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Abstract

There is plenty of semi-empirical formula or approximate formula on the maximum spreading factor
of the droplet impacting the horizontal surface, but no theoretical solution now yet. The process of
droplet impacting the surface is broken down into three sub-processes of drop, collision and spread-
ing; the cylindrical droplet hypothesis is introduced, the laminar incompressible axisymmetric stag-
nation flow pattern is used, the theoretical formula of maximum spreading factor is deduced, and the
theoretical formula combined with the literature data is verified. It shows that in the case where the
Reynolds number is not more than 21,698, the theoretical formula and the actual result have a good
compliance, and have a good explanation to some semi-empirical formula or approximate formula.
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Table 1. Semi-empirical Formula for Maximum Spread Coefficient
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Table 2. Application and calculation data of maximum spreading coefficient
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S/ 1.19 1.49 1255 115 95.2 0.30 2.79 265 [10]
S/ AN 1.19 0.67 564 23 19.2 0.30 2.62 233 [10]
LA AN 1.19 1.49 1255 115 95.2 0.30 3.00 265  [10]
S/ AN 125 1.49 1319 121 90.5 0.33 3.08 268 [10]
LA AN 1.30 1.49 1372 126 87.0 0.36 3.15 270 [10]
S/ AN 135 1.49 1420 130 84.1 0.39 3.30 272 [10]
S /£ 1.19 1.49 1255 115 952 0.30 3.00 265 [10]
HH /AN 1.30 1.49 41 112 87.0 0.32 1.16 139 [10]
IKIANEEEN 135 1.49 3995 82 83.8 0.25 2.90 334 [10]
IKIANAN 1.32 1.94 5096 136 1453 0.23 3.51 349  [19]
IKIANEEEN 1.32 2.14 5621 166 176.8 0.23 3.54 355 [19]
IKIAEF A 1.32 3.17 8327 364 388.0 0.23 434 3.83  [19]
IR/ AR 1.32 0.56 1471 11 12.1 0.23 1.70 2.87 [19]
VINZEL 7 1.32 1.94 5096 136 1453 0.23 335 349 [19]
IR/ ERR 1.32 2.14 5621 166 176.8 0.23 3.37 3.55  [19]
IR/ 1.32 3.17 8327 364 388.0 0.23 3.83 3.83  [19]
H AR 1.63 1.78 61 200 99.1 0.50 1.41 1.50  [20]
H /R 1.63 2.28 78 327 162.5 0.50 1.55 156 [20]
H /2R 1.63 2.70 93 458 227.6 0.50 1.61 1.61  [20]
IK/EEAR 1.94 1.78 6858 169 83.2 0.51 3.41 370 [20]
IR/ 1.94 228 8785 277 136.6 0.51 3.53 3.88  [20]
IK/BEAR 1.94 2.70 10395 387 191.2 0.51 4.18 401 [20]
To/K LR 1.46 228 4364 535 182.1 0.73 3.94 337 [20]
To/K CREEER 1.46 1.78 3407 326 111.0 0.73 3.83 322 [20]
IK/B 5 0.78 1.30 2014 36 110.4 0.08 2.06 294 [21]
K /P38 1.32 1.30 3395 61 65.5 0.23 2.57 324 [21]
pINGE 1.73 1.30 4467 80 49.8 0.40 2.66 342 [21]
