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Fig. 1. Schematic diagram of the CO molecular system (the

KBk 2L ek oy AL C,

gray and red spheres represent C and O atoms, respect-
ively).
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Fig. 2. Potential energy of CO-CO under different configurations: (a) Types I;, I,, and I5; (b) types A, A,, and Ag; (c) types Zq, Zo,

and Zs; (d) types T; and Ts; (e) types Hy, Hy, and X.
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Table 1. Fitting coefficients of the potential function corresponding to the typical configurations of CO-CO.
ARl a b ¢ d e f
1,7 2 0 0 1.765%107 0 0
I% 3.66 0 0 3.188x107 0 0
I, 1.41 0 0 1.228x107 0 0
AR 0.48 -0.641 1.025 0.51x10° —-0.695x10* 0
A A 0.64 0.846 1.354 0.674x10° -0.919x10* 0
AT 0.37 -0.432 0.691 0.343x10° ~0.468x10* 0
7,7 0.8675 -0.553 0.629 2.15x10° —6.688x10° 51.29
7,5 0.913 0.674 0.785 3.12x10° —7.341x10° 62.32
737! 0.878 -0.576 0.701 2.98x10° -6.89x10° 58.31
T % 1.653 -1.986 2.99 1.785% 106 —-3.642x10° 196.8
T 5 3.715 2.34 3.54 1.987x10° —4.031x10° 2134
H A& 1.23 -3.86 7.87 2134 12 0.42
H, % 1.27 -3.98 7.98 2053.4 -6 10.76
XH 1.395 -4.21 8.09 12310 —-321.58 13.32
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ted potential, and the values calculated by DFT for six

Errors of the LJ potential, Morse potential, fit-

typical configurations.
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2.3 HAFEREE
15 MD B, A28 N 23T 192 S B0 i o
TRAHE AR Briese, Hsh J-A s s i
g e. 5 aER T R A R
OF (9Ef xT

f
fzfﬁa fmzfﬁﬁa
_ OBy o OFiz
fy - _ﬁﬁ’ fz - R Rv (4)
Hrb, FRER T 0TI fo, £y, f2 0300 I HE
EAABRE R 3 A

HIT 3 A7 I B FRd, PA D5 1a) o], 285
WIS ] At I, 23T R E TR AT

1 fi,ac

i + v At + 3 (At)? = x, (5)

m;

Hor) @y, o) B RIGEAR T i ACE R 2 J7 43 i
Vi SETREERY @ 7 A

A A B Rl R R — oy AR T )
AR f SR ST AR TR AR %) R AN
KN, ATLLE R RS i R (6) 2UB 8 Rl S
U

Horr, mg B WP, _BAR FoR0 T RS
.
MUFo TR M e shfadhit L=
M=7rxf, (7)
At
L=M—. (8)
FERLAYZS [] Pl AL 53— BB SR/ N5 Tl
PIRFEAAE S RAIE T — B 2050 A6 28 AV X
ST THRH AL AT 25 8], SRR E (5L 2 5
6] R f5]) Al (9) e
33; =T + Lo, (9
Horp Ly WBERLZS [, SOR A5 (9 1E S
JER/INRSE , A5 B I, A5 U0 B2 AR,

M 5 + fi o At = mwi,m (6)
H:
H

3

~~

2.4 EMD FHiE

AT RREEB)— & N4 CO o F
BN ARTHRS,. REGERUCH NVE, RS 5 e
RBURAS ) BRI TR AR A L. REiH
K Ly 345 A, 43F 880k 1000 4>, FEF12H 1 atm
(1 atm = 1.01325x10° Pa). WA BEHLS BL 4541

153101-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 74, No. 15 (2025) 153101

(a)

0.004
(b) — T-100K
—- T=300 K
- T=700 K
0.003 |
0.002f |\
AR
r, \|
/ /¥\
0001 /AT NN
i/ \ AN
! \ N\
/ \\ \\A
oL . . .
0 500 1000 1500 2000 2500

E%/(m-s’l)

