N HZUFANTT 5 5 41 45 o 3 Applied Mathematics and Mechanics
2020 43 H 1 Hi R Vol.41,No.3,Mar.1,2020

© BHCHE R4 22 1SN 1000-0887 hitp://wiww. applmathmech.cn
— K EEX R E RS EES
FOw, FmE, X M
LR T2 A5 A0 TR , IR S 255049)

TEE: USRI IEENE H) R 50 R i 45 1 AR R0 T il 4o 45 SR TSI R | SR FH R R R R e
L (volume of fluid, VOF) Jr kAl $EPIARAZ FLH, FI B2 WIAK B 38 B HOR S S R AR B, X — T
KB PR R 1 R A T LR A AT S5 AL B Sk 0 v T 1 W Ao VL ) Rl 9 S 6 30 4 7 4
EAREAEL , S T (A AL () m] S Pk R R T R IR R T A RS g g AR R X O i AR (B A AR, 43
BT VR W18 ok PR 34 25+ R T AL BIFAR. 1 A [ R AR AN (] A 7 e J32 o il et o 52 144 2
A AR T RA A BB W R 25 R T DL T = I A Weber 1, 8045 H R[] Ohnesorge
BT VKR A 5 SR A .

% # W K; WHEREE; VOF;  ZhASMAS HE Y

FESES: TK284.9 MERERERE . A DOI . 10.21656/1000-0887.400196

1=

KGR VR G 2 W T A A T K ) e, TR0l A= 7 A5 U, v K TCHURNA )
BB K AR AR I T, A T IR TR S ol 1 ) f 7 T AR S AR b SO0 5 KR & B
FAIXTIZ Bl , W Z (AR EL RS H R A 0 3 DA S R A SR ) v B0 NI 7K TR 114 43 A
ARZSANR], G BARASASR] , 3 10 v 203 ) v HME RE AT JIT 22 5 X ¥ K i il 4 oo A AT AE 52 0
S3AT, BEAE v JNIE MBSO IS 25 A, FAT B B 48 5 08 L

Vo HN I P HE K W I R AR — 2 R 2B ARt () R 20 4D 60 2R
A, 1 A RO A o R L T R T A5 - Adam S5 SEAT K A4 S 56, A% PR
Mo 25 T e K M R R (R TS MG ST . Qian 451 ST X U HR I A DU b YR AR 4oL
FEIEAT SIS, A2 H IR0 w8 % SRS AU K] Brazier-Smith 2517 B4E L0 B G | HE ST T 4K i
TSR 55 53 B T Tl 428 295 2R () s SRS | K TS 3 JH Al A0 AR i) Al 4 4 SR 000 A A R iR 22
FHAL T SEBG T 7, BOEASADL A8 5 47 b R 7R VR TR A TR 100 LA B P 30 37 0 28 b B SO0 S8 Nikolo-
poulos &5 M BB AL 1 R X Co Rl A AR RS B VR 266 B K, L On O Rl TR A 5 R A
IRFI R RS R A S B AL, W0 A T = Ak A TR G A 4 SRR,

« WFSHHEE. 2019-06-21; {&iTHHEE: 2020-01-08
EE&WH: ERARP ARG (51879154) ; IIARA A R34 (ZR2019MEE00T7 )
EHERN . FER(1994—) 5 i+ 4: (E-mail: yq199411@ 163.com) ;
FrEE(1974—) Lo, #8214 S IR GEIRMEE . E-mail: xiaoniqi@ sdut.edu.cn).
Sl FHR, SFEEE, . T KR X O R R [ T ). N R 2, 2020,
41(3) : 268-279.
268



Fooomm ¥ K &= 2 ff 269

AR I T AR ST R KR R R 5T, A5 B T 200 pum B4R I 2K VR Al 9 45
WA B (R 2 S A5 A 43T | A X RlE i o R 5 o DR 2R A 5508, B R, YR Rl e R A AR 5T
22 VARG o 280 YRR T L i S R I 9 e G g AR T R e R AR ST AR X A b
il 458 275 S TS TR 3 A 15 50

