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Experimental Research on Isobaric Specific Heat Measurement

of Emulsified Kerosene at Supercritical Pressure

Specialty: Architecture and Civil Engineering
Name: He Yufeng

Instructor: Guo Yajun Associate Professor

ABSTRACT

The thermal management of hypersonic vehicles and their engines has become a
key issue in the research and development of aircraft and engines. Cooling of the
vehicle becomes more and more important because the aerodynamic heat load with the
flight of Maher number increase sharply increased so that the engine of local
temperature up to 4950K, which is far more than the limits of the available materials.

Regenerative active cooling is one of the effective methods in the present cooling
scheme. Isobaric specific heat as the important thermophysical parameters is essential
to implementation of internal rules based regeneration cooling needs to reveal fuel
flow and heat, which is necessary data to calculate other physical parameters and has a
certain reference value for improving the performance and design of kerosene
endothermic cooling. A calorimeter based on energy conservation theory was
constructed for on-line measurement of the isobaric specific heat capacity of
emulsified kerosene at temperatures covering from 301 to 900K and pressures up to
10MPa. The standard uncertainty is identified as 2.42% to 4.2%. The deionized water,
octane and the binary mixtures of n-octane and n-heptane with a mass ratio of 1:1 were
measured for the calibration of the measurement system.

The isobaric specific heat capacity of emulsified kerosene with water content
fraction of 10%-+ 20% . 30% and 50% were measured at the temperatures from 301 to
880K and the pressure of 3MPa. 4MPa and 5SMPa. The experimental results with RP-3
kerosene hydrocarbon fuel, EHF-01, pure water isobaric specific heat were compared,
and draw their under different working conditions of the heat capacity curve, and

analyzed the change characteristics of different water content of emulsified kerosene
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specific heat with temperature and pressure and water content, pressure and
temperature on emulsified kerosene the ratio of heat capacity at constant pressure. The
construction of the system creates conditions for further study of the emulsified

hydrocarbon fuel than the constant pressure heat capacity.

Key words: supercritical pressure; emulsified fuel; specific heat capacity; on-line

measurement
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B
Bf -8 1 BTk e IR AR I B 5 5 R R 2R
TIK Cpexp Cp,uit A 0 TIK Cp,exp Cp it A 0
kI +kg' K" | kI +kg' -K kI +kg'-K' | kI -kg' <K'
330.2 4.180 4.177 0.07 | 428.6 4315 4313 0.03
340.1 4.186 4.182 0.10 | 4385 4.337 4.343 -0.14
358.4 4.197 4.194 0.08 | 448.2 4381 4377 0.08
368.2 4.197 4.203 -0.14 | 4585 4.408 4.418 -0.21
378.6 4219 4215 0.09 | 468.2 4.493 4.462 0.68
388.4 4.246 4.229 041 | 4782 4.542 4.514 0.61
398.5 4.247 4.245 0.05 | 488.7 4.627 4.578 1.04
408.6 4.302 4.265 0.86 | 498.1 4.659 4.645 0.29
418.8 4.270 4.288 -0.41 | 508.4 3.515 3.541 -0.75
BREATE E w(T)=0.38K, u(p)=0.75MPa; ¥ JEAHIEE Ulp)=0.11kJ + kg + K
Bfs-3% 2 IE Ol bb e IR A I B 45 SR AR 22 R
TIK Coexp Cp,uit c 0 TIK Coexp Cp it c
kKl +kg' K" | kI *kg! -K" kKl +kg' - K' | K +kg' <K'
342.1 2.436 2.439 -0.11 | 491.2 3.793 3.758 0.92
356.4 2.492 2.508 -0.70 | 498.7 4.224 4.139 2.04
372.8 2.568 2.592 -0.92 | 506.8 8.217 8.123 1.16
385.4 2.663 2.657 024 | 508.8 27.305 27.843 | -1.93
3943 2.687 2.706 -0.68 | 520.1 4511 4.357 3.54
408.9 2.788 2.789 -0.02 | 529.1 3.831 3.738 251
420.1 2.831 2.857 -0.90 | 540.1 3.441 3.422 0.55
431.6 2917 2.937 -1.02 | 5585 3.217 3.237 -0.62
448.1 3.084 3.059 0.82 | 571.1 3.163 3.186 -0.74
457.8 3.167 3.145 0.70 | 585.2 3.159 3.156 0.10
471.2 3.305 3.311 -0.18 | 5912 3.154 3.157 -0.10
CBRAEASTE FE w(T)=0.38K, u(p)=0.75MPa; ¥ JEAHiEE Up)=0.12kJ « kg « K
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B 7e-2 3 AL L 8 TR AR B 45 SR AR i e R

