Junsei NAGAI * 3

ABSTRACT

The 750kW arc-heated (or arc-jet) wind tunnel is equipped with a channel nozzle to evaluate flat plate
TPS materials. TPS material tests for HOPE-X design data have been made with this channel nozzle,
but the flow characteristics of the high enthalpy flow generated in the nozzle have not been well
investigated. Therefore, flow diagnostic experiments have been planned. Experimental items included
in the plan are emission spectroscopy, mass spectrometry, heat flux measurements, and thermom-
etry and direct surface observations of the test materials. A new calibration module was designed to
install the instrumentation necessary for the measurement of these items in the channel nozzle test
section. The conception of the experiments, design details of the module and main experimental
results are presented.

Keywords :arc-jet wind tunnel, TPS material test technique, spectroscopy ,heat transfer
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Fig.8 Arrangement of the observation ports and calorimeters on the CM-2 module
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Fig.12 Photographs of the CM-2 module in position
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Fig.14 UV spectrum of a free stream from a conical
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Fig.17 Comparison of the intensity distributions of the
preceding NO spectra at P1 and P3
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Table 1 Experimental results of heat flux and pressure on the modules
g (MW/cm? JE4  (kPa)
Run No. | CNCM1 CNCM2
#1 #2 #3 #4 #5 #1 #2 Port 1 Port 2 Port 3 Port4

724-1 0.383 0.347 0.331 0.335 0.315 0.338 0.357 1.27 1.05 1.11 1.15
-2 0.561 0.495 0.501 0.490 0.457 0.489 0.496 2.19 1.91 1.95 2.00
-3 0.254 0.248 0.228 0.223 0.225 0.232 0.254 0.95 0.75 0.83 0.85
725-1 0.247 0.243 0.218 0.220 0.221 0.224 0.209 0.91 0.71 0.72 0.79
-2 0.318 0.299 0.273 0.281 0.272 0.288 0.272 1.05 0.89 0.91 0.96
-3 0.387 0.354 0.332 0.342 0.322 0.339 0.310 1.21 1.03 1.04 1.09
-4 0.482 0.430 0.419 0.423 0.394 0.410 0.394 1.65 1.40 1.44 1.51
-5 0.568 0.506 0.509 0.499 0.468 0.466 0.469 2.15 1.85 1.91 1.96
726-1 0.271 0.270 0.249 0.245 0.248 0.262 0.264 1.43 1.27 1.29 1.20
-2 0.342 0.325 0.301 0.307 0.300 0.331 0.306 1.56 1.36 1.37 1.32
-3 0.415 0.378 0.361 0.372 0.350 0.380 0.356 1.65 1.43 1.40 1.37
-4 0.479 0.428 0.422 0.429 0.399 0.417 0.392 1.71 1.41 1.48 1.44
-5 0.509 0.444 0.442 0.452 0.415 0.430 0.421 1.75 1.47 1.51 1.48
727-1 0.251 0.255 0.228 0.229 0.233 0.240 0.238 1.08 0.89 0.95 0.92
-2 0.325 0.309 0.276 0.292 0.281 0.300 0.305 1.16 0.99 1.00 1.01
-3 0.392 0.354 0.331 0.349 0.323 0.338 0.334 1.24 1.01 1.04 1.04
-4 0.450 0.396 0.384 0.400 0.365 0.356 0.381 1.29 1.07 1.07 1.05
-5 0.503 0.427 0.424 0.446 0.396 0.387 0.408 1.36 1.13 1.15 1.12
-6 0.283 0.282 0.264 0.258 0.262 0.276 0.272 1.72 1.53 1.56 1.41
-7 0.354 0.349 0.326 0.321 0.325 0.339 0.337 1.88 1.64 1.68 1.56
-8 0.441 0.407 0.386 0.395 0.377 0.406 0.408 1.99 1.75 1.77 1.64
-9 0.519 0.465 0.455 0.463 0.429 0.446 0.463 2.11 1.84 1.87 1.79
-10 0.578 0.515 0.515 0.514 0.478 0.472 0.490 2.16 1.84 1.87 1.81
730-1 0.242 0.237 0.214 0.216 0.218 0.233 0.198 1.01 0.87 0.91 0.92
-2 0.388 0.350 0.327 0.342 0.322 0.351 0.301 1.37 1.17 1.20 1.23
-3 0.508 0.430 0.425 0.445 0.400 0.401 0.390 1.43 1.20 1.25 1.31
-4 0.250 0.244 0.224 0.223 0.225 0.234 0.195 1.07 0.91 0.88 0.96
-5 0.399 0.358 0.337 0.352 0.330 0.355 0.295 1.36 1.16 1.19 1.24
-6 0.514 0.434 0.436 0.455 0.405 0.400 0.378 1.47 1.25 1.25 1.31
734-1 0.293 0.290 0.268 0.284 0.284 0.243 0.236 1.23 1.05 1.07 1.23
-2 0.483 0.435 0.419 0.460 0.431 0.384 0.366 1.69 1.48 1.49 1.73
-3 0.630 0.526 0.550 0.613 0.552 0.442 0.469 1.79 1.55 1.59 1.87