ASCHIH FLUENT JFJ8 T H i d e 8 R i K 0 %o O RlE 18 B 2 5 5%, 7E SC
k[ 13 ] T AR SER b, X6 80T Bl 1 2o 7 0 7 45 4 B s LB EA T 40 BT, R 5% T AS R) R i EL A%
TRIVAN [ A 7K e X6 48 2o A P 352 ), 15 1) 17 O il 4R 0o R 3R 5 0 1 IS 8 R 2 R A e A
We , Jol 25 t 1 /K VR iR il e 45 SR v L

1 BUEI RS S

1.1 =HFR

T K TCEDRHA A0 R 48 W Al o AR R — N S B AR LM R R 2 A s i A
DA B4 286 2 T 5 g T Al AR e R AR R i AR R A S AN T R 4 R A, AN TR e
3 RH AR 5 R L SCHR [ 13 .

o TRl A8 9 3 A A S T A AL L SR VOF 7k, G g R i B it 2 7 R Ak 3 2
I X AR R A FRLL , B IS ST PR S e | GRS G T 45 A ] A R S sl R S Ak 3
HESPEPELF T RORT RE S BT H] VOF J5 % S0 RORH 5 T AT 3B 8 SCIMAS I O
AHAR TR ST B8 o BRI TE TS AR AR R & AR T 1 1) 2 B 5 R R R B T

pla)=ap, + (1 —a)p,, (1)
w(a) =au, + (1 —a)u,, (2)

Folr, pr oy o, o, 53RN TR FO AR 1) 25 B IR L

A VR il A 7 SR 1) I e AW B SR SRR [ 13 138 2 19 Reynolds %X, Re; Weber %%, We ; hilf 18 =
B, RoFH A5 8 Ohnesorge 0, Oh, HFERU0TF .

n

JpoD,’
Horbr, p W | o SR 2 T 9K ) R80T 201 ) R B8 2R, D i R WO ELARS , A SC
AU 5T 55 R Z el X O b R RT o 1 RS S 80k 0.

A SR Z e RIS T A, TR B T AR AR R TR, B (3D, x
1.5D,) ~ (12D, x 6D,) ; TG i#AHEE 0.25D, AMBAMA R 5 il R T 2 L AHSIS M B
T I AR X A i JLART RS AR K XA G 1 iR,

Oh =

(3)

1 JLATAERL e 1 58 N A

Fig. 1 The geometry and adaptive mesh of the calculation model diagram
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Fig. 3 Seawater droplets coalescence after head-on collision ( We = 22, Oh = 0.007 9) (unit; ms)
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Fig. 5 The velocity vector field of seawater droplets at 0.26 ms (We = 22, Oh = 0.007 9)
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Fig. 7 Head-on collision of seawater droplets (Oh = 0.025) (unit: ms)
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Table 1  Properties of pure water droplets and 2-fold concentrated seawater droplets

surface tension coefficient

phase density p, / (kg/m?) dynamic viscosity g, /(Pa-s)
o /(N/m)
pure water 9.956x 102 8.940x107* 7.173x1072
2-fold concentrated seawater 1.103x103 1.045%1073 7.359x1072
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Fig. 10 Head-on collision of pure water droplets( unit: ms)
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Fig. 11  Head-on collision of 2-fold concentrated seawater droplets( unit: ms)
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Numerical Simulation of Head-on Binary
Collision Between Seawater Droplets

YIN Qiang, QI Xiaoni, LIANG Wei
(School of Transportation and Vehicle Engineering, Shandong University of Technology,
Zibo, Shandong 255049, P.R.China)

Abstract: Numerical simulations of head-on binary collisions between equal-size seawater
droplets were conducted with the volume of fluid ( VOF) method and the adaptive grid tech-
nique, to investigate the collision physics and mechanics of seawater droplets in shower cooling
towers. 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. The
binary collisions of equal-size seawater droplets were simulated under room temperature and
normal pressure conditions. The stream field and flow mechanism of seawater droplets collision
were analyzed, and the effects of droplet diameters and concentrations on the collision process
were studied. Two different types of collision outcomes were identified: the coalescence and
the reflexive separation, for which the critical Weber numbers were given. The schematic dia-
grams for various head-on collision regimes of seawater droplets at various Ohnesorge numbers

were also obtained.
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