p/MPa Cpexp Cp 1it ¢ 0 p/MPa Cpexp Cp,tit ¢ 0
kJ+kg! K | kI +kg! K kI +kg'+K' | kI +kg!' K"
T=323.2K T=423.2K
0.1 0.888 0.875 1.51 0.1 0.916 0.960 -4.58
0.6 0.963 0.902 6.84 0.6 0.874 0.971 -9.96
1.1 0.840 0.932 -9.85 1.1 1.016 0.982 3.45
1.6 0.941 0.965 -2.45 1.6 1.035 0.994 4.12
2.1 0.986 1.002 -1.52 2.1 0.996 1.006 -0.95
2.6 0.989 1.043 -5.21 2.6 0.983 1.018 -3.47
3.1 1.056 1.090 -3.12 3.1 1.002 1.031 -2.81
3.6 1.132 1.144 -1.02 3.6 1.029 1.044 -1.45
4.1 1.196 1.206 -0.84 4.1 1.076 1.058 1.73
4.6 1.294 1.278 1.26 4.6 1.125 1.072 4.89
5.1 1.363 1.364 -0.03 5.1 1.124 1.087 3.42
5.6 1.445 1.467 -1.47 5.6 1.096 1.102 -0.52
6.0 1.564 1.566 -0.14 6.0 1.100 1.114 -1.24

CFRAEARHE FE u(T)=0.38K, u(p)=0.75MPa; ™ EAHE E U(p)=0.68 ki « kg + K'!

P-4 AR 4 101 IE ¢ - IE B Ll e i A I B 45 SR AR R 22 3R

ﬂo ﬂﬂ
TIK Cpexp Cpit 5 % TIK Cpexp Cpuit . %
kJ+kg' K | kl <kg! <K kI kg'+K' | kI +kg!' K"

320.1 2.304 2.307 -0.1 465.4 2.952 2.957 -0.15
335.2 2.386 2.367 0.81 480.3 3.061 3.034 0.89
349.8 2.413 2.427 -0.57 495.1 3.094 3.116 -0.68
365.4 2.504 2.494 041 510.4 3.225 3.209 0.51
379.8 2.556 2.556 0.01 524.8 3.33 3.306 0.74
405.6 2.665 2.672 -0.25 540.6 3.442 3.431 0.34
420.5 2.733 2.74 -0.24 554.9 3.601 3.567 0.97
435.1 2.818 2.809 0.35 570.4 3.771 3.753 0.49
449.7 2.887 2.879 0.29 580.1 3.871 3.893 -0.55

CPRAEASTE FE w(T)=0.38K, u(p)=0.75MPa; ¥ JEAHiEE U(p)=0.06kJ « kg « K
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Bifi-2 5 /KA [a] () LA IE L 5 s 4 S Bl 2 E 3

T/K Cy/kl = kg'K! T/K Cy/kJ « kg'K! T/K Cy/kJ = kg'K!
P=3.0MPa 7K 10%
302.7 2.357 483.6 3.503 695.1 4213
316.9 2.457 505.8 11.233 710.4 4.333
330.7 2.566 528.5 3.763 732.9 4.739
345.2 2.625 553.1 3.952 750.7 4.791
370.1 2.689 576.9 4.063 770.3 4.868
390.5 2.768 595.6 4.128 782.1 5.037
405.2 2.815 606.3 6.157 798.9 5.360
421.6 2.892 625.8 4.064 831.3 5.460
440.2 3.192 650.7 3.969 857.1 5.587
465.9 3.316 672.1 3.863 879.1 5.669
P=4.0MPa TR 10%
302.8 2.364 468.7 3.411 666.8 4.173
3144 2.463 498.1 3.602 703.9 4.528
3283 2.567 522.7 16.590 724.1 4.850
357.2 2.653 543.4 3.579 762.6 4.950
372.1 2.701 573.2 4.101 797.9 5.408
406.3 2.821 603.3 4.291 829.7 6.108
429.5 2.930 623.6 4.491 853.9 6.912
451.4 3.248 646.9 5.245 879.1 8.368
P=5.0MPa K 10%
301.1 2.378 481.3 3.578 683.7 4.728
314.7 2.465 511.3 4.195 702.7 4.786
328.1 2.572 537.5 21.945 724.1 4.980
342.9 2.555 556.8 3.953 762.3 5.280
356.9 2.685 577.2 4.196 798.9 5.658
386.4 2.804 595.7 4.320 830.1 6.473
420.1 2916 613.8 4.495 854.1 7.963
437.4 3.165 633.6 4.525 877.6 9.272
456.1 3.343 656.1 4.628 879.2 9314
P=3.0MPa K 20%
301.5 2.581 506.5 12.612 686.5 4.355
322.7 2.644 520.4 4.065 710.2 4.511
3433 2.800 540.8 4.448 729.7 4.776
364.8 2.859 559.3 4.805 750.9 4.865
385.3 2.925 576.9 5.714 772.8 5.060
411.1 3.038 596.9 4.210 786.4 5.188
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430.8 3.232 615.4 4.199 800.1 5314
451.4 3.396 635.3 4.113 827.8 5.525
4713 3.584 655.7 4.067 854.6 5.661
487.2 3.819 672.6 4232 878.0 5.857

