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Behaviors of sound velocity in high pressure Ar, CO, and CO,-Ar gases under

super critical state
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Abstract: Sound velocities were measured in Ar, CO, and CO,-Ar gases under super critical region. For Ar, the
transition curve was obtained from velocity analysis between 333 to 473 K. This curve was discussed relating
with the critical point of argon. For CO,, the transition curve was obtained from velocity analysis between 300 to
350 K. For sound velocities in CO,-Ar, the transition curves were obtained and discussed. For CO,-Ar, the phase
separation was observed by optical method at temperature between 295 to 299 K under the critical temperature,

and at pressure up to 9.3 MPa over the critical pressure of CO,.
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3.1 Ar OFRBIE

Ar DE#H % 45~100 MPa (ZBWTIRE 2 R SEHIE Uiz, BT 2 5 EELA D T/h S0

Table 1 Sound velocities u in Ar measured for each pressures p between 44 to 100 MPa as a function of

temperature T.

p(MPa) =100.1 90.0 80.3 69.9
T,K u, m/s T,K u, m/s T,K u, m/s T,K u, m/s
3144 727.28 303.0 698.99 299.8 658.59 300.3 617.40
350.3 707.67 332.8 681.18 326.4 643.92 306.6 613.61
368.4 700.56 350.8 673.36 342.6 637.56 327.4 603.99
389.0 694.42 365.3 668.51 363.6 631.46 343.8 598.84
410.6 689.89 379.2 664.88 378.4 628.67 361.1 595.30
425.0 687.83 393.5 662.26 397.0 627.90 370.0 594.05
443.8 686.08 406.5 660.13 401.0 627.51 377.8 593.33
454.3 685.70 4222 658.63 408.6 626.85 390.6 592.58
465.2 685.35 433.8 657.85 416.1 626.54 400.8 593.38
475.9 685.39 4449 657.51 424.5 626.34 413.5 593.53
487.9 685.64 457.6 657.55 433.7 626.35 426.7 594.25
498.5 686.10 469.1 658.06 442.0 626.55 438.3 595.12
510.1 686.71 481.5 658.59 452.0 627.04 448.3 596.13
522.1 687.54 493.9 659.43 464.5 627.73 458.4 597.40
533.6 688.53 506.0 660.56 473.9 628.77 469.9 599.12
550.0 690.26 521.6 662.33 480.1 628.90 483.0 601.05
570.4 692.60 538.5 664.54 507.9 632.55 491.7 602.53
* continued
p(MPa) =589 54.0 49.1 44.1

T,K u, m/s T,K u, m/s T,K u, m/s T,K u, m/s
302.5 565.73 302.4 543.76 303.3 520.24 301.9 493.21
322.8 558.24 323.2 537.00 323.1 514.47 309.0 491.79
332.3 555.82 3322 535.01 3334 512.92 323.3 490.36
342.6 553.99 342.0 533.53 342.6 512.42 332.9 489.88
353.2 552.57 348.1 532.96 352.9 512.22 342.9 490.51
362.3 551.82 353.1 532.47 361.2 512.40 353.0 491.05
373.1 551.35 361.6 532.20 374.6 513.24 361.8 492.12
382.2 551.41 373.6 532.23 382.9 514.06 375.1 493.85
392.7 551.51 382.5 532.56 392.1 515.16 383.1 495.25
402.9 552.49 393.2 533.31 401.3 516.34 392.4 496.89
4214 554.01 402.6 534.26 401.8 498.71
437.1 556.31 411.8 535.50
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Fig. 1. Sound velocities in Ar at pressures between 44

to 100 MPa for as a function of temperature.
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Fig.2. Detail of the change of velocity for temperature in Ar at pressures of 44, 59, 100 MPa,

respectively,

Table 2 Relation of p-T given by
minimum value of sound velocity u for

temperature change.

p T u
MPa m/s
100.1 473.1 685.2
90.3 455.4 657.5
80.4 430.5 626.5
69.9 399.5 592.9
58.9 383.3 551.0
54.0 370.2 532.1
49.1 3553 512.3
441 333.6 490.4
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Table 3 Sound velocities u of CO, at each pressures p between 7.5 to 50.0 MPa as a function of temperature T.

p(MPa)