K3 COMBTHWMAA  (a) BRI T BULALE; (b) WIIRHEE I 1

Fig. 3. Initial distribution of CO molecules: (a) Initial positions of molecular centers of mass; (b) initial velocity distribution.
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Fig. 4. Shear viscosity and bulk viscosity of CO in systems

at different temperatures.
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Fig. 5. Variation of Ppech — Pihermo With time after equilibration in systems under different pressures, with the mean value and the

standard deviation presented, respectively: (a) p = 0.25 atm; (b) p = 0.5 atm; (¢) p = 1.5 atm; (d) p = 2 atm.
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Fig. 6. Variation of Ppech — Pihermo With time after equilibration in systems with different numbers of molecules, with the mean
value and the standard deviation presented, respectively: (a) N = 500; (b) N = 1000; (c¢) N = 1500.

TR, (AT B K AR RIS E] LA 5k
SR ZOPHRRAS. B, FERARE ) T @4 e
% 0 2 B R AR R B T P, R R
A FAHSC PR A3 1]

A, 18] 6 254 300 K, 1 atm 2500 F 3 Fl43
THAR (500, 1000, 1500) Y 22 4 ik 21 )5 &

TI5RAEEZEME Prech — Priermo BEFFTRIFYZEAL. U] 6(c)
IR, MARGEN T RO 1500 B, Hk 77 5K 58 gl
bR 2E /. AN T B B s TR AR,
{HEREAS 25 PR sk i B s 2, ol Kol o
INEE 5], SE A S A R B GE AT A, AHRAT Rk
THARBE TR A R T

153101-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 74, No. 15 (2025)

153101

4 % #

FHEAERIAR S 2% B YRR 2 R AR 2R
ST A % R Y ES R Ao
T ST AHOWL B 2 B Y2 R B | A TR B 2 5 97
LR 32 R 1 =2 T ) o RO SRR AR, s o8 T
CO S M B 55 U1 26 13 R0 AR B8 1 e gk B8 Al oy
Pk, 51858 LI #H1 Morse #9258 [8) 75 8% FLAIFSE
T, FGHEST T CO MRFRZ B X 3 R B U
A2 BT UIZE I, R ER 205 #H i EJC i B
S, AL SIS K SCE0 7R T A B R BR P AH R
il T ARFREREE. D3 A, AR A L AR A S
A I (R L R AR AR, 1T B U0 280 B B2 T R AR
b, MR 700 K B, P& AR Y. X T
BUEARUAR R, AR 5RO ] 45 508 g 1Tk
TENRRE | SR TSR S Shott: B i B

T DFT 1158, A SCTAELLES B SR 43
FaAE SRR E BN, AR T+
F-SlRE S ShRE 2 [ 1 BE S b A RdE R T
FHR S A 2 L FE O BEPEAILE]. BEAh, AR SCRiRL S
g ] Rk — A S NEMD #23, BF 5T 38 i
Tish s RIS

S 30k

(1] LiZH, Liang J, LiZH, LiHY, Wu J L, Dai J W, Tang Z G
2018 Acta Aerodyn. Sin. 36 826 (in Chinese) [ZXE#E, 7,
el ZRIGAE, RARHK, BASE, G 2018 R
36 826]

[2] Luo S C, Zhang Z G, Liu J, Gong H M, Hu S C, Wu L Y,

153101-8

Chang Y, Zhuang N, Li X, Huang C Y 2023 Chin. J. Theor.
Appl. Mech. 55 2439 (in Chinese) [ZH-#8, 5KERI, 1%, 2241
B, BRSO, A, LEF, AR, S 2023 TR
55 2439]

Xing H W, Chen Z X, Yang L, Su 'Y, Li Y H, Huhe C 2024
Acta Phys. Sin. 73 094701 (in Chinese) [JB#HEL, Bk 55, #)7,
IEE, 2R, FERIG 2024 BIERAR 73 094701)

Qian X S 1946 J. Math. Phys. 25 247

Fan J 2013 Adv. Mech. 43 185 (in Chinese) % 2013 izt
JE 43 185)

