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Electric Charge on Sprayed oil Droplets V

(Electrification mechanism of sprayed oil droplets)

Ken MIYAGI*

The largest electric charges on sprayed oil droplets of a paraffinic and a napht-

henic lubricant and the specific electric conductivities of all lubricants used so

far in the measurements of the electric charges on droplets were measured. The

result of the electric charges showed no definite difference between the observed

largest charges on droplets for both lubricants. The result of the measurements

of the specific electric conductivities showed that the largest charge on sprayed

oil droplet was larger for the oil with larger electric conductivity.

On the basis of the fact, a hypothesis, the electrification of sprayed oil droplet

comes from the fluctuation of ion-density in oil. is proposed.

I. Introduction

In the previous paper, it was reported that the most of the electric charge on

sprayed oil dtoplet was generated in process of breaking up into droplets. And
2) 3)

in the other papers, it was reported that the observed largest charge on droplet

depends upon the kind of the oil used. For example, the observed largest charges

for corvus oil, alcaid oil, SAE 1fjW with additive and SAE 10\V without additive

were roughly7e, 6fje, 600e, and 20e, respectively (see Tablejl).

It seems that the difference between the observed largest charges for different

lubricant comes from both the additive in lubricant and the chemical structure

of lubricant or one of them. Therefore, first, in order to make sure of a definite

dependence of the largest charge on droplet on chemical strucsure of oil, electric

charges on the droplets having larger charge for a paraffinic and a naphthenic

lubricant manufactured by Nippon oil Co. were measured by Millikan's oil drop

method. Second, in order to investigate the effect of additive in lubricanton the

largest charge on droplet, the specific electric conductivities of the lubricants

used so far in the measurements of electric charges on droplets were measured.

II. Experimental

1. Measurement of electric charge on sprayed oil droplet

For a paraffinic and a naphthenic lubricant manufactured by Nipponoil Co., the

electric charges on droplets having large charge were measured by using Millikan's

oil drop method. The measured values of fall time td and rise time tu of droplet

were plotted in td-tu plane and the largest cherge of droplet was estimated

roughly in comparison with the theoretical curves represented by following equ-

ation:

*physics department
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w here
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viscosity of the air (= \.83xiCT4g/cm sec)

moved distance of droplet (=0«082cnO
density of the air C=0.001g/cc)

acceleration of gravity C980cm/sec2)

electric charge on droplet in esu

density of oil (=0-856 g/cc for paraffinic lubricant

=0*916 g/cc for naphthenic lubricant)
v

E : electric field strength = 300d
where V is the voltage applied to the electrodes and d is the distance between

them C=0.636cm).

Table 1. Densilv and viscositv of oaraffinic and naohthenic lubricant

d e n s i t y  ( g / c c )           v is c o s i t y  ( c p )

2 0 - c 3 0 - c 4 0 - c 2 0 - c 3 0 - c      4 0 ' c

p a r a f f in i c  l u b r i c a n t  |   0 . 8 5 9 0 . 8 5 2 0 . 8 4 6       7 0 4 4 - 2 8

n a p h t h e n ic  l u b r i c a n t     0 . 9 1 9 0 . 9 1 3 0 . 9 0 7        6 1 3 8 2 1

2. Measurement of specific electric conductivity a of oil

For the measurement of specific electric conductivity of oil, a fixed resistance

5QMS and two electrodes of 160cm2 in area and 0.07cm in distance were connected

Fig, 1 Electrical circuit for measureing specific electric conductivity

of lubricant,
A : electrodes? B : 50M2resistance C : dry cell

E : valve electrometer F : DC voltmeter

with a dry cell in series (see Fig.'] ). And when the space between twoelectrodes

was filled with lubricant and the circuit was closed, the voltage appling to the

resistance and the voltage of dry cell were measured by a valve electrometer and
a DC voltmeter, respectively. The resistance and the specific electric conductivity

of lubriacant were calculated from these voltages (see Table jl). The voltage of
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Fig.2 Electrodes

dry cell was \.57V and that appling to the resistancewas 0.02V when they were

not filled with any oil. It seemed that the latter was due to the leakage current

passed through the insulators attached to the electrodes.

I . Results and discussion

The results of the mesurements of large charges on droplets of the paraffinic

Fig.3 td and tu of paraffinic lubricant's

droplets at 22.3°C and loOOV.

O : positively charged droplets

•E : negatively charged droplets

Fig.4 Id and In of naphthenic lubricant's

droplets at 24°C and lOOOv.

O : positively charged droplets

•E : negatively charged droplets
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and the naphthenie lubricant are shown in Fig. 3and 4. There is some difference

between the largest charges for these two lubricants, but thedifferenceis not so
large as the differences between the largest charges of the paraffinic and the

naphthenie lurbricant groups which were measured before. The difference might

decrease when the number of measured droplets were increased. Therefore, it ts

not sure whether the difference depends on the difference in chemical structure

of the main constituents of two lubricants or not.
The results of the measurements of specific electric conductivities are shown

in Table \ and fl|. The relation between the specific electric conductivity and