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Abstract: In order to solve the problem of the density measurement at high temperature
and high pressure (HTHP), particularly in a supercritical state, a density measurement
method at HTHP was designed and a density prediction method based on least square sup-
port vector machine (LSSVM) was proposed. This experimental method was used to meas-
ure the density at different (T, p) points firstly. Then, by learning from the experimental
data, the density prediction model based on LSSVM (DP-LSSVM) could be established, and
the continuous density values in T-p plane could be predicted by DP-LLSSVM, especially in
supercritical region where the density was difficult to measure by experimental means. Hexa-
methyldisiloxane was taken for example. By using the proposed method, the density function
on T (600—850K) and p (1.3—2.25MPa) was obtained, and density in this area could be
calculated. By comparing the calculation results with the published data, it is found that the

relative error is only 2. 4%, the effectiveness of the method is proved.
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A T B DLR R R TR, R A p/MPa T/K o/ (kg/m®) S/ %
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HE % IR E%

Fz2 ZMRXZFE(p=50.18kg/m’)

Bl St Table 2 Experimental measurements of density
Fig.1 Experimental devices (p=50. 18kg/m")
LU R R o= - ) | 2 »/MPa T/K 0,/ (kg/m®) 8/ %
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(300000 1) g, F I Fi BELAR A/ Sy i 45 8, JF i 1.5 655. 67 48.92 2.53
B el IR AN T I AR B TR ) A AR R AN B 1.6 682. 84 49. 40 1.57
HARE AR B, A5 B SE {1084 mL. 1.7 724. 66 48. 47 3.41
1.3 XWRERIH 1.8 752. 87 48. 90 2.56
MM &0 8 2 A AL T 5T, i T LA & i = 1.9 779. 83 49. 41 1.55
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T ) Table 3 Experimental measurements of density
A3 R 1 AR NI 52,5, 54.4,58. 4, (p=53.87kg/m*)
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x1 FTEHSZHEN(p=48.43kg/m’) 1.6 655. 82 52.51 2.53
Table 1 Experimental measurements of density 1.7 687. 27 52.25 3.01
(p=48. 43ke/m’) 1.8 722. 99 51. 66 4.10
p/MPa T/K o/ (kg/m®) &/ %% 1.9 757.75 51. 30 4.78
1.3 599. 39 48.16 0.57 2.0 790. 64 51.18 4.99

1.4 632. 25 47.95 0.99 2.1 820. 83 51.32 4.75
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F4 TWNIXEE (p=59. 78kg/m’)
Table 4 Experimental measurements of density

(p=59.78kg/m*)

»/MPa T/K o/ (kg/m®) &/ %
1.1 499. 84 59. 07 1.19
1.2 521. 9 58. 69 1.82
1.3 544. 41 58.55 2.06
1.4 568. 41 58. 29 2. 49
1.5 594. 19 57. 89 3.16
1.6 616.63 58. 26 2.54
1.7 647.99 57.29 4.16
1.8 675. 64 57.08 4.51
1.9 702. 64 57. 04 4.58
2.0 726. 69 57. 38 4.01
2.1 751. 33 57.65 3. 56

R5 LEARKZE(p=65.68kg/m*)
Table S Experimental measurements of density

(p=65. 68 kg/m*)

p/MPa T/K o/ (kg/m*) 8/ %
1.1 487.72 65. 11 0. 87
1.2 505. 62 65. 46 0. 34
1.3 520. 25 66. 62 —1.43
1.4 541. 32 65.71 —0.04
1.5 562. 88 65.12 0. 86
1.6 584. 89 64.72 1. 47
1.7 607. 21 64. 46 1. 86
1.8 630. 52 64. 16 2.32
1.9 656. 59 63.53 3.28
2.0 682. 57 63.09 3. 95
2.1 699. 52 64.03 2.52
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Table 6 Lagrange multiplier of DP-LSSVM model

a~20 1~10 1~60 1~80 081~100 a01~120 Q121~137
412.7 —165.9 —118.8 —148.7 —3223.0 —228.1 —123.6
312. 4 —246.9 —226.6 —223.4 —303.0 —277. 4 —43.68
259.0 —377.2 —251.1 —109.4 48.0 —358.5 11. 6
15.9 —445. 2 —297.1 —205. 6 108. 8 —153.4 —61. 3
—0.7 —3898. 1 —305. 5 —158.7 134.6 —627.6 10.9
—98.0 —286. 6 —138.2 85.7 167. 8 —447.9 28.4
—164. 2 283.1 —232.2 115. 4 166. 5 —565. 4 118.9
—147. 4 259.9 —129.1 213.4 173.0 —393.9 124.7
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120 @10 @150 @150 a1~ 100 at01~120 az1~137
—46.5 316. 2 —209. 310. 2 215. 8 755.3 —57.4
—110. 4 154.6 —213. 388.7 114.7 625. 6 —65.0
—17.5 110. 6 —298. 356.7 —189.3 590. 8 262. 2
—3.8 82.0 —467. 383.2 78.2 499. 5 314. 1
—97.6 119.0 —199. 472.0 177.0 75.2 215. 8
—208.0 19.6 —399. 568. 5 173. 9 —333.2 156. 6
—159. 6 —351. —441. 742. 6 100. 8 —244 80. 3
—183.9 190 —269. 780. 3 97.8 —119.4 88.7
—92.7 334.8 —250. 787.6 81.8 —37.4 125.7
—65.4 232 —106. 855. 6 —63.2 —15.9

