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Fig.1 Effects of the potential function on the simulations
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Fig. 2 Comparison of the saturated density of water and vapor obtained from simulations with experimental data for PR EOS
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Tab.1 a-function in the attractive term of the PR-type EOS

REFRE a(T) B E(=1,2,3,)
MPR1[®] [14+kQ—/TH] k; =0. 3882+ 1. 5613 w— 0. 2901 &* + 0. 0618’
MPR2(10] 1+ =Tk +2,/T)) k) =0.7811, k, =0, 1671
MPR3[1] I+ U—T) +k(1-TH +kQA—T3 k, =2.7366, k, =— 1. 7118, k, =0, 5428
(1408 + /(T Jg(TH A = /T)T Ey=0.3789 4 1. 4897w~ 0, 1713’ +0, 0197 &’
MPR4D = - —JT 1=0. 4897w —0. 1713w +0.0197w
AT =k +ks k=T ) k; =—0.0913, k;=—0.0600, k£, =—0, 8531
g(TH=0+/THO.7—T)
MPRS5(131 ([l a=T k, =0. 4180+ 1. 5800w — 0. 5800 «’
MPRGU gty ) £, =0. 3806 + 1. ;3637«: z
ky=0.5134 — 2&° +3. 6544w 0. 7834 o
MPR7015] 10%k +iy Ty +ky THHA-Tp k; =0.4293, k, =—0.1473, k; =0.1206
— —— 2 o
MPRECS] Tkt n s £, =0. 1308 — 0. 0505 w40, 2595«.2, k=0, 8177
&L Vi k;=0.3136+ 1. 8675w — 0. 5260
MPR(17] 14+ kT T+ k(3 — T + k(1 —T2) k, =1.5522, k, =1.3385, k; =0. 5704
MPR10(18] [ O-TO T Ak TY oy g T k;=0.0031+0.0131w, k,=0.0065—0, 4822w

by =0.7213 4 3.5862w

k2 BAEANEBERENARUEREXREZ AN TFHHENRE

Tab.2 Applicable temperature range of the model and the average relative error

between the simulations and experimental data

REFBE  2/% /% LB 7 REFE  &0/% /% i e 5

PR 33.30 10.72 [0.558T.,T.] MPR9Y 6. 39 14. 04 [0.597T.,T.]
MPR1 30. 54 1'0. 60 [0.578T.,T.] MPR10 17.94 13.63 {0.648T.,T.]
MPR2 34.45 10. 21 [0.583T,,T.] MPRI11 30. 09 17. 33 [0.545T,, T.]
MPR3 33.67 10. 33 [0.596 T, T.] MPR12 15. 85 9.18 [0.568T.,T.]
MPR4 568.5 9.56 [0.435T,,T.] MPR13 5.54 10. 41 [0.576T.,T.]
MPR5 33.16 10. 47 [0.586T.,T.] MPR14 5.57 4.95 f0.629T.,T.]
MPR6 33.58 10. 63 {0.548T,,T.] MPR15 29.03 18. 08 [0.605T.,T.]
MPR?7 33.63 10. 86 [0.549T,,T.] MPR16 32. 87 11. 49 [0.575T.,T.]
MPRS8 33.97 10.52 [0.564T.,T.] NPRT 1.86 0. 82 [0.575T.,T.]
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Tab.3 Volume translation term in the repulsive term of the PR-type EOS

REFB o«T) AW b G=1,2,3,-)

MPR1101¢] kyRT.(1. 54482, ~ 0. 4024) /p, k; =0. 2520
ky =— 74, 4580z, + 26. 9660

MPR12(%0] . - e 0. 35/[0. ,—a(THD"
(0.3074 — 2. ) (RT./p ){0.35/[0. 35 + (&y| T, —a(T,) ) * ) k, = 246. 78002% — 107. 2100z, + 12. 6700
. k =—3 84318—64.2184(0. 3074—zc) + 0.1735
MPR13(21] 0.3074 — 2,) (RTe/p ) [l + (1 — ke 2P 1z
( 2 (RTe/p) Ul + A —ky)e ] k, =— 99. 2558 + 301. 6201z,
22 Gy la (T &y =--7.3410 X 10**2%°'* 4-0. 1100
MPR14022] €0.3074 — 2 ) (RT:/p )y + (1 — kyde 2 ] 5. 364z

by =— 44, 2260e < 4 0. 8060

% 4 NPRT fn MPR14 2% 4 2 % B

Tab.4 Parameters in the attractive and repulsive terms of the NPRT and MPR14

RENRE ky ) ks ky ks kg ky
NPRT 0. 4523 0.7223 0.1123 1.0534 0.5816 0.0112 10. 5231
MPR14 — — - - 1. 000 0. 1080 12.1144

k5 RAFRABRNAAFRFARZE R PRARS Y &

Tab.5 PR-type EOS with different coefficients in the attractive and repulsive terms

REFE o(T), (T) 5 6(T) AR G=1,2,3,)

T =[1+ k=T, + kKT T k, =0. 0019 +0. 0044 @+ 0. 3632w’ — 0. 9083w’ + 0. 5589 '
- 4\ Ly 5 r

§T) =(1—T.)(0.7—T.) ky =—0. 0054 — 0. 5111k, + 0. 0453k; + 0. 0745k; — 0. 0383k;
T . r
MPR15[28] o(T) =— (RT./p[k; +&(T)] k; =0. 0147 Z 3 )
g(T)=k,(1— T3 +k (1 — T23)2 ky =0.2047 4 0. 8355w —0, 1847 w” 40, 1668w — 0. 0988 w
' ks =0. 1156
MPR16024 (D= ky=0. 2476 — 0. 8857w+ 0. 19000’

6(T) =0.07780(RT./p )1+ & (1 —T.)] by =1.7309 4 1. 6571w+ 0. 1554 0"
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Fig. 3 Comparison of the saturated density of water obtained from simulations with experimental data for NPRT,MPR15 and MPR16
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Modification of PR equation of state based on pseudo-potential
Lattice Boltzmann model simulations

ZENG Jian-bang*!, JIANG Fang-ming?, HU An-jie’, LI Long-jian®
(1. School of Mechatronics Engineering, East China JiaoTong University, Nanchang 330013, China;
2. Key Laboratory of Renewable Energy,Chinese Academy of Sciences,Guangzhou 510640, China;
3. School of Power Engineering,Chongging University,Chongging 400030,China)

Abstract: Exploring the effects of potential function on the saturated liquid and vapor densities of water
calculated by pseudo-potential Lattice Boltzmann model (PLBM) based on PR equation of state (EOS).
Choosing proper potential function form,the simulation results agree well with the Maxwell theoretical
values, but there are noticeable differences existing between the simulation results and experimental
data. The parameters in PR EOS need modifications. Analyzing the PR-type EOSs available in litera-
tures,we find from simulations by PLBM that only modifications to the attractive or repulsive parameter
in the PR EOS cannot increase the calculation precision of both liquid and vapor density,and at the same
time enlarge the applicable temperature range of the PLBM. Therefore, we establish a more accurate
PR-type EOS for saturated water and vapor by modifying both the attractive and repulsive parameters in
the PR EQOS based on PLBM simulations.

Key words: pseudo-potential Lattice Boltzmann model; PR equation of state;potential function;

Maxwell law