K /P38 2.05 1.30 5280 95 42.1 0.56 3.04 353 [21]
pINGE 1.13 0.94 2100 27 40.0 0.17 2.68 299 [22]
K /P38 1.13 1.37 3061 58 85.0 0.17 2.86 318  [22]
K /P38 1.13 1.64 3664 83 121.9 0.17 3.16 328 [22]
IKIANAN 1.13 0.94 2100 27 40.0 0.17 231 299 [22]
IKIANEEEN 1.13 1.37 3061 58 85.0 0.17 2.77 318 [22]
IKIANAN 1.13 1.64 3664 83 121.9 0.17 2.86 328 [22]
KRR 1.13 0.94 2100 27 40.0 0.17 226 299 [22]
IR /EMR 1.13 1.37 3061 58 85.0 0.17 2.75 3.18  [22]
IK/BEAR 1.13 1.64 3664 83 121.9 0.17 3.00 328 [22]
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Continued
KIPVCHRL 2.50 1.13 5611 88 26.0 0.84 292 358 [23]
AKIPVCHT 2.50 224 11122 344 102.3 084 419 406 [23]
KIPVCHL 2.50 437 21698 1310 389.3 0.84 579 463 (23]
R Z/Matd 1.20 1.98 4469 246 166.7 0.37 3.33 339 [24]
A /KR 1.20 2.80 6320 492 3333 037 333 363 [2]
AR Z ARt 1.30 243 5929 400 230.8 0.43 269 358 [24]
A /KR 1.10 243 5017 338 272.7 031 227 347 [24]
NaCL# (200 g/ly/ 4547 1.25 0.99 1798 33 40.0 021 199 289  [25]
NaCLI (200 g/ly/ A4 1.25 1.40 2543 67 79.9 021 275 306 [25]
NaCLI (200 g/ly/ A4 1.25 171 3106 100 1192 021 320 317 (29
NaCLIE(50 g/l)/ AHE4N 1.25 0.99 2392 33 40.0 021 213 306 [25]
IR 1.25 0.99 2458 34 40.0 021 228 307 (23]
KIA AR 1.25 1.40 3476 67 79.9 021 275 325 121
IRIAAR 1.25 1.71 4245 100 1192 021 313 337 [29]
/K/PMMA 1.13 1.23 2741 47 68.2 017 250 312 [26]
BRIGE/ AR 0.75 0.93 2300 43 58.8 0.18 4.00 3.02  [27]
K/ 031 261 2084 59 1127.3 0.01 347 294 (271
KB 0.39 3.29 3208 118 1421.9 002 407 320 [27]
K/ 0.44 3.71 4258 171 1580.0 003 420 336 [27]
KB 0.49 4.00 5057 219 1669.4 003 430 347 [27]
K/ 0.53 428 5833 271 1773.3 004 440 357 [27]
K/ 0.39 329 3298 118 1421.9 002 318 320 [27]
IR i 0.44 3.71 4258 171 1580.0 0.03 345 336 271
K /g 0.49 4.00 5057 219 1669.4 0.03 379 347 [27]
UNLT 0.53 428 5833 271 17733 004 391 357 [27]
KIT B3 031 261 2084 59 1127.3 0.01 315 294 (271
KR He % 0.39 3.29 3208 118 1421.9 002 356 320 [27]
KIT TR Y% 0.44 3.71 4258 171 1580.0 0.03 382 336 [27]
KIZERAT 4% 0.49 4.00 5057 219 1669.4 003 410 347 [27]
KIT TR Y% 0.53 428 5833 271 1773.3 004 424 357 [27]
KIEER 1.50 0.50 213 26 8.5 076 220 195 [28]
/AR 1.50 1.00 427 102 34.1 0.75 2.50 217 [29]
i AR 1.50 1.50 641 230 76.7 075 260 233 [29]
/AR 1.50 2.00 854 410 136.4 0.75 2.70 246  [29]
I AR 1.50 250 1067 641 213.1 075 300 256 [29]
K(SDS 100 ppm)/ A4 1.01 1.00 2112 27 50.5 013 216 299 [30]
7K(SDS 1000 ppm)/ AR 454R 1.04 1.00 2112 28 49.2 0.14 262 299 [30]
KA 1.03 1.00 2112 27 49.7 0.14 215 299 [30]
7K s 031 261 2084 59 11273 0.01 265 294 [30]