—82.3 74.6 —197. 964. 0 —181.4 24.8

113.3 —43.9 —195. —672.2 —294.1 3.9

% 7 DP-LSSVM H# K= EHMl ( T=600K)

Table 7 Prediction results of DP-LSSVM (T=600K)

£ 9 DP-LSSVM HEH K ZEMN(T=700K)
Table 9 Prediction results of DP-LSSVM (T=700K)

p/MPa o./(kg/m*)  p,/(kg/m*) 8/ %
1.3 47. 81 48. 07 0.55
1.4 53.32 52.39 1.78
1.5 58. 36 56. 82 2.72
1.6 62.92 61.37 2.53
1.7 66. 96 66. 05 1. 38
1.8 70. 41 70. 87 0.65
1.9 73.16 75.84 3.53

%= 8 DP-LSSVM F # #9% E il ( T=650K)

Table 8 Prediction results of DP-LSSVM ( T=650K)

p/MPa o/ (kg/m*) p,/(kg/m®) &/ %
1.3 41.63 42.37 1.74
1.4 46. 23 45.95 0.63
1.5 50. 71 49. 57 2.29
1.6 55.05 53. 26 3. 37
1.7 59. 20 56.99 3. 86
1.8 63.02 60. 79 3. 67
1.9 66. 33 64. 65 2. 60
2.0 68. 87 68. 57 0. 45
2.1 70. 44 72.55 2.91

p/MPa o/ (kg/m*)  p,/(kg/m*) &/ %%
1.3 38. 36 38. 24 0. 31
1.4 41. 57 41. 36 0.52
1.5 45.02 44. 50 1. 16
1.6 48.73 47.68 2.20
1.7 52.63 50. 88 3. 44
1.8 56. 54 54.10 4.51
1.9 60. 19 57.36 4. 94
2.0 63. 25 60. 65 4. 30
2.1 65.43 63.96 2.29
2.2 66. 52 67.31 1. 18
& 10 DP-LSSVM iR $ i) % FE il ( T="750 K)
Table 10  Prediction results of DP-LSSVM ( T=750K)
p/MPa o/ (kg/m*) p,/(kg/m®) &/ %%
1.3 36. 24 35.03 3.43
1.4 37.91 37.83 0.22
1.5 40. 16 40. 64 1. 16
1.6 43.07 43. 46 0. 90
1.7 46. 56 46. 30 0.57
1.8 50. 42 49.15 2.58
1.9 54. 30 52.01 4. 40
2.0 57. 81 54. 90 5.31
2.1 60. 57 57.79 4. 81
2.2 62. 33 60. 70 2.67
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% 11 DP-LSSVM iR # i) & FE Uil
(T=800K)
Table 11 Prediction results of DP-LSSVM
(T=800K)

p/MPa o/ (kg/m*)  p,/(kg/m®) )
1.75 41. 97 43. 95 4.51
1. 85 45. 84 46.53 1. 48
1. 95 49. 81 49.12 1. 41
2.05 53.43 51.72 3.32
2.15 56. 33 54. 32 3. 70
2.25 58. 26 56.93 2. 34

£ 12 DP-LSSVM & #1142 B Fil

(T=850K)
Table 12 Prediction results of DP-LSSVM
(T=850K)
p/MPa o/ (kg/m*)  p,/(kg/m®) 8/ %
2.00 44.32 46.78 5. 26
2.05 46. 22 47.96 3.63
2.10 48. 00 49.15 2. 34
2.15 49. 62 50. 34 1.43
2. 20 51. 04 51.53 0.94
2.25 52.25 52.72 0.88

MW 7T~ 12 ZE 2 ME 3 TLUEH . MM
() DP-LSSVM & % 11 151 0 &5 2 %% g BRAR, °F- 3
FHXT IR 2225 2. 4%, I 5 DX 38 P9 1) i K i 25
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20l ® 7=700K
| e =800 K

W (kg/m*)

‘)5_ 1 1 1 1 1 1 L 1 L L L
12 14 16 18 20 22 24
4% 1R F1/MPa
Wl 2 % A T (A
(T=600,700,800K)

Fig. 2 Prediction result
(T=600, 700, 800K)

50 o 7=650K .
70 a7=750K
s = T=850K

W (kg/m?)

I

30 1 1 1 1 1
1.2 14 16 18 20 22 24

2530) 1 F1/MPa
B3 B AMTIE(T=650,750,850K)
Fig. 3 Prediction result (T=650, 750, 850K)
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