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Fig.1 Schematic diagram of TATB granulating
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Fig.2 Schematic diagram of X-uCT scanning
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Fig.3 CT 3D-reconstruction and axial slice of TATB granules
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Fig.4 Radial CT slices of TATB granules
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Table 1  Structure and characteristic of TATB granules
granules  characteristic of granules  structure of granules
1 single-vortex single-core & crust
2 multi-vortex multi-core & crust
3 double-vortex double-core & crust
4 single-vortex single-core & crust
5 multi-vortex multi-core & crust
6 single-vortex single-core& crust
7 single-vortex single-core& crust
8 single-vortex single-core& crust
9 multi-vortex multi-core & crust
10 non-vortex non-core & crust
11 single-vortex single-core& crust
12 multi-vortex single-core& crust
13 multi-vortex multi-core& crust
14 vortex-in-vortex vortex-core& crust
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Table 2 Characteristic parameters of vortexes in TATB granules

parameters of vortex

dense-layer thickness

granules wall thickness of long/short diameter distance of between ~ vortex morphology of granule/mm
vortex/mm /mm vortexes/mm
1 0.09 1.34/1.06 - solitary 0.15 ~0.50
2 0.05 0.42/0.30;0.32/0.28;0.28/0.22 0.50 dissipative 0.10~0.17
3 0.13 0.70/0.55;0.67/0.46 1.20 binocular 0.08 ~0.23
4 0.15 0.67/0.53 - solitary 0.25 ~0.33
5 0.05 0.53/0.37;0.44/0.32;0.37/0.25 0.74 dissipative 0.12 ~0.17
6 0.12 0.61/0.46 - distorted 0.09 ~0.22
7 0.07 0.96/0.65 N solitary 0.12 ~0.27
8 0.11 0.48/0.32 = solitary 0.07 ~0.16
9 0.06 0.48/0.30 0.60 dissipative 0.09 ~0.19
10 - - - - 0.09 ~0.38
11 0.06 0.72/0.60 - solitary 0.07 ~0.19
12 0.06 0.54/0.43 0.53 dissipative 0.12 ~0.19
13 0.04 0.49/0.42 0.46 dissipative 0.11 ~0.24
14 0.07 0.78/0.62 0 disrupt 0.09 ~0.21
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ellipsoidal vortex

ellipsoidal vortex

sample No. 4
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Fig.5 Morphology of condensed vortexes shown in 3D-CT
pictures
3.2 A e XY BURL L 4 R 0
3.2.1 REESHER

Kl 6a A 1T wm 2 FE R TR BURL A EB v 4 1
) X-wCT H) Jr 45 5 (BB BE ) |, 8112 R i TATB gk
) i 0 50H A i 32 ), ol 4 700 508 % 7 X8
A R R A, EL O B 0 22 )2 3 2 i oF U
kAR TATB A 4 . MR 4 % e sz sh B ag | %
TATB @b AT P LLERBE v 2P 42 r 58 UKL JE 5% Hh o0 i

CHINESE JOURNAL OF ENERGETIC MATERIALS

154 Ji iz 2l (U 1&] 6 Jir 713 ), JULRSURE A o L HHE 57 32 1%
oy B e JRE 1) 4 R TR o 364 i T 3l RE R U B
14 UL JE B 36 B K, 2 /N i oL 22 GBS . X BUE
J2 R I s TR PBX BR8] g 4 B S 1T )2 B L IAL
FTH 2 LA B AR TR S e o EEOR 45 50 )2, BRAE i R b
i 8 T AT A O i RBURL Y BUE S5 R )2

dense layer
hole p
v
TATB crystals FT X
arrangement
trajectory
binder trace

a. CT slice of microstructure b. motion of granule

(single-vortex mode)
B 6 RN AR AE M 5 s SR B (RN )
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Table 3 CT grey of dense area and loosened area in the TATB

granules
dense area loosened area

granules axial radial axial radial
1 17757 17972 16682 16624
2 - - 16482 16800
3 17602 17875 16440 16644
4 17861 17575 16969 16447
5 - - 16198 16307
air 12237
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Condensed Vortexes in TATB Granules Driven by Fluid-solids Coupled Turbulent Flows

ZHANG Wei-bin, YANG Xue-hai, YANG Reng-cai, DAI Bin, XIAO Li, YANG Cun-feng
(Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract. X-ray micro-tomography(X-uCT) was applied to obtain the complete three-dimensional (3D) recordings of TATB-based
granules at micrometre resolution. Vortexes are preserved by condensation and encrustation with binder. 3D visualization of struc-
tures arrangement and vertical-layer can solve outstanding questions about the nature of vortexes. The morphological features of
vortexes such as single-vortex, double-vortex, multi-vortex, vortex-in-vortex in the granules indicate the mode of turbulence devel-
opment. The dense-layer and vortical-layer reveal the turbulent mass transfer effect of TATB crystals. X-wCT provides a method of
non-invasive analysis for probing the very limits of vortexes and insight into condensed vortexes during the emergence turbulence.
Key words: fluid mechanics; TATB granulating; fluid-solids coupled turbulent flows; structures of granules; vortex; X-ray micro-
tomography ( X-uCT)
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