DOI: 10.12677/ijm.2019.81001 9 VAEZT T


https://doi.org/10.12677/ijm.2019.81001

R &

6 T
(0]
=) _
g
c 99
2 0
T .
3 4
i ] @ o o
5 RS &QO 0 00
o 34 o d@ oo O
= 690
S o
P <
8 ] O
a o2
%)
g 14
3
£
3
s 0 r T T I r T T T T T T
0 1 2 3 4 5 6
Maximum spreading coefficient experimental value
Figure 1. Comparisons between experimental and calculated values of f,,,x
B 1. Brax B SEIEEFITT BAERIXTEE
X SCERBURE BT AL EE, S5 Re™ F B 13 BN R 2):
B = 0.627Re" (35)
HRAR RPN A KB3) L EES-
7 T
| | Equation y=a*
() Adj. R-Square 0.57467
3
o 6 - Value Standard Error
> Maximum spreading coefficie ' a 0.62679 0.01194 u
k7 1 | nttestvalue
£s.
c
q) -
(s
£ 44
[0
Q J i
(8]
2 3-
5
S
o
o 24
%)
E -
3
£ 14
=
g -
0 T T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8

Re”0.2

Figure 2. Experimental Value of §,,, and Re? Fitting Figure
[E] 2. Brax SEIREFN R HUAE

DOI: 10.12677/ijm.2019.81001 10 VAETIS


https://doi.org/10.12677/ijm.2019.81001

IR &

5. &t

1) ST LA B T 1 I R e, M ARt PR EE R SN, A5 ORI R R BB IR K R,

RKEAAYPAPYEE L, BA R

2) I SIS HAERIXT L, T RAE SRR A B R R S

SE

(1]

(8]

(9]
[10]
[11]

[12]

[13]
[14]

[15]
[16]

[17]
(18]
[19]
[20]
(21]

[22]
[23]
[24]

[25]

[26]

Chandra, S. and Avedisian, C.T. (1991) On the Collision of a Droplet with a Solid Surface. Proceedings: Mathematical
and Physical Sciences, 432, 13-41.

Scheller, B.L. and Bousfield, D.W. (1995) Newtonian Drop Impact with a Solid Surface. AIChE Journal, 41,
1357-1367.

Pasandideh-Fard, M., Qiao, Y.M., Chandra, S. and Mostaghimi, J. (1996) Capillary Effects during Droplet Impact on a
Solid Surface. Physics of Fluids, 8, 650-659. https://doi.org/10.1063/1.868850

Kwon, T.J. (2003) Simulating Collisions of Droplets with Walls and Films Using a Level Set Method. Purdue Univer-
sity, Purdue.

Clanet, C., Béguin, C., Richard, D. and Quéré, D. (2004) Maximal Deformation of an Impacting Drop. Journal of Flu-
id Mechanics, 517, 199-208.

Ukiwe, C. and Kwok, D.Y. (2005) On the Maximum Spreading Diamater of Impacting Droplets on Well-Prepared
Solid Surfaces. Langmuir, 21, 666-673. https://doi.org/10.1021/1a0481288

Roisman, 1.V. (2009) Inertia Dominated Drop Collisions. II. An Analytical Solution of the Navier-Stokes Equations for
a Spreading Viscous Film. Physics of Fluids, 21, 052104. https://doi.org/10.1063/1.3129283

Eggers, J., Fontelos, M., Josserand, C. and Zaleski, S. (2010) Drop Dynamics after Impact on a Solid Wall: Theory and
Simulations. Physics of Fluids, 22, 062101. https://doi.org/10.1063/1.3432498

Meh, T, poESs, ZERIVE. ORIR A K SECE BT L[], #3aEH, 2013, 62(20): 204702,
A2 KBE. R EE SN 72 AR BT 72 [D]: [ 22408 50). dERT: F E A k2, 2015.

Lee, J.B., Laan, N., de Bruin, K.G., Skantzaris, G., et al. (2016) Universal Rescaling of Drop Impact on Smooth and
Rough Surfaces. Journal of Fluid Mechanics, 786, R4.

Huang, HM. and Chen, X.P. (2018) Energetic Analysis of Drop’s Maximum Spreading on Solid Surface with Low
Impact Speed. Physics of Fluids, 30, 022106. https://doi.org/10.1063/1.5006439

I VRO R IR ) RE B (D). 12T AT, 2018, 7(4): 121-125.

Hiemenz, K. (1911) Die Grenzschicht an einem in den gleichformigen Flussigkeitsstrom eingetauchten garaden Kreis-
zylinder. Dinglers Polytech. J, 326, 321.

