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FINVT 225 F 347 173~273 KIRJE {9 2 ns 1o
PRk, FRAF A HR AR R SE R E R, (A ALY
HARM IR A XA B B S 2E AT 1000 ps
NPT R 25 NI RS ib &, FFEFT NPT RHINVT
REBA, FENPTREZET, BLHLEF A 1000 ps,
BHAE KA 1 fs, 43 1000 A4 H— K 5T 1938 Sh L
i, %P SR F Nosé Hoover s, X R F1Hs IR
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Table 1 Test results of carbon number distribution in kerosene

AL MR/ Yo ER/ % 519/ %
<Cs 0.002 0.001 0.001

G G Gy 0 0 0

Co 0.098 0.015 0.083

Cy 8.664 1.811 6.853

Cp 41.356 1.145 40.211

Cis 47.479 0 47.479

Cu 2.390 0.002 2.388

Cis. Cys 0 0 0

Cyy 0.001 0 0.001
>Cg 0 0 0

>Cy 0 0 0
x2 KM FIHFER GG FRINER LG
Table 2 Molecule number and proportion of kerosene molecular dynamic model

I3 T Bl AR IR Hr Eds

Ry iis L et/ % HH R BREL Hetsl/ %
2- EEZELE (C 1 Hay) 15 6.8 Cy 514y 6.8
T BE (CHyg) 6 2.1 C, IEH 1.1
2- HIHE—PE (CiuHy) 82 40.4 C, 514 40.2
2-HFHEA T BE(C3Hy) 86 46.8 Cis 544 47.5
1,4,5- <HHEZR (C3H,,) 8 3.9 TR 3.9
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Fig. 1 Temperature and energy curve of kerosene system at 273 K
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Table 3 Segmented density value and standard deviation at 273 K

FEHUART ] / ps Oy BB/ (g/em?) bR 22 R T34 / (g/om?®)

300~400 0.777 494

400~500 0.777 542

500~600 0.777 275

600~700 0.776 619 0.000 532 0.776 995

700~800 0.776 029

800~900 0.776 954

900~1 000 0.777 013
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Fig. 2 Density curve of kerosene system versus temperature
from 173 to 223 K

(Mean Square Displacement, MSD). 7 4 7 14 7 15 7Y
Hr, 2- B e 2- R — e SRR th 2 LT
MR DT, A B IR R PO MSD
SRS RERR, PICE T oA A A
Sr A 1 BT RS R AR
MSD:Qﬂg—fmﬁ> )

K, 7o) AT RUOLE R 2N E ;s 7(0) TR
OTERI RIS 2B s () S (R B N GE P21
Einstein ¥ HUE FER A T X757 R Fng 5 2R 1)
XF, B
ngﬂg—fmf>=6Dt 3)
A, DRIV EERE, ecm¥s, BE A RN TIT
PPEAG SRR 5S , BHCR BOUR A 58 B IR B AUA
SRS A R B AH AR 0T, T L SR A AR AR R Y vk
Mo MIHERE] (- o i, WM RRERETY 6
B R >,

MR R VKRR, R RN T INiE )
S B, R RS TR RE s S 2
BN, SEWECRBCREAS N B ER - IR
JE MR R e A S B = TR R ks, AP HL
PR AR, JREB o ik B B BRI GA A 5 ) 2]
AR R, WEISKRE, BEP B 2 o 8 =5
HIZE A, (HOR BRI AR e [ 22,

3 FIRNVT R L5 T B AR R AR b ) 2- HE
Tk 2- I —hEAE 173 ~223 KRB X 8] P Y 2
Jrfi e -Bf R 2, & 37 LR Bl A IR A
AW, ULBR B RAS, ArFRIE R AiE Bl 2 2
FHATF AR, 4006 BN IR SR 3 7 (4% - Bif [R) 56 3R
M2 RlR, MAEYBERE-RECR ML (K 4), kb



otz Sl pR s R BRI 3 Bl ) 2

497

HIREE WAL, 2- F 36T b 2- - —Be i i ik
FBDIYTE 208 KA B, YW 73 1 HES1E
BT, B R T R EEEIG T 2-
IR b 2- R — b K ik ke iz 3, A AL
MrTizsia T o, WERPRSTBETRE, &5
W AR R BB SR, T LA
T IR TR AE 208 KFHT, M R A vk i 7
198 K B o