-4 0.306 0.300 0.279 0.293 0.295 0.254 0.241

-5 0.496 0.440 0.428 0.468 0.437 0.390 0.381

-6 0.630 0.532 0.555 0.614 0.556 0.437 0.477
737-1 0.247 0.240 0.221 0.220 0.221 0.89 0.73 0.76 0.76
-2 0.257 0.252 0.232 0.229 0.231 1.08 0.92 0.93 0.87
-3 0.336 0.326 0.303 0.299 0.298 1.19 1.00 1.01 0.99
-4 0.387 0.375 0.345 0.343 0.343 1.25 1.01 1.07 1.04
-5 0.444 0.404 0.378 0.390 0.372 1.31 1.09 1.12 1.09
-6 0.516 0.440 0.432 0.454 0.407 1.32 1.11 1.13 1.12
-7 0.563 0.527 0.499 0.492 0.482 2.20 1.87 1.92 1.81
-8 0.530 0.474 0.460 0.464 0.440 1.75 1.48 1.51 1.45
-9 0.484 0.464 0.435 0.426 0.425 1.73 1.47 1.49 1.41
-10 0.437 0.424 0.404 0.386 0.390 1.65 1.40 1.43 1.35
-11 0.376 0.364 0.347 0.332 0.335 1.57 1.32 1.37 1.28
-12 0.301 0.291 0.275 0.265 0.267 1.44 1.28 1.29 1.17
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Table 2 Test conditions of Arc-heated wind tunnel

