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Fig.1 A sketch map for building DPD coarse-grained model
based on RDX crystal
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Fig.3 Evolution of viscosity of TNT suspensions containing nanoparticles in different shape with temperature( 1

, 3, 5 represent the

Table 1 The pre-exponential factor( k) and the flow activation energy( Q) in Fig.3
Fnano CYnano Cunano Tnano
parameter
1F 3F 5F 1CY 3CY 5CY 1CU 3CU 5CU 1T 3T 5T
k/107* 1.81 1.07 0.63 1.95 1.00 0.71 1.88 1.01 0.86 2.05 0.99 0.62
Q /10° 3.97 4.18 4.38 3.94 4.19 4.33 3.96 4.20 4.28 3.93 4.21 4.39

Note: 1, 3, 5 represent the number of nanoparticles, respectively
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Evolution of the viscosity of TNT suspensions containing two spherical nanoparticles with temperature

Table 2 The pre exponential factor( k) and the flow activation energy( Q) in Fig. 5

4D 8D
parameter pure TNT melt
7.9% 23.8% 39.7% 7.9% 23.8% 39.7%
k/107* 5.41127) 3.46'%7] 3.13 1.68 0.95 0.59 1.90 1.35 0.86
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Fig.6 Relationship between viscosity and particle size of TNT

suspensions containing 4D and 8D nanoparticles
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Table 3 4 kinds of classical viscosity model

authors equation Ref

Einstein n=10(1+2.5¢) [30]
Batchelor 7=no(1+2.5¢+5.2¢%) [31]
Zuzovsky 1=n(1+2.5¢/(1+0.8624-2.286¢°"*)) [32]
Brinkman n=no(1-¢) > [33]
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Table 4 Fitting results of compensation coefficient(A) and its

relationship with particle size

R A Ao standard
Einstein  Batchelor Zuzovsky Brinkman error
5 3.51 3.30 3.36 3.33 3.38 0.09
8 1.68 1.55 1.58 1.56 1.59 0.06
10 1.51 1.34 1.37 1.34 1.39 0.08
12 1.08 0.97 1.00 0.98 1.01 0.05

TR B 4 B Einstein Rl 5 20 SUA LA b B2
AR LT A e RJ7 22705 0.09;5 10 B 454> J7 2 #R

#E A1
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Table 5 Comparison of the predicted results of the modified Einstein-like viscosity theory model with the DPD model

number of

nanoparticles 13 DPD Einstein Batchelor Zuzovsky Brinkman
3 5 0.0022 12.378 12.305 12.308 12.304 12.308
5 5 0.0036 12.486 12.451 12.460 12.448 12.459
8 5 0.0058 12.725 12.670 12.694 12.663 12.691
10 5 0.0072 12.838 12.816 12.853 12.805 12.848
13 5 0.0093 13.067 13.036 13.098 13.017 13.090
15 5 0.0108 13.207 13.182 13.264 13.158 13.255
2 8 0.0059 12.422 12.377 12.382 12.374 12.382
5 8 0.0147 12.824 12.812 12.849 12.801 12.844
7 8 0.0206 13.136 13.103 13.174 13.082 13.166
10 8 0.0294 13.569 13.539 13.684 13.501 13.671
1 10 0.0058 12.378 12.305 12.309 12.304 12.308
3 10 0.0172 12.872 12.744 12.774 12.735 12.770
5 10 0.0287 13.486 13.183 13.266 13.159 13.257
7 10 0.0402 13.917 13.622 13.785 13.580 13.770
10 10 0.0575 14.679 14.282 14.614 14.210 14.595
1 12 0.0099 12.466 12.419 12.427 12.416 12.425
3 12 0.0298 13.074 13.085 13.154 13.065 13.146
5 12 0.0496 13.773 13.751 13.941 13.703 13.926
6 12 0.0596 13.953 14.084 14.358 14.021 14.340
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DPD Simulations on the Effect of Nanoparticle Shapes, Sizes, Contents and Gradations on the Viscosity of
Energetic Suspensions

ZHOU Yang', Ll Yi-xue’, QIAN Wen', HE Bi'
(1. Institute of Chemical Materials, CAEP, Mianyang 621999, China; 2. Graduate School, CAEP, Mianyang 621999, China)

Abstract: Controlling the fluid behaviors of energetic suspensions is one of the crucial technologies for controlling the inner defects
of munitions. Considering the lack work on energetic suspensions with nanoparticles, dissipative particle dynamics( DPD) simula-
tion technology was used to investigate the influences of particle shape, size, content and gradation on the viscosity of energetic
suspension systems in this paper. It shows that the influence of the particle shape can be neglected in the case of low contents.
With the increase of the content of nanoparticles, the viscosity of the suspension rises accordingly. For a same amount of nanopar-
ticles, the smaller the size, the greater the viscosity of the suspension. The addition of nanoparticles does not change the depend-
ence of the system viscosity on the temperature. For the same content, the particle gradation of two different sizes of nanoparticles
can effectively adjust the viscosity of the system. By introducing the solvation effect of nanoparticles, the traditional Einstein viscosi-
ty calculation formula is corrected to be more efficient. The particle size and content are both introduced to a model to effectively
predict the viscosity of fluids ranging from nano- to micro-scale.

Key words: energetic suspension; nanoparticles; viscosity; dissipative particle dynamics( DPD)
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