Bruno D, Frezzotti A, Ghiroldi G P 2015 Phys. Fluids 27
057101

Tokumasu T, Matsumoto Y 2000 JSME Int J. Ser. B 43 288
Li J, Geng X R, Chen J J, Jiang D W 2016 Appl. Math.
Mech. 37 1403 (in Chinese) [Z=#7, BRMIA, BRiB g, V12 ik
2016 N AR J1%¢ 87 1403)

Valentini P, Zhang C, Schwartzentruber T E 2012 Phys.
Fluids 24 106101

Baidakov V, Protsenko S, Kozlova Z 2012 J. Chem. Phys. 137
164507

Baidakov V G, Protsenko S P 2014 J. Chem. Phys. 141
114503

Sharma B, Kumar R 2019 AIP Conf. Proc. 2132 090003
Parker J G, Adams C E, Stavseth R M 1953 J. Acoust. Soc.
Am. 25 263

Marcy S J 1990 ATAA J. 28 171

Dukhin A S, Goetz P J 2009 J. Chem. Phys. 130 124519

Gu Z, Ubachs W 2013 Opt. Lett. 38 1110

Carnevale E H, Carey C, Larson G 1967 J. Chem. Phys. 47
2829

Zhao N B, Zheng H T, Li S Y 2018 J. Harbin Eng. Univ. 39
60 (in Chinese) [B4 73, A HLE, ZRH0E 2018 MG /RIE TR K
241 39 60]

Kubo R 1985 Pure Appl. Chem. 57 201

Hellmann R 2013 Mol. Phys. 111 387

Cramer M S 2012 Phys. Fluids 24 066102

Lu T, Chen F 2013 J. Mol. Model 19 5387

Kasper P K 2017 J. Phys. Chem. A 121 9092

Abbaspour M, Goharshadi E K 2006 Chem. Phys. 330 313
Hong Q Z, Bartolomei M, Coletti C, Lombardi A, Sun Q H,
Pirani F 2021 Molecules 26 7152