P=4.0MPa K 20%
301.5 2.597 521.4 18.383 725.8 4.897
325.7 2.728 540.2 4.554 742.1 4.940
348.8 2.902 562.7 4.618 760.8 5.093
381.5 3.001 588.2 5.049 779.7 5.346
401.8 3.152 605.7 4.446 800.6 5.532
422.9 3.308 628.9 4.388 822.8 6.232
452.0 3.460 659.9 4.435 853.7 7.129
4773 3.759 684.7 4.504 878.4 8.687
498.9 4.057 705.7 4.624

P=5.0MPa K 20%
302.3 2.601 522.7 4.751 697.6 4.854
326.4 2.759 537.6 23.524 725.3 5.017
347.4 2.954 554.4 4.612 759.8 5312
377.4 3.015 569.1 4.651 778.7 5.486
400.8 3.161 586.0 4.688 799.6 5715
423.8 3.359 607.8 4.709 821.8 6.697
448.0 3.487 638.1 4.721 852.7 8.198
472.6 3.798 659.8 4.781 878.6 9.584
496.1 4.125 682.6 4.814

P=3.0MPa K 30%
300.9 3.162 484.5 4.725 674.2 4302
3253 3.216 505.4 13.913 698.5 4.562
346.3 3.251 529.7 4.534 715.4 4.688
362.5 3.346 546.4 4.716 729.5 4.821
378.8 3.400 558.8 5.599 750.1 5.025
391.7 3.485 570.1 4.395 774.8 5217
409.1 3.515 596.2 4.282 799.9 5.487
425.9 3.568 615.4 4.208 826.8 5.676
445.6 3.766 630.2 4.199 855.6 5.812
465.9 4.143 650.6 4.241 875.9 6.065

P=4.0MPa K 30%
303.3 3.226 523.7 19.688 698.6 4.659
327.4 3.284 538.6 4.747 726.3 5.016
348.4 3.391 555.4 4.802 760.8 5.385
378.4 3.558 570.1 5.018 779.7 5.571
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401.8 3.668 587.0 4.513 800.6 6.188
424.8 3.807 608.8 4.487 822.8 7.026
449.0 4.023 639.1 4.408 853.7 7.685
473.6 4.261 660.8 4.457 878.6 8.986
497.1 4.990 683.6 4.584
P=5.0MPa K 30%
303.2 3.254 494.0 5.011 676.6 4913
326.5 3314 524.6 5.182 697.4 4.957
344.5 3.398 532.5 25.018 732.3 5.286
376.8 3.612 543.2 4.781 753.5 5.482
391.3 3.642 566.0 4.816 787.8 5.691
410.2 3.785 592.9 4.825 807.1 6.324
427.0 3.857 615.1 4.835 825.8 7.816
44722 4.102 634.9 4.852 858.2 8.328
469.5 4.265 660.5 4.879 879.1 9.849
P=3.0MPa K 50%
301.7 3.420 485.2 4.835 692.8 4.649
315.4 3.478 504.4 14.949 709.5 4.762
328.5 3.502 527.1 4.752 731.2 4971
346.3 3.545 551.3 5.397 749.7 5.208
379.1 3.599 574.1 4.459 776.6 5.421
391.7 3.646 590.5 4.349 800.3 5.548
409.1 3.705 604.6 4.265 815.2 5.678
423.8 3.899 625.6 4.169 830.4 5.795
445.7 4.200 655.2 4.325 854.1 6.066
466.1 4.268 674.4 4.468 877.7 6.302
P=4.0MPa K 50%
302.7 3.462 493.5 5.041 676.1 4.826
326.0 3.523 524.1 20.455 696.9 4.985
344.0 3.559 532.0 4.783 731.8 5.163
376.3 3.598 542.7 4.823 753.0 5.658
390.8 3.655 565.5 4.984 787.3 5.810
409.7 3.726 592.4 4.688 806.6 6.355
426.5 3.910 614.6 4.530 825.3 7.165
446.7 4.341 634.4 4.476 857.7 7.814
469.0 4.899 660.0 4.788 878.6 9.186
P=5.0MPa K 50%
302.3 3.464 482.5 4.981 684.9 5.158
315.9 3.485 512.5 5.124 703.9 5.384
329.3 3.538 538.7 26.875 725.3 5.498
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344.1 3.611 558.0 4.821 763.5 5.785
358.1 3.628 578.4 4.859 800.1 6.546
387.6 3.661 596.9 4.884 831.3 7.986
4213 3.924 615.0 4.924 855.3 8.647
438.6 4.353 634.8 4.935 878.8 10.176
457.3 4.458 657.3 4.986

CFRAEARHE FE uw(T)=0.38K, u(p)=0.75MPa; ™ EAHHEE U(p)=0.68 ki « kg + K'!
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