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Viscosity Measurement of Aviation Kerosene RP-3 Using a

Double-Capillary Viscometer with Equal Mass Flow
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(State Key Laboratory of Multiphase Flow in Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To measure the viscosity of the aviation kerosene RP-3, this paper proposed a new flow
meter based on the double-capillary viscometer with the comparison calculation and the
centrifugal effect due to coiling of the capillary being considered to revise the pressure drop of
tested capillary. This calculation was applied to the measurement of viscosities of aviation
kerosene at supercritical pressures up to 10 MPa and temperatures from 306. 6 K to 673. 5 K. The
viscosity of the tested fluid is deduced through the measured relationship of the pressure drop
between the upstream and downstream capillaries and the thermal expansion of the downstream
capillary. The relative standard uncertainty of dynamic viscosity measurement is identified as
1.16%-2. 92% within this paper’s measuring range of temperatures. The n-dodecane and the
binary mixtures of n-octane and n-heptane with a mass ratio of 1:1 were tested. The results
showed a relative deviation within =+ 2.18% and an absolute average relative deviation below
0.74%. The viscosity of aviation kerosene RP-3 was measured on the basis of the calibration

experiments at the pressures of 3, 4 and 5 MPa and the temperatures from 306. 6 K to 673.5 K.
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The method can be further extended for a larger temperature measurement range of the dynamic

viscosity of aviation kerosene under supercritical pressures.

Keywords: two-capillary; dynamic viscosity; aviation kerosene RP-3
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333.1 851.9 850. 0 0. 22
343. 3 744. 2 750. 6 —0.85
353. 3 673.6 668. 6 0.75
363. 2 607.5 600. 0 1. 24
373.3 546.7 542.0 0. 86
383.2 490. 2 492. 4 —0.46
393.2 447.2 449.5 —0.52
403. 2 411.2 412.1 —0.23
413. 2 378.5 379. 2 —0.18
423. 2 350. 8 349.9 0. 25
433. 2 327.7 323.8 1. 19
443. 4 297. 4 300. 3 —0.96
453.1 282.2 279. 1 1. 14
463. 2 260. 4 259.7 0.28
473. 2 244.0 242.0 0. 84
483. 1 225.0 225.7 —0.33
493. 2 207. 6 210.7 —1.47
503. 2 196. 4 196. 8 —0.19
513.1 184. 6 183.8 0.42
523.2 172.2 171. 7 0.29
533.1 160. 8 160. 4 0. 27
543.2 148.9 149. 8 —0. 60
553.2 137.5 139. 8 —1.66
563. 2 129.7 130. 4 —0.51
573.2 120. 1 121.5 —1.17
583.3 112.6 113.1 —0. 38
593.2 103. 1 105. 1 —1.92
603. 2 97.4 97.5 —0.08
613.2 91.3 90. 3 1.12
623. 1 83.9 83.5 0.43
633. 2 76.7 77.1 —0.51
643. 1 69. 4 70.9 —2.18
653. 2 65.7 65. 2 0. 80
663. 2 60. 5 59.7 1.43
673.2 55.1 54. 6 1.02
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T/K 7. /pPass T/K p,/pPacs T/K g, /pPa<s

315.1 813.2 309.0 915.8 306. 6 963. 1
324. 8 712.1 315.6 833.4 314.5 850. 2
333.7 636. 1 326. 4 720.1 323.9 740.7
344. 2 563. 4 336. 6 633. 6 333.9 651. 1
354.3 506. 0 345. 4 573. 4 343.5 582. 6
364. 2 457. 6 354.8 518.5 353.6 522.0
373.8 416.7 365.1 467.5 363.5 471.6
384. 2 378.0 374.3 427.6 373.6 428.1
393.9 346. 7 383. 8 391.0 383.5 390.9
404. 2 317.2 394. 2 356. 3 394. 1 356. 5
414.°3 292.0 404.0 327.6 403.7 329.3
424.1 269. 6 414.1 301. 2 414.1 303. 2
434. 2 248.7 424. 2 277.6 424.3 279.6
444.1 230. 1 434.0 257.3 434. 1 259.4
454. 4 212.4 444.3 237.5 444.0 240. 7
464. 3 196. 9 453.7 221.0 453. 8 223.5
474. 2 182. 4 463. 8 204. 8 464. 0 207. 2
483. 6 169. 9 474.0 189. 3 473.9 192.5
493. 8 156. 9 483. 5 176. 2 483.5 179.7
503.0 147. 2 493.7 163. 0 493.5 167. 4
514.3 134.7 503. 6 151.2 502.7 158.1
524.5 125.1 513.2 138.7 513.4 145.9
534.4 115.5 523.2 129.1 523.7 136. 4
544.5 106. 5 533.1 119. 2 533.7 126. 6
554. 9 98.0 543. 8 109. 1 543.9 117.1
564. 8 90.7 553. 8 101. 2 553.7 108. 6
574. 8 83.6 563.8 93.9 563.9 100. 5
584.7 74.6 573.6 86. 8 573.8 93.4
595.0 69. 3 583. 4 77.9 583.5 87. 4
605. 1 64.5 593. 8 71.8 593. 8 81.6
615. 2 58.7 603. 3 67.6 603. 8 76.2
625.5 52.9 614.0 61.7 613.9 71.1
635.5 46. 3 623.7 56. 6 623.6 65. 3
646. 2 32.2 633.8 50. 6 634.0 59.7
654. 3 25.2 643. 7 44. 8 643. 8 55.0
664. 0 21.6 653.5 36. 6 654. 0 51.3
673. 4 20.7 663. 5 33.6 664.0 47.2

