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Table 1  Amount of each raw material in the emulsions

FURTE m(AMBEEREL) /g m(FEIBAK) /g VO /L
1* 6.54 41 20
2" 21.8 41 20

2 Z#R54%
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Fig.3  Morphology of water droplets in the initial stage
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Fig.4 Maximum droplet size at different times when the

interfacial tension is 18 mN/m
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Fig.5 Water droplet distribution on the fiber
surface at 1 min and 3 min when the

interfacial tension is 18 mN/m
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Fig.6  Maximum droplet size at different times when the

interfacial tension is 8 mN/m
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Fig.7 Water droplet distribution on the fiber
surface at 1 min and 7 min when the

interfacial tension is 8 mN/m
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Fig.8 Comparison of maximum droplet size for

different interfacial tensions
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Fig.9 Diagram of droplet shape
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Table 2 Size parameters and number of water droplets
with maximum particle size
FUR KSR BERE KEARY BEEmRY K
W OKiAR D/um B H/pm pm’ pm? A
1* 41.45 26.71
2# 13.58 11.02

5.46 x10* 6.17 x10° 7.49 x 108
2.25 x10% 7.59 x10%> 1.82 x 10"

3 MG W) B AT B Ak
Table 3  Quantity and total number of the

surfactant molecules

FLRW REWEHEAN/g PIBA R/ mol 4 F S/
1* 6.54 5.5%x1073 3.3 x10%
2# 21.8 1.8 x1072 1.1 x10%

it DA B 15 3] 1R 27 LR R &5 e s
S FORAR K B T FR P 2 TV 390 o3 50 il Ry
7.14 x 10°* 4~/ pum’ f1 7. 95 x 10° 4~/ pum’ . 78 HAh 5%
PARAE AL AR FE T PR & S 1 273
TRV A e AL AR 7K T AN TR AR B A )05 P 7] o0 2
FEADRFE—3, 25 53R IR B A7 T R 2R T 1
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TS PR 58 AL T AR e A K & A SR 2
1728, LR A AR T L AN BRI
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Fig. 10  Shedding of water droplets at different
critical flow rates when the interfacial

tension is 18 mN/m
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Fig. 11  Model of a water droplet that breaks away
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Table 4 Parameters related to kinetic energy and critical
fracture area of the detached droplets when the
interfacial tension is 18 mN/m
Ao HAR s is I S
Do/ pm m/kg  v/(mm-s™")

I 5 54
AL S/ m?
7.14x10°1 0.20

Bifie E/]

53.83  8.21x10°M 13.2
45.69  4.99 x10~" 26.0 1.68 x10~'  0.47

36.43 2.53x10° ! 39.7 1.99 x 10~ 0.55
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Fig. 12 Shedding of water droplets at different critical flow

rates when the interfacial tension is 8 mN/m
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Table 5  Parameters related to kinetic energy and critical
fracture area of detached droplets when the

interfacial tension is 8 mN/m

MAoHAR  Fiims IWREE HfEEs IERER
D,/ pm kg o/ (mmes™") J AL S/ pm?
44.52  4.62x1071 13.2 4.02x10°5  0.252
27.16  1.04x10°"  19.9  2.05x10°'5  0.128
16.12  2.19x107'2 26,0  7.41x107'  0.046
1213 9.35%x10°% 33,1  5.12x10°'®  0.032

9.99  5.21x10°®  39.7  4.11x107'  0.026
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Effect of petroleum sulfonate on water droplet coalescence and
shedding on glass fibers

DENG Pengkei LI FangJun KANG JingXin CAO JiaMing FENG LeHui

(College of Mechanical and Electrical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Previous studies of water droplet coalescence and shedding on fiber surfaces have mostly involved quali-
tative analysis. Relevant experimental data are still lacking, and the influence of various factors on the processes re-
mains unclear. In view of the above problems, a visual microfluidic channel experimental system was built. Two e-
mulsions with different interfacial tensions were prepared by adding petroleum sulfonate to an aviation kerosene-
water system. For different interfacial tensions, the coalescence and shedding of water droplets on a glass fiber sur-
face were observed, and the main factors affecting the coalescence and shedding of water droplets were identified.
The results showed that for an interfacial tension of 18 mN/m, the maximum droplet size increases rapidly in the
first 3 min, and grows slowly after 3 min. For an interfacial tension of 8 mN/m, the growth of the maximum droplet
size in the first 6 min is relatively slow, and the maximum droplet size remains essentially constant after 6 min, with
the water droplets unilaterally distributed in the initial stage of coalescence. The number of surfactant molecules per
unit area of water droplets has a saturation value. When the saturation value is reached the water droplets are com-
pletely surrounded by surfactant molecules, which restricts coalescence with other water droplets. For an interfacial
tension of 18 mN/m, the flow velocity is the main reason why water droplets break and fall off. For an interfacial
tension of 8 mN/m, the breaking and shedding of water droplets is not only affected by the flow velocity of the flow
field, but also depends on the amount of surfactant.

Key words: glass fiber; petroleum sulfonate; coalescence; water droplet shedding; droplets fracture