=175

8.0

9.0

10.0

12.5

15.0

50.0

T
K

u
m/s

T
K

u
m/s

T
K

u
m/s

T
K

u
m/s

T
K

u
m/s

T
K

u
m/s

T
K

u
m/s

288.8
291.7
294.5
296.6
298.4
299.7
308.7
3154
318.0
322.2

421.9
387.9
345.5
299.8
205.6
192.5
205.4
222.6
219.6
221.7

288.8
291.4
293.7
296.3
299.7
301.5
304.3
307.9
309.7
313.4
318.0
320.1
3323

429.5
395.6
362.8
317.9
238.2
200.9
199.2
201.3
206.1
218.2
218.8
219.7
232.0

294.3
297.1
300.2
302.0
303.5
306.4
309.7
313.1
315.7
318.5
320.6
326.1
330.5
3354
341.2
345.6

385.9
350.5
3254
281.8
244.1
217.3
216.2
215.9
220.1
221.9
226.9
233.1
241.5
244.7
244.8
248.5

288.8
298.6
304.0
308.7
314.4
320.1
325.0
329.7
335.7
340.4
344.8
350.1
356.1
362.1

488.3
383.2
324.5
258.7
233.3
231.8
234.5
237.3
241.3
245.5
251.0
255.9
256.5
256.9

291.9
296.8
302.0
306.4
311.3
313.9
316.5
3193
321.9
324.5
327.6
330.2
3323
334.7
342.5
351.1

498.0
453.7
4104
370.3
328.9
304.7
288.4
273.7
264.6
260.0
256.8
253.4
252.6
252.7
254.6
260.1

294.2
298.4
304.0
308.4
313.6
318.0
321.1
324.0
328.7
332.6
336.7
3394
342.8
347.2
351.1
355.6
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491.5
451.6
423.6
380.1
355.4
335.5
321.6
302.4
289.8
285.4
276.5
276.5
275.0
276.0
275.8
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348.4
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Fig 4. Sound velocities in CO, at each

pressure as a function of temperature.
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Table 4 The temperature T obtained from

the minimum value of velocity in CO, at

each pressure p.

p
MPa

7.5

8.0
9.0
10.0
12.5
15.0
50.0

299.7
304.3
313.1
317.1
334.2
349.0




3.3 CO,-Ar BESADERAIE

Fli % D COpxAr 1A H AIZOWT, 10~50 MPa DENICEBWT, JEN—ED b & ITIRE 22 L &4,
THARE L, BEEEZT, HEREZ Table 5 1277, 2.5%Ar IZOWT, IRE EF L L ICHH
NS L 725 T D, 10~15 MPa TidmiRE CHEHOIK TEHIG /NS <720, 15MPa TiX 350K 1272
L EFFRUMEICEL, FEENEE L TS,

LTSRS X 512 Z OB IS EEICBWTH O, 5%Ar T, E B & & 6105l

Table 5 Sound velocities win CO,-Ar for several mixtures measured on each pressures between 10 to 50 MPa as

a function of temperature T.

2.5 5 7 10 13 20 40 50
T u T u T u T u T u T u T u T u

K m/s K m/s K m/s K m/s K m/s K m/s K m/s K m/s
1) 10 MPa
299.1 385.0 | 308.7 253.7 | 302.8 271.9 | 303.3 223.7 | 301.2 208.7
3069 276.0 | 313.1 2234 | 307.7 226.1 | 3082 209.4 | 303.2 211.0
3115 2502 | 317.8 211.8 | 310.0 2182 | 3134 2148 | 307.6 2185
3144 2309 | 324.0 2183 | 313.1 217.5 | 319.1 2223 | 3182 2429
317.0 2244 | 330.0 2254 | 3185 2222|3235 227.7 | 313.6 260.0
3362 2299 | 334.1 236.0 | 3433 2473