673.5 28.6 673. 4 42.5

http: / www. jdxb. cn

http: // zkxb. xjtu. edu. cn

WEN A 4 FToR . S5 R R, W E S Sk E
Xif L o B R AH X i 2% 4 9. 98 %6 o AH Xof i 2% 48 X% - 1y
HoH 2.24%, {AJ&, iR E KT 550 K J&, Mt A
5 SR AF T i 2 326 W 1 R . 3ol X R B 4 11 2
Ji PR s+ D SCHR A A 2 000 L A B A7 A R 25, SOk
LB 22 T I R O 25 B R, i AR SO A Sk
AL B0 22 0 A e e e 25 K 5 B A T 1 T o
I3 B B 204 R R /N » 5 B80HR 8 R XA 25 T v 5 D
FE G S 5 BRI T T v 2 R A k) e R
Bt 22 TR /0N S AR /N 0 3 R X TR P 28 R R
R A5 Ak, 5 B30 5 2 2 80 s DA FRIE J2
I8l 5 (Re<<1 500) F . Dean $3 k ,  i Bz 42 i
B R 3G O B0 R 2E RN, AR R
FIFAFT i 2 0 ol 9 3h B8 kR A R T R E

I,

16 1 1 1 1
300 400 500 600 700

T/K
B3 fpizs Sl RP-3 2l 3 o i £k

12.51
= 3 MPa
10.00 o 4MPa .
7.5F A 5MPa
"
5.0p----=---mmmmm e A------- ‘-:---
A ApA
S e N
T8 L) A A
& 0Omyeats 200 4
"<~\1 -2.5F bl TP 00‘0.
| by _'_'..._._._ _______
*
-7.5¢ . ¢
N L
-10.0F .
_12'5 1 1 1 ]
300 400 500 600 700

1/K

P4 fyrzs S RP-3 30y 26 58 0 B -5 SCHk(E Y fhi 22

6 4t B

AR BB TS R, m sl
JE T MR 1 TR IE ¥ b OF Bk LIRS
Yo &G BED, 3 0E 1O R n A SE R R A 2R
0 L b I 1 By KA X i 25 16 2. 18 Y0 AN 4
Xof e 2 246 X5 S BE /N T 0. 74 % . 7R MG IERE B X R
J1K 3.4.5 MPa, Jii i 2 306. 6~673. 5 K T 1l as
B RP-3 1y 3h J7 3 B A7 0 4, O 5 SCEk(E e ik
FF%F L S5 R AH X 22 R 9. 98 Yo o AH X i 22 4 Xk SF-




%3

R LS SR PO AR A 4 i s 0 A S A RP-3 #4930 ) 53

PIE N 2. 2400 %7 1 09 B AT g i — 25 4 i L
T A0 6 R T A ) ik YL RV R B i AR A

2 & Ok

(1]

[2]

[3]

(4]

[6]

[7]

(8]

[9]

(10]

[11]

FRY R S. A century of ramjet propulsion technology
evolution [ J]. Journal of Propulsion and Power, 2004,
20(1) . 27-58.

ZHONG Fengquan, FAN Xuejun, YU Gong, et al.
Heat transfer of aviation kerosene at supercritical con-
dition [J]. Journal of Thermophysics and Heat Trans-
fer, 2009, 23(3): 543-550.

