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Charged and Tribological Characteristics of Cutting Fluid Droplets
for Electrostatic Spraying Lubrication

HU Zhiqgiang, KONG Kui, YAO Weiqiang, LI Zhongya, XU Xuefeng
(Key Laboratory of E&M ( Zhejiang University of Technology) , Ministry of Education & Zhejiang Province , Hangzhou 310014, China)

Abstract; The Accu-Lube LLB-2000 base oil was modified by sodium dodecyl benzene sulfonate to obtain the lubricants
suited for the electrostatic spraying lubrication, which had a higher conductivity. The charged performance of
conductivity-modified lubricants was detected by the method of target meshing, based on which the effect of cutting fluids
flow, time and load on the properties of the friction and wear were evaluated by using the four-ball friction wear testing
experiment. The result showed that the lubricants had a stable emulsified state and met the charged requirements
because its conductivity could reach 6.5 x 107> S/m when the concentration of surfactant was at 5% , the better
tribological characteristics can be obtained by electrostatic spraying lubrication compared with the normal spraying
lubrication at different flows and loads, especially getting more obvious at the flow of 5 ml./h and the load of 147 N.
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Figure 1  Electrostatic atomization
system for lubricants
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Figure 2 Schematic of the set —up for needle

electrode corona in the front of nozzle tip
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Figure 3 Diagram of the system for measuring

charge-to-mass ratio of electrostatic spray droplets
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Figure 4 Schematic of nozzle installation position
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Table 1  Conductivity of the lubricants
under different ratio of solution

I R LR/ T LR/
TRBUM R % (S-m™) RBUM % (S-m™)
1 7.7E-06 7 7.8E-05

2 1.6E-05 8 8.5E-05

3 1.9E-05 9 9.2E-05

4 2.4E-05 10 1.0E-04

5 6.5E-05 20 1.5E-01

6 7.0E-05 30 2.5E-01
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Figure 5 Charge-to-mass ratio of the droplets under
different air pressure and voltage at the flow of 10 mL/h
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Figure 6 Charge-to-mass ratio of the droplets under

different flows and voltage at the air pressure of 0.3 MPa
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Figure 7 Four-ball friction coefficient for two types of spray under different flows
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coefficient friction

98 N 147N

S 55 v

i R IBE 2

A9 HBAMMEETI B ARG W
Figure 9  Effect of load on average wear

scar diameter of steel ball

196 N 245N

B 10 REEAT T 6945 B 3T IR
Figure 10 Worn surfaces of tested steel balls under different loads

AT, 3 P T A DX A o5 45 E LR BG4 ik 1] B
SN T AR MEB A TV W L AR T
BCRAE— B P2 L AA Bl 55 o
3 #HiE

1) LB-2000 JERHIHAYHE FR/NTF 10 °° S/m, #hn0
TR ECN 5% W R 1S VERIE WS BT B
SEM) O/W BIFLR, LS HI RN 6.5 x107° S/m,
Tl FEfar K

2) FREmIZ TR AE - 20 KV B4R D BT
MG AE - 25 ~ —40 kV Z [RGB 3] K4 A9 fr FE AR
JFREE e EARSOR BT, [F— T, oy BT L il 2
25 Uit 1 PG R0/ )N o

3) VT VUL S A /NI e L X G i D P D EE
BEIG SR AR BB 0 T R B K, R 4B 3R T T 75

T VR VT A T R 5 L ) 3 RV M AR,
P, B AR P VR 1 R B P R AR M, DA 4
TE WM B A FHASCR, (1145 10 mL/h i () HL B 25
T AT LR 3] 20 mL/h 3 e S5 M 25 Vi) 3 11 Dk JEE
PERE
4) 55 55 WA E, R S T AT,
BRI S P SR OGR4 A 1, H:
AEDRT R T s BB S A8 58 5 55 o
S22k
[1] WEINERT K, INASAKI I, SUTHERLAND ] W, et al. Dry
machining and minimum quantity lubrication [ J]. CIRP Annals-
Manufacturing Technology, 2004 ,53(2) :511 - 537.
[2] HIAR RE®ERETEHNEHRI]. R LA S ,2007,38
(12) :66 - 70.
[3] BREEZRTARAEZARFEERR[I] KL TRZZHRK,



[#A%R - ']

AR, % BB EHRRENE BN ERE R

.41 -

2010,41(4) :60 - 64.

Bk dE R E R R A R[], WKL 4R ,2003,21
(1):31 -

WE, EEAE EhBaEORRE WS AR EENMR I A
2£37,2005,23(4) ;46 - 48.

AR Rl EE AT R[] FENARTA,
2002,13(7) ,552 - 555.

FRF. ww L H A T L B AR R R E AT
[J]. & EHLAH T4 ,2008,19(18) :2176 - 2179.