Vogel E 2012 Int. J. Thermophys 33 741

Heck E L, Dickinson A S 1995 Physica A 217 107


https://doi.org/10.7638/kqdlxxb-2018.0121
https://doi.org/10.7638/kqdlxxb-2018.0121
https://doi.org/10.7638/kqdlxxb-2018.0121
https://doi.org/10.7638/kqdlxxb-2018.0121
https://doi.org/10.7638/kqdlxxb-2018.0121
https://doi.org/10.7638/kqdlxxb-2018.0121
https://doi.org/10.7638/kqdlxxb-2018.0121
https://doi.org/10.7638/kqdlxxb-2018.0121
https://doi.org/10.7638/kqdlxxb-2018.0121
https://doi.org/10.7638/kqdlxxb-2018.0121
https://doi.org/10.7638/kqdlxxb-2018.0121
https://doi.org/10.7638/kqdlxxb-2018.0121
https://doi.org/10.7638/kqdlxxb-2018.0121
https://doi.org/10.7638/kqdlxxb-2018.0121
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.6052/0459-1879-23-196
https://doi.org/10.7498/aps.73.20240192
https://doi.org/10.7498/aps.73.20240192
https://doi.org/10.7498/aps.73.20240192
https://doi.org/10.7498/aps.73.20240192
https://doi.org/10.7498/aps.73.20240192
https://doi.org/10.7498/aps.73.20240192
https://doi.org/10.7498/aps.73.20240192
https://doi.org/10.7498/aps.73.20240192
https://doi.org/10.7498/aps.73.20240192
https://doi.org/10.7498/aps.73.20240192
https://doi.org/10.7498/aps.73.20240192
https://doi.org/10.7498/aps.73.20240192
https://doi.org/10.7498/aps.73.20240192
https://doi.org/10.7498/aps.73.20240192
https://doi.org/10.1002/sapm1946251247
https://doi.org/10.1002/sapm1946251247
https://doi.org/10.1002/sapm1946251247
https://doi.org/10.1002/sapm1946251247
https://doi.org/10.1002/sapm1946251247
https://doi.org/10.1002/sapm1946251247
https://doi.org/10.1002/sapm1946251247
https://doi.org/10.6052/1000-0992-13-018
https://doi.org/10.6052/1000-0992-13-018
https://doi.org/10.6052/1000-0992-13-018
https://doi.org/10.6052/1000-0992-13-018
https://doi.org/10.6052/1000-0992-13-018
https://doi.org/10.6052/1000-0992-13-018
https://doi.org/10.6052/1000-0992-13-018
https://doi.org/10.6052/1000-0992-13-018
https://doi.org/10.6052/1000-0992-13-018
https://doi.org/10.6052/1000-0992-13-018
https://doi.org/10.6052/1000-0992-13-018
https://doi.org/10.6052/1000-0992-13-018
https://doi.org/10.6052/1000-0992-13-018
https://doi.org/10.6052/1000-0992-13-018
https://doi.org/10.6052/1000-0992-13-018
https://doi.org/10.6052/1000-0992-13-018
https://doi.org/10.1063/1.4921157
https://doi.org/10.1063/1.4921157
https://doi.org/10.1063/1.4921157
https://doi.org/10.1063/1.4921157
https://doi.org/10.1063/1.4921157
https://doi.org/10.1063/1.4921157
https://doi.org/10.1299/jsmeb.43.288
https://doi.org/10.1299/jsmeb.43.288
https://doi.org/10.1299/jsmeb.43.288
https://doi.org/10.1299/jsmeb.43.288
https://doi.org/10.1299/jsmeb.43.288
https://doi.org/10.1299/jsmeb.43.288
https://doi.org/10.1299/jsmeb.43.288
https://doi.org/10.21656/1000-0887.370533
https://doi.org/10.21656/1000-0887.370533
https://doi.org/10.21656/1000-0887.370533
https://doi.org/10.21656/1000-0887.370533
https://doi.org/10.21656/1000-0887.370533
https://doi.org/10.21656/1000-0887.370533
https://doi.org/10.21656/1000-0887.370533
https://doi.org/10.21656/1000-0887.370533
https://doi.org/10.21656/1000-0887.370533
https://doi.org/10.21656/1000-0887.370533
https://doi.org/10.21656/1000-0887.370533
https://doi.org/10.21656/1000-0887.370533
https://doi.org/10.21656/1000-0887.370533
https://doi.org/10.21656/1000-0887.370533
https://doi.org/10.21656/1000-0887.370533
https://doi.org/10.21656/1000-0887.370533
https://doi.org/10.1063/1.4757119
https://doi.org/10.1063/1.4757119
https://doi.org/10.1063/1.4757119
https://doi.org/10.1063/1.4757119
https://doi.org/10.1063/1.4757119
https://doi.org/10.1063/1.4757119
https://doi.org/10.1063/1.4757119
https://doi.org/10.1063/1.4757119
https://doi.org/10.1063/1.4758806
https://doi.org/10.1063/1.4758806
https://doi.org/10.1063/1.4758806
https://doi.org/10.1063/1.4758806
https://doi.org/10.1063/1.4758806
https://doi.org/10.1063/1.4758806
https://doi.org/10.1063/1.4895624
https://doi.org/10.1063/1.4895624
https://doi.org/10.1063/1.4895624
https://doi.org/10.1063/1.4895624
https://doi.org/10.1063/1.4895624
https://doi.org/10.1063/1.4895624
https://doi.org/10.1063/1.5119588
https://doi.org/10.1063/1.5119588
https://doi.org/10.1063/1.5119588
https://doi.org/10.1063/1.5119588
https://doi.org/10.1063/1.5119588
https://doi.org/10.1063/1.5119588
https://doi.org/10.1063/1.5119588
https://doi.org/10.1121/1.1907030
https://doi.org/10.1121/1.1907030
https://doi.org/10.1121/1.1907030