Ki#h, B RTERA D22 M), st S5 E0E Hiktt, 2009.

Frossling, N. (1940) Verdunstung, Warmetibertragung und Geschwindigkeitverteilung bei Zweidimensionaler und Ro-
tationssy mmetrischen Laminarer Grenzschichtstromung.

RRT, VLIS, Q. AL L = ). 1R, 46(1): 343-381.

HEEAE BAZHEBM] dbat: Blaebit, 2017.

Al E. R R 5 HE T [D]: [t 228 5T, MR W RIE TR K2, 2013,

ERSESE, SOEEN, PLAESE, SE. WO AR T R AR SEIR B AT [T]. MIERAEAR, 2012, 61(18): 295-300.

W, R, FE, SF. AR EAREOR 7 R K B T S A R M SL IR W L (D). TARE I A4, 2014, 35(1):
91-94.

SR, BRR, RS, A FSREUKR R 22T NS i 73], SR T RERHERIR, 2015, 49(1): 288-293.
Y, BEEE, BREF. B e o AR T AR R L[], RN TR S T2, 2008, 24(5): 390-394.

WA, SR, BREA. MR A AC R Bl R SIS i T S A 1 0], TR E AR LA AR, 2017, 38(9):
70-74.

FONCNE, PREESS, PLMESE, S, KR ol [ O RE i 22 AR P SEIR BT AL (D). TREIAEL A4, 2015, 36(7):
1547-1552.

PRT, BIRR, 7, S W0 b A LIS A B A S AEUE BT TE[T]. TREEIRLRIHT, 2014, 42(3): 39-43.

DOI: 10.12677/ijm.2019.81001 11 VAEZT T


https://doi.org/10.12677/ijm.2019.81001
https://doi.org/10.1063/1.868850
https://doi.org/10.1021/la0481288
https://doi.org/10.1063/1.3129283
https://doi.org/10.1063/1.3432498
https://doi.org/10.1063/1.5006439

R &

[27] Ford, R.E. and Furmidge, C.G.L. (1967) Impact and Spreading of Spray Drops on Foliar Surfaces. Society of Chemical
Industry, London, 417-432.

[28] Chandra, S. and Avedisian, C.T. (1991) On the Collision of a Droplet with a Solid Surface. Proceedings of the Royal
Society A, 432, 13. https://doi.org/10.1098/rspa.1991.0002

[29] Bhola, R. and Chandra, S. (1995) Freezing of Droplets Colliding with a Cold Surface. ASME HTD, Vol. 306, 181.

[30] Pasandideh Fard, M., Qiao, Y.M. and Chandra, S. (1996) Capillary Effects during Droplet Impact on a Solid Surface.
Physics of Fluids, 8, 650-659. https://doi.org/10.1063/1.868850

1
Hans X
SRR R BB AT 3K
1. FTHF%0M T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD

TRIFIRAEESE: [ISSN], AT ISSN: 2325-498X, BRI £

2. FTHEIME T http://cnki.net/
FEN I BROSCRREE” BEN, BN SCERRE, B

eAmiE S http:/www.hanspub.org/Submission.aspx

FATIHEAS . iim@hanspub.org

DOI: 10.12677/ijm.2019.81001 12 VAEZT T


https://doi.org/10.12677/ijm.2019.81001
https://doi.org/10.1098/rspa.1991.0002
https://doi.org/10.1063/1.868850
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:ijm@hanspub.org

	The Maximum Spreading Factor of the Droplet Impacting the Horizontal Surface
	Abstract
	Keywords
	液滴碰撞水平壁面的最大铺展系数
	摘  要
	关键词
	1. 引言
	2. 假设模型
	2.1. 无纲量参数
	2.2. 跌落过程
	2.3. 碰撞过程
	2.4. 铺展过程

	3. 理论推导
	3.1. 粘性耗散
	3.2. 三相线耗散
	3.3. 铺展速度
	3.4. 最大铺展系数

	4. 数据验证
	5. 结论
	参考文献