GGG S G S S O O P S S S S S s

(L#% 31 1)
FEOB N, BRI 25 B 2R IR B Y
KRBT RO MK T 4590 Pa,

SCEEAXONT 5 M 25 45 B 5 1 R 11 P DR 2R A T R A
W5, AL LS #E— 22 e S R 1A ) 2%

(8]

(9]

[10]

[11]

(7]

(8]

BHR,BRE A AAFREMALRELALI]. B %%
%,2000,22(1) ;37 -40.
SMITH D P H. The electrohydrodynamic atomization of liquids [ J].
IEEE Transactions on Industry Applicactions, 1986, 1A-22(3) ;527 -
535.
FHER, FHGNRE,E KEEEANEIM
I iR #,2007 ;33 - 34.
P EAW, e BREHA]
2008:71 -

I T

M. deog: B S #H R,

S S S G G S S S S S SO SO Wy

frame-type gas turbines to substantially lower pressure losses [ J].
Journal of Turbomachinery, 2003,125(1) ;128 - 132.

VOISIN A, TOWNSEND R D. Model testing of submerged vanes in
strongly curved narrow channel bends [ J]. Canadian Journal Civil

Engineering, 2002,29(1) ;37 -49.
BRM,EAF AR, E. FRARGAE A LLFRBR

S22 (3] &K 54 THHK,2000,42(1) :87 -95.

(1] Z5M, 4. EmAWEALEE TR R[I]. & (9] k4, A 90° 7R EE % A B th st x[J]. &
HLHE,2000,28(5) ;18 -21. J el 5 TR ¥ %4 ,2009,17(4) :566 -572.

(2] Mk, ARk, 248 F. R A 4 At E A 32 40 4 7 3 o E 1k [10] k&, s, SFA FREEE %R IR = Rk
[J]. #4 % & ,2005,34(2) :52 - 53. BEBLT]. A K F e B AR FA,1996,30(4) :440 - 445,

[3] KRR, B4 Z M E N H 4 B AR 30 e 1k [11] FXZx , @, Ahh BRRKEESERFOHHEEMNS @G
AR ] A 5 94 R ,2012,24(1) :57 - 60. fe[J]. ¥ w8 K% %4k ,2011,33(3) :139 - 143.

(4] B4k, A5, X W 316L R 440 %k W 49 K05 5 1 ik o R [12] HAFXR BEE,Ex L. FEELEFRFENHARI]. 7w
[J]. kT4 ,2005(10) ;42 -46. T & K ¥ 4%,2003,16(4) :56 - 60.

[5] Sh3tde %3 M. AN % B AT oy ik 2k 24T [13] YAKHOT V, ORSZAG S A. Renormalization group analysis of
H1T]. FEE S %4 ,2006,26(1) :43 —47. turbulence ;1 basic theory [ J]. Journal of Scientific Computing,

[6] RICHARD G, VIVEK S, CHENG D Y. A new tailpipe design for GE 1986,1(1) :39 - 51.

(3% 35 W) 575.

%%j{ﬁk [7] RAYLEIGH L. On the stability of jets[ J]. Proceedings of London

(1] 3R R BHAF R[], T E,2002,21(10) ;769 Mathematical Society,1878(1/10) :4 ~13.
772, [8] GRUNIG J. SKALR T. Liquid flow on a vertical wire in a

[2] FOURATI M, ROIG V, RAYNAL L. Experimental study of liquid countercurrent gas flow [ J]. Chemical Engineering Journal, 2010,

spreading in structured packings[J].
2012,80:1 - 15.

IR AR AR [M]. Aot b B A A, 1998.
ZHAO L, CERRO R L. Experimental characterization of viscous film

Chemical Engineering Science,

flow over complex surfaces[J].
Flow,1992,4(18) :495 - 516.
HATTORI K, ISHIKAWA M, MORI Y H. Stings of liquid beads for
gas-liquid contact operations [ J]. AIChE Journal, 1994, 40,1983 -
1992.

NUSSELT W. Die oberflachensation des wasser-dampfes [ J ].
Zeitschrift Des Vereines Deutscher Ingenieure, 1916,60 (4) :569 —

International Journal of Multipahse

(9]

[10]

(1]

[12]

164:121 - 131.

BRACKBILL J U, KOTHE D B, ZEMACH C. A continuum method
for modeling surface tension [ J].
1992,100(2) :335 —354.
Faid. Fluent A Fah 5 5 F L6 [M]. Jext: &
#2007,

FAAMG, Rk ok, T A . MR R R R O B0 R e B
MLT]. A T 54K ,2013,64(6) :1925 —1933.

R, NEXN RAEELRBLN E2mERT]. MAEH R
A ,2007,29(6) ;124 - 130.

Journal of Computation Physics,

R HIR