https://doi.org/10.1121/1.1907030
https://doi.org/10.1121/1.1907030
https://doi.org/10.1121/1.1907030
https://doi.org/10.1121/1.1907030
https://doi.org/10.1121/1.1907030
https://doi.org/10.2514/3.10369
https://doi.org/10.2514/3.10369
https://doi.org/10.2514/3.10369
https://doi.org/10.2514/3.10369
https://doi.org/10.2514/3.10369
https://doi.org/10.2514/3.10369
https://doi.org/10.2514/3.10369
https://doi.org/10.1063/1.3095471
https://doi.org/10.1063/1.3095471
https://doi.org/10.1063/1.3095471
https://doi.org/10.1063/1.3095471
https://doi.org/10.1063/1.3095471
https://doi.org/10.1063/1.3095471
https://doi.org/10.1063/1.3095471
https://doi.org/10.1364/OL.38.001110
https://doi.org/10.1364/OL.38.001110
https://doi.org/10.1364/OL.38.001110
https://doi.org/10.1364/OL.38.001110
https://doi.org/10.1364/OL.38.001110
https://doi.org/10.1364/OL.38.001110
https://doi.org/10.1364/OL.38.001110
https://doi.org/10.1063/1.1712305
https://doi.org/10.1063/1.1712305
https://doi.org/10.1063/1.1712305
https://doi.org/10.1063/1.1712305
https://doi.org/10.1063/1.1712305
https://doi.org/10.1063/1.1712305
https://doi.org/10.11990/jheu.201609090
https://doi.org/10.11990/jheu.201609090
https://doi.org/10.11990/jheu.201609090
https://doi.org/10.11990/jheu.201609090
https://doi.org/10.11990/jheu.201609090
https://doi.org/10.11990/jheu.201609090
https://doi.org/10.11990/jheu.201609090
https://doi.org/10.11990/jheu.201609090
https://doi.org/10.11990/jheu.201609090
https://doi.org/10.11990/jheu.201609090
https://doi.org/10.11990/jheu.201609090
https://doi.org/10.11990/jheu.201609090
https://doi.org/10.11990/jheu.201609090
https://doi.org/10.11990/jheu.201609090
https://doi.org/10.11990/jheu.201609090
https://doi.org/10.1351/pac198557020201
https://doi.org/10.1351/pac198557020201
https://doi.org/10.1351/pac198557020201
https://doi.org/10.1351/pac198557020201
https://doi.org/10.1351/pac198557020201
https://doi.org/10.1351/pac198557020201
https://doi.org/10.1351/pac198557020201
https://doi.org/10.1080/00268976.2012.726379
https://doi.org/10.1080/00268976.2012.726379
https://doi.org/10.1080/00268976.2012.726379
https://doi.org/10.1080/00268976.2012.726379
https://doi.org/10.1080/00268976.2012.726379
https://doi.org/10.1080/00268976.2012.726379
https://doi.org/10.1080/00268976.2012.726379
https://doi.org/10.1063/1.4729611
https://doi.org/10.1063/1.4729611
https://doi.org/10.1063/1.4729611
https://doi.org/10.1063/1.4729611
https://doi.org/10.1063/1.4729611
https://doi.org/10.1063/1.4729611
https://doi.org/10.1063/1.4729611
https://doi.org/10.1007/s00894-013-2034-2
https://doi.org/10.1007/s00894-013-2034-2
https://doi.org/10.1007/s00894-013-2034-2
https://doi.org/10.1007/s00894-013-2034-2
https://doi.org/10.1007/s00894-013-2034-2
https://doi.org/10.1007/s00894-013-2034-2
https://doi.org/10.1007/s00894-013-2034-2
https://doi.org/10.1021/acs.jpca.7b08201
https://doi.org/10.1021/acs.jpca.7b08201
https://doi.org/10.1021/acs.jpca.7b08201
https://doi.org/10.1021/acs.jpca.7b08201
https://doi.org/10.1021/acs.jpca.7b08201
https://doi.org/10.1021/acs.jpca.7b08201
https://doi.org/10.1021/acs.jpca.7b08201
https://doi.org/10.1016/j.chemphys.2006.09.003
https://doi.org/10.1016/j.chemphys.2006.09.003
https://doi.org/10.1016/j.chemphys.2006.09.003
https://doi.org/10.1016/j.chemphys.2006.09.003
https://doi.org/10.1016/j.chemphys.2006.09.003
https://doi.org/10.1016/j.chemphys.2006.09.003
https://doi.org/10.1016/j.chemphys.2006.09.003
https://doi.org/10.3390/molecules26237152
https://doi.org/10.3390/molecules26237152
https://doi.org/10.3390/molecules26237152
https://doi.org/10.3390/molecules26237152
https://doi.org/10.3390/molecules26237152
https://doi.org/10.3390/molecules26237152
https://doi.org/10.3390/molecules26237152
https://doi.org/10.1007/s10765-012-1185-1
https://doi.org/10.1007/s10765-012-1185-1
https://doi.org/10.1007/s10765-012-1185-1
https://doi.org/10.1007/s10765-012-1185-1
https://doi.org/10.1007/s10765-012-1185-1
https://doi.org/10.1007/s10765-012-1185-1
https://doi.org/10.1007/s10765-012-1185-1
https://doi.org/10.1016/0378-4371(95)00099-S
https://doi.org/10.1016/0378-4371(95)00099-S
https://doi.org/10.1016/0378-4371(95)00099-S
https://doi.org/10.1016/0378-4371(95)00099-S
https://doi.org/10.1016/0378-4371(95)00099-S
https://doi.org/10.1016/0378-4371(95)00099-S
https://doi.org/10.1016/0378-4371(95)00099-S
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 74, No. 15 (2025) 153101