2) 12.5 MPa
2984 4578 | 3074 361.6 | 301.7 3685 | 303.5 327.6 | 302.5 2674 | 300.6 2363
3077 3790 | 3149 3113 | 3100 3088 | 3134 269.1 | 308.1 251.8 | 312.5 2428
312,01 3467 | 3232 2672 | 3204 2577 | 3180 2552 | 313.3 2505 | 3234  250.1
3157 3171 | 3282 2539 | 3237 2525 | 3237 250.0 | 319.5 252.1 | 333.1 257.8
3217 2772 | 3326 2503 | 329.7 249.7 | 3339 249.5 | 3239 254.1 | 3440 264.7
3250 2661 | 345.1 2484 | 3349 2512 | 3428 2540 | 334.6 256.0
329.5 2574 | 353.0 249.0 | 3564 2639 | 353.7 257.1 | 3542 2659
3) 15 MPa
297.6 5257 | 3033 478.0 | 3022 425.6 | 3004 410.6 | 296.5 3752 | 2945 295.0 | 298.6 264.9
312.8 4045 | 3183 362.0 | 312.6 357.8 | 313.6 332.8 | 313.8 290.7 | 303.5 2784 | 308.6 268.8
3243 3318 | 3232 3333|3227 3072 | 3185 3114 | 3195 2817 | 3125 2726 | 3133 2712
3289 3105 | 3289 307.1 | 3284 2900 | 323.5 2943 | 3234 2787 | 3234 2728 | 3237 2768
3344 2951 | 332.1 294.0 | 3334 2823 | 3341 2833 | 333.8 2763 | 332.8 2732 | 3344 2825
339.9 2840 | 344.1 2833 | 3464 2744 | 3438 282.5 | 3438 279.5 | 3448 274.6 | 3448 2887
3532 2737 | 3543 281.1 | 356.1 274.8 | 3564 2769 | 3540 284.1 | 3639 2824 | 3537 291.0

4) 30 MPa
299.9 6593 | 302.8  624.5 | 3007 609.0 | 302.8 593.0 | 299.6 5632 296.8  430.6 | 297.3 4349
3038 6430 | 3144 5759 | 3154 5478 | 313.1 539.8 | 313.3 5097 3152 4004 | 3143 41438
3159 5808 | 326.1 5347 | 3250 5129 | 324.0 5024 | 3234 4756 3243 3902 | 3232 408.1
3243 5481 | 3334 5069 | 3334 4764 | 3339 4713 | 3341 4482 3344 3818 | 333.8 4008
3323 517.0 | 343.0 470.8 | 343.8 4479 | 343.0 4484 | 3435 4269 3543 3739 | 3432 3967
3443 4683 | 353.0 448.1 3532 4251 | 3542 409.6 3824 3733 | 3532 3947
5) 50 MPa

298.6 8144 | 302.8 7858 | 3012 7654 | 3012 7502 | 2957 7404 2968 6128 | 2950 593.7
3134 763.1 | 3157 7413 | 317.5 7122 | 313.6 7045 | 314.6 6822 3033 598.6 | 313.6 568.6
3256 719.6 | 324.0 706.0 | 3269 6833 | 323.7 6739 | 3242  650.5 3235 560.5 | 3232 5524
3344 685.7 | 346.7 640.3 | 3347 6599 | 3433 621.6 | 343.5 5977 3443 5307 | 343.8 5278
3456 6529 | 3574  614.6 | 3459 6315 | 3545 5947 | 3540 574.6 3743 5101 | 3537 5186
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Fig.5. Sound velocities in CO,-Ar mixtures for each Ar concentrations as a function of temperature.

Table 6 Temperatures 7' (K) obtained from the minimum value of velocity in CO,-Ar mixtures having

concentration x between 2.5 to 50%Ar, at each pressure p.

p x , A%
MPa 2.5 5 7 10 13 20 40 50
10 319.2 311.7 308.2 301.2
12.5 344.8 329.6 328.3 314.1
15 352.2 349.2 347.6 337.9 335.8 332.4
30 364.4 357.3
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Fig.6. Temperatures obtained from the
minimum value of velocity in CO,-Ar at

each pressure.
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Table 7 Temperature T and pressure p of the phase

separetion in CO,-Ar mixture having 5, 9 and 13

percent Ar concentration x obtained by optical
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310 Table 8 The pressure p and
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g é 193 phase separation curve in Fig.7 for
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2
g 300+ - « D T
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2905I6'I7él910 13 8.4 294.6
Pressure p (MPa)
Fig.7. Pressure and temperature

diagram of phase separation in CO,-Ar

obtained by optical method.
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