Run HA 7= 7= ATl WE=R | 7—Ik—%| TV% WHIK WHK | 7—k—%
No. BiiTA B B BN £ M IE— iR TR 7 IES
(g/9) (V) kw) (Pa) (kPa) M]J/kg) | (m3/h) (C) (%)
724-1 12.0 507.4 737.0 3739 78.6 64.8 16.2 16.37 2.62 52.0
" -2 20.0 709.0 948.1 672.0 137.0 108.6 17.9 16.64 4.51 53.2
n -3 10.0 298.7 773.3 230.9 60.8 52.5 12.8 16.66 1.50 55.0
725-1 10.0 304.5 762.6 232.1 60.3 51.2 13.3 16.24 1.51 56.0
n -2 11.0 401.8 752.5 302.3 68.9 58.0 14.9 16.35 2.02 54.0
n -3 12.0 500.8 751.3 376.2 774 64.5 16.1 16.66 2.64 51.0
n -4 16.1 608.5 862.3 524.6 106.4 86.4 17.6 16.59 3.50 54.0
” -5 20.1 708.7 967.6 685.6 137.6 108.6 18.7 16.78 4.43 54.6
726-1 16.1 302.1 1048.0 316.5 98.3 774 12.1 16.30 1.78 62.0
" -2 16.0 403.1 975.2 393.1 101.6 81.0 14.3 16.39 2.39 58.3
n -3 16.0 505.1 9174 463.3 104.5 84.4 15.7 16.48 30.8 54.1
n -4 16.0 604.8 868.9 525.0 106.5 86.7 17.0 16.52 3.66 51.8
” -5 16.1 707.0 803.9 568.0 107.1 87.8 174 16.66 4.16 49.1
727-1 12.1 299.5 840.6 252.0 734 60.3 114 16.67 1.64 55.0
n -2 12.1 403.7 798.4 322.3 76.5 63.4 13.1 16.71 2.34 49.0
n -3 12.0 505.2 745.4 376.5 78.3 65.7 14.9 16.77 2.81 48.0
n -4 12.1 602.4 716.7 431.7 79.7 67.2 16.2 16.82 3.39 45.1
n -5 12.0 706.7 681.6 481.7 80.7 69.1 17.1 16.86 3.93 42.2
" -6 20.0 304.4 1152.8 351.0 124.0 93.8 10.6 16.78 2.00 59.8
n -7 20.1 406.7 1094.9 445.0 129.4 99.1 12.5 17.11 2.66 56.9
n -8 20.0 506.5 1062.1 538.0 133.1 103.5 144 16.88 3.58 52.9
” -9 20.0 600.5 1013.1 608.0 135.9 107.0 15.7 17.03 4.14 514
7 -10 20.0 704.5 957.9 675.0 137.9 109.5 17.0 17.11 4.69 50.3
730-1 10.0 304.0 719.0 218.8 59.6 51.6 12.3 16.32 1.40 56.0
" -2 11.9 506.0 739.8 374.2 76.7 64.9 15.6 16.46 2.71 50.0
n -3 12.0 701.0 686.0 480.2 79.5 68.7 174 16.51 3.92 43.5
n -4 10.1 301.3 732.6 220.7 60.4 51.8 11.8 16.71 1.42 55.0
n -5 12.1 518.1 743.0 385.0 77.2 65.9 16.3 16.75 2.68 52.0
" -6 12.0 707.0 687.0 485.4 79.7 68.6 17.8 16.75 3.87 44.0
734-1 10.0 303.0 711.1 215.5 75.1 51.1 12.8 16.34 1.27 60.0
n -2 12.0 501.0 746.0 373.5 111.0 64.8 16.1 16.43 2.67 51.0
n -3 11.9 702.0 684.1 479.9 1184 67.8 18.2 16.56 3.81 44.3
n -4 10.1 302.0 729.1 220.5 76.5 51.8 12.1 16.67 1.45 54.0
” -5 12.0 502.7 756.7 380.3 111.9 65.3 17.1 16.66 2.52 54.0
" -6 12.0 705.0 687.0 485.0 118.5 68.0 18.6 16.67 3.78 45.0
737-1 10.1 308.2 717.9 221.2 59.0 514 13.2 16.10 1.31 60.0
" -2 12.1 304.0 813.9 247.6 70.7 59.5 124 16.16 1.46 60.0
n -3 12.0 401.0 793.0 317.8 73.8 63.1 15.0 16.17 2.03 57.0
n -4 12.0 501.9 753.3 378.0 75.5 65.3 16.8 16.18 2.61 53.0
n -5 12.1 604.0 720.6 435.1 76.8 67.0 18.3 16.24 3.15 50.7
" -6 12.1 704.0 688.8 485.0 78.2 68.5 20.1 16.29 3.55 50.0
n -7 20.0 704.0 964.2 679.0 136.2 109.0 19.1 16.36 442 55.3
n -8 16.0 707.4 816.9 577.8 105.4 88.4 19.0 16.51 3.99 524
” -9 16.0 600.4 870.1 522.3 104.5 87.0 18.1 16.69 345 54.3
7 -10 16.0 502.0 921.0 462.0 103.2 84.6 16.5 16.66 2.86 56.9
n-11 16.0 401.3 990.8 397.6 100.9 814 14.7 16.68 2.34 58.7
n-12 16.1 279.3 1075.8 300.6 97.3 77.9 10.9 16.82 1.81 58.0
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Fig.37 Real time observation of a sample tile surface during a heating test
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