EDWARDS T. Cracking and deposition behavior of
supercritical hydrocarbon aviation fuels [J]. Combus-
tion Science and Technology, 2006, 178(1/2/3): 307-
334.

HOU Lingyu, DONG Ning, SUN Dapeng.
transfer and thermal cracking behavior of hydrocarbon
fuel [JJ. Fuel, 2013, 103. 1132-1137.

LIU Zhaohui, BI Qincheng, GUO Yong, et al. Hy-

Heat

draulic and thermal effects of coke deposition during
pyrolysis of hydrocarbon fuel in a mini-channel []J].
Energy & Fuels, 2012, 26(6); 3672-3679

BERG R F. Quartz capillary flow meter for gases [J].
Review of Scientific Instruments, 2004, 75(3): 772-
779.

BERG R F. Simple flow meter and viscometer of high
accuracy for gases [J]. Metrologia, 2005, 42(1); 11-
23.

MAY E F. Transport properties of argon at zero den-
sity from viscosity-ratio measurements [ ]J]. Metrolo-
gia, 2006, 43(3); 247-258

MAY E F, MOLDOVER M R, BERG R F, et al.
Reference viscosities of H,, CH,, Ar, and Xe at low
densities [ J]. International Journal of Thermophysics.,
2007, 28(4) . 1085-1110.

ZHANG Jintao, LIN H, CHE J. Effects of connecting
tubing on a two-capillary viscometer [ J]. Metrologia,
2013, 50(4): 377-384.

MiArad, S, EE, % WEBHMEXRAI SR
JEI B 7 (D). P2 Sl R Ao AR, 2015, 49(7) .
37-41.

YANG Zhugiang, FENG Song, PAN Hui, et al. Vis-
cosity measurement of hydrocarbons using a two-capil-

lary viscometer [ J]. Journal of Xi’an Jiaotong Univer-

http: / www. jdxb. cn

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

http: // zkxb. xjtu. edu. cn

sity, 2015, 49(7); 37-41.

YANG Zhuqgiang, LIU Zhaohui, BI Qincheng, et al.
Viscosity measurements of hydrocarbon fuel at temper-
atures from (303.2 to 513.2) K and pressures up to
5.1 MPa using a two-capillary viscometer [J]. Ther-
mochimica Acta, 2015, 617(10) . 1-7.

LIU Zhaohui, TRUSLER J P M, BI Qincheng. Vis-
cosities of liquid cyclohexane and decane at tempera-
tures between (303 and 598) K and pressures up to 4
MPa measured in a dual-capillary viscometer [ ]].
Journal of Chemical & Engineering Data, 2015, 60
(8): 363-2370.

KIM C S. Thermophysical properties of stainless
steels [M]. Tllinois, USA: Argonne National Labora-
tory, 1975. 1-24.

DENG H W, ZHANG C B, XV G Q, et al. Viscosity
measurements of endothermic hydrocarbon fuel from
(298 to 788) K under supercritical pressure conditions
[J]. Journal of Chemical &. Engineering Data, 2012,
57(2) . 358-365.

DENG Hongwu, ZHANG Chunben, XU Guoqiang, et
al. Visualization experiments of a specific fuel flow
through quartz-glass tubes under both sub-and super-
critical conditions [ J]. Chinese Journal of Aeronau-
tics, 2012, 25(3): 372-380.

KNAPSATAD B. Viscosity of three binary hydrocar-
bon mixtures [J]. Journal of Chemical & Engineering
Data, 1991, 36. 84-88.

DYMOND J H, YOUNG K ]J. Transport properties of
nonelectrolyte liquid mixtures; I Viscosity coeffi-
cients for n-alkane mixtures at saturation pressure
from 283 to 378 K [J]. International Journal of Ther-
mophysics, 1980, 1(4). 331-344.

CAUDWELL D R. Viscosity measurements on dense
fluid mixtures [D]. London, UK: Imperial College,
2004 . 25-27.

LYUSTERNIK V E, ZHDANOV A G. Physical con-
stants and properties of substances [ M ]. Moscow,
Russia: Standards Publishing, 1973, 214-225.

DENG H W, ZHANG C B, XV G Q. et al. Density
measurements of endothermic hydrocarbon fuel at sub-
and supercritical conditions [J]. Journal of Chemical

&. Engineering Data, 2011, 56(6): 2980-2986.
(Gt w5