Microscopic mechanism on viscosity of carbon monoxide

ZHANG Junzhuo LI Yanqin® LI Zhicong  YAN Shuibao

(School of mechanical and power engineering, Zhengzhou University, Zhengzhou 450000, China)

( Received 1 April 2025; revised manuscript received 29 May 2025 )

Abstract

Viscosity is an essential transport property in gas dynamics, especially the bulk viscosity, which exhibits
more complex behavior. Carbon monoxide (CO) is a molecule of weak polarity, which exists in many important
fields such as combustion and coke metallurgy. In order to effectively uncover the mechanism of the CO
viscosity, this study dealt with it from a microscopic view. A transcale model is built which integrates density
functional theory (DFT, first-principles) calculations with equilibrium molecular dynamics (EMD) simulations
to establish a microscale foundation. Based on that, a fitted high-precision potential function is formed, then by
using the Green-Kubo linear response theory, the shear and bulk viscosities of CO are achieved in a medium
temperature range of 100-800 K. The MD simulation is implemented with C programming language, and an
adaptive time-step algorithm is applied so that the computational efficiency is significantly enhanced. The
resulting bulk viscosity exhibits quite obvious sensitivity to the potential function of the molecule system, while
the shear viscosity shows little. Unlike the shear viscosity, which appears more linear, the bulk viscosity shows
clear nonlinear behavior that changes with temperature. Correspondingly, traditional theoretic models and

experimental results from different literature indicate that the bulk viscosity at medium temperatures is

overestimated to various degrees. Fitting functions on
. . . . 5L Shear viscosity (this work)
the shear and bulk viscosities in the defined —a- Rotational measurement24]
. . _ | = NIST
temperature range are established, respectively. ? 4| —v Bulk viscosity (this work)
Additionally, the lower system pressure and larger & e gllfgl;?]“ic measurement [ L
| --- _.A
system size in the model effectively reduce statistical 2 37 A
~
pressure fluctuations and improve the convergence of &
n 2}
relevant laws. This work elucidates the microscopic S
mechanism of CO viscosity and provides a high-fidelity 1t
theoretical tool for modeling the viscosity of high-
e . 0
temperature nonequilibrium gas flows (e.g. hypersonic 100 200 300 400 500 600 700 800

boundary layers, and plasma transport). Temperature/K
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