22 RZE5HEBRINE ARSI T

12 0] 4341 PR AL g(r)(radial distribution function, RDF)
KRR S R A r b R BN I — DR IR,

s — 173K
— 178K
— 183K
20 + — 188K
N — 193K
‘%\ v —— 198K
R o5 L .M{ —— 203K
= o —— 208 K
= i — 213K
ET S ——218K
M —— 223K
A
5 F M ol (e
i
7 ~ A‘,..a‘i’if-’ Y, e ROPARXTFICTRER
It - W
e
0 1 1 1 1 1 1 1 1 1 1 ]
0 50 100 150 200 250 300 350 400 450 500 550
B [8l/ps
(a) 2-FEF ity B - E X R ik
B3 HFAH - BEX R
Fig.3 Mean squared displacements curves versus time
8.8
8.6
84
= 82t
&
E 80
o~
Q L
> 7.8
o
76
74
72
70 1 1 1 1 1 1 1 1 1 1 1 1 ]
165 170 175 180 185 190 195 200 205 210 215 220 225 230

B El/K
(@) 2-FE+T _RNT HREF-REXREHL

4 FHEY-BEXREE

Fig. 4 Diffusion coefficient versus temperature
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TINFEAFR G FIRIRA LM 250 R 8L, 7 2R 5
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PERT R G YRR SE, Gaussian 751 2 :
(R?)=6(R,") @
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Table 4 Accumulation position and RDF value of 2—-methyldodecane, 2—Methylundecane and 1,4,5—trimethylnaphthalene

i 2- FJEA-— 2- R — 1,4,5- =FLZE

/K 5 " \ - ‘ "
A=A RDF i i/ A RDF 318 i/ A RDF ${&

198 111 26.24 1.11 29.71 1.09 3233

203 1.11 26.04 111 29.46 1.09 319.1

208 111 25.84 1.11 29.34 1.09 319.8
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Fig. 7 Experimental and simulated viscosity of aviation

kerosene versus temperature
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Table 5 Contrast between simulated and experimental value at 298 K

Sl n/mPa-s n(R,)/mPa-s N(R,) 5 SRR ZE /(%)
n-Cy 0.849 0.152 82.09

n-Cyg 3.080 0.874 71.62

F6 248 ~303 KiREXREHNDFHESHM n(R,) EHME

Table 6 Molecular dynamics parameters and #(R,) simulation value from 248 to 303 K

TR /K R /(g/em®) [958 /A P HLR B/ (cm?/s) JEEJR L& /(g/mol) FHEE n(R,)/mPa-s
303 0.753 25 43127 0.069 280 x 10~ 0.461 44

298 0.757 62 43205 0.058 681 x 107 0.540 85

293 0.760 44 4.299 8 0.051 867 x 10™* 0.598 10

288 0.763 21 43116 0.047 699 x 10™* 0.645 12

283 0.769 15 43301 0.044 332 x10™* 0.699 63

278 0.773 06 4.2897 0.042 567 x 10™* 184 0.699 63

273 0.777 03 43093 0.031 466 x 10™* 0.942 78

268 0.781 26 4.299 1 0.028 458 x 10™* 1.024 04

263 0.784 47 43212 0.023 675 x10™* 1.225 44

258 0.788 71 4.309 6 0.020 572 x 10™* 1.383 49

253 0.792 52 43127 0.018 719 x 10™* 1.500 29

248 0.796 47 4.308 7 0.015241 x10™* 1.811 88
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Molecular dynamics simulation of freezing point and viscosity-tempera-
ture relationship of aviation kerosene

CHEN Xuejiao, HOU Lei, LI Shiyao

National Engineering Laboratory for Pipeline Safety/ MOE Key Laboratory of Petroleum Engineering /Beijing Key Laboratory
of Urban Oil and Gas Distribution Technology, China University of Petroleum-Beijing, Beijing 102249, China

Abstract Freezing point and viscosity-temperature relationship are important quality indexes for evaluating low temperature
fluidity of aviation kerosene. A kerosene model composing of 5 alkane molecules was established based on a carbon number
distribution, carbon/hydrogen mass ratio and aromatic hydrocarbons/saturated hydrocarbons mass ratio. The kerosene model was
studied by molecular dynamics simulation. Freezing point was predicted according to the sudden change of density-temperature
and diffusion coefficient-temperature curves and the simulated freezing point is consistent with the experimental value. The radial
distribution function was simulated to analyze the microstructure of kerosene modelled at temperatures close to freezing point.
The results showed that aggregation between like molecules was the main reason that influenced the freezing point. Aromatic
hydrocarbons had greater influence than saturated hydrocarbons on the freezing point. The Rouse Model was employed to study
the viscosity-temperature relationship of the kerosene model. The simulated viscosity index was identical to test data, showing
good agreement between simulated and experimental viscosity changes with temperature.
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