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Fig.1 The collision of two equal-sized droplets
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(IV) near head-on separation
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Fig.2 Schematic of various collision regimes of hydrocarbon droplets in 1 atm. air(Qian et all'*)
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Fig.3 Geometry and adaptive mesh of the calculation model
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B4 BB b EA SN SIRIRIE (We = 8.6, Re = 105.9, D, = 306 wm)
Fig.4 Experimental verification of the numerical method (We = 8.6, Re = 105.9, D, = 306 pm)
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Fig.5 Experimental verification of the numerical method ( We = 19.4, Re = 158.0, D, = 302 pm)
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Fig.6 Experimental verification of the numerical method (We = 61.4, Re = 296.5, D, = 336 um)
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Table 1  Physical properties of aluminum oxide droplets and gas
medium density p / (kg/m*) dynamic viscosity u /(Pa-s) surface tension o /(N/m) temperature T /K
Al 05(1) 2 685.6 1.48%x1072
0.615 4 3 387
gas 5.914 2 (6 MPa) 3.6x107
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(1) We = 200, Re = 388.47, U, = 21.407 9 m/s
B 7 AR We T =S4 8RO RERE S BB RFE L, B = 0, Dy = 100 wm,0h = 0.036 4
Fig.7 Numerical Simulation of head-on collision sequences of aluminum oxide droplets
at various Weber numbers, B = 0, D, = 100 wm, Oh = 0.036 4
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REFERE R IVER T AR MM RASILIZ 3, S ReB i AL A R T RE , [FIE i T A5
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T (0 TR IEH  BEH T A 2 3, I R ZGE RN — i R ARG 7(g) ~
T() 4R T Weber $00 55,70,100 (3R IR R, BEE We B K, ShHELk L1
i, e DL sE iR T 5K ) FORS HEFE L, 20 255 WO AN B ARz 3l 2 I iz 3l #7747 — 1+
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T R A i R o3 B g ka3 {H pR TR 9K O RN R 28 S VR R T A e A stk mi i 1
T — BT Ay T N R R U, 1 0.13 ms K2 0.14 ms 7. 397 F 50100 R A 3 70 A o e
Wr (end-pinching ) fEHT , 7385 R IE P AN BRI , HoAER 08 i— A0 AT WLV 1)
Bt IFAEREE We BOXE I S L Mg, R miA 98 1 AT RE. We = 200 B3RS R ANIE 7 (1) fir
7, AT AR B FERSReVE A N g b A e 5 4l , XA A (ligament ) ,0.15 ms B H:A7)
WALy 43, bifi 5 12037 T A i e WALl ™= A T 9 AN , 7 A8 5 P BEB0 )
FEAAHFLNE 7(£) ~7(1) FTLUE Y FERCARAE T B0 R 43 25 10— V0T 1) 1 BRATL 1) A oK iy e
WAL, AR B A T2 E ML (capillary wave instability ) .l 8 25 1 T A SR B0 = A b —
BRI X O Rl AR 5 SR DX 5 o3 A ], JE s T T ANTR] We T VB0 R FRE 45 SR 1 3 AP, 203l A
R ASIE G R A A R E.

2 bouncing ¢} coalescence [ reflexive separation

0 20 40 100 120 140 160 180 200 we
8 AL THRIRTE N DRSS R We £URLEATE
(We: 10 ~ 200, Re: 86.86 ~ 388.47, B = 0, D, = 100 pm, Oh = 0.036 4;
FLHR- A WG We B, Wey = 265 BE-H LT E IR We B, Wecr = 44)
Fig.8 Regime shift trend map for head-on collision of aluminum oxide drops with Weber number
(We: 10 ~ 200, Re: 86.86 ~ 388.47, B = 0, D, = 100 wm, Oh = 0.036 4;
the critical Weber number between bouncing and coalescence, Wey, = 26;

the critical Weber number between coalescence and reflexive separation, Wee, = 44)
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We = 643.10h + 14.8,  Oh < 0.04, (11)
We =9 309.00h"™°, Oh > 0.04. (12)
ARSI =R A —HRIH K9 O 2 0.036 4, KA _E 3T LIFFEIIG F 538 Weber 20 38.2,
HASGHEARINRE S A RSB IGA Weber £ 44 AT ARYETTSLIG F Weber 25000 X6 HoAlh
AR R T AR A A TE 200 | T AR = S0P — 0 VR0 10 A 45 SR ol 581,

5 4 1w

AR SCE S IR T IR Rl A0 A P B A e B A R i IR R kAT
TEUEEAE, 55 R T = AL AR X O RS EUE A Y, ARSI .

1) 3B TF R E T U BERGHE 7 2 IAEE T X O Rl BUE 5, A T o o RS
JE A AR E 3 FhRAIR R SER  1E 5 gl A —3.

2) EFXF =44k AR T R T ORE Weber BT B 6O Ailf 18 BUEL 9%, TF 582 8006 [ N
We:10 ~ 200,B = 0,Re:86.86 ~ 388.47,D, = 100 wm,Oh = 0.036 4; 345 1 [ 5 KA 5 B
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Direct Numerical Simulation of Head-on Binary
Collision of Aluminum Oxide Droplets

XIA Sheng-yong'*, HU Chun-bo'
(1. Science and Technology on Combustion, Internal Flow and Thermal-Structure Laboratory
Northwestern Polytechnical University, Xi’ an 710072, P.R.China;
2. Department of Engineering, University of Cambridge, Trumpington Street,
Cambridge CB2 1PZ, UK)

Abstract: Direct numerical simulations of head-on binary collisions between equal-sized alumi-
num oxide droplets were conducted to investigate the collision physics and mechanics of alumi-
num oxide droplets in solid rocket motors. Trial simulations of head-on collisions of tetradecane
droplets in nitrogen medium were performed firstly to give results in good agreement with those
of the previous experiments. After the positive validation of the numerical method, the head-on
binary collisions of equal-sized aluminum oxide droplets were numerically computed with vari-
ous Weber numbers under 6 MPa ambient pressure and 3 387 K ambient temperature. The We-
ber number ranged from 10 to 200, and the Ohnesorge number kept at 0.036 4, which covered
three different types of outcomes: bouncing, coalescence and reflexive separation. The results
show that the critical Weber number between bouncing and coalescence after substantial de-
formation is 26, and the one between coalescence after substantial deformation and reflexive
separation is 44. The collision model for aluminum oxide droplets can be obtained through mod-

ification of the collision model for other fluid droplets with critical Weber numbers.

Key words: solid rocket motor; aluminum oxide; droplet collision; DNS; adaptive mesh meth-
od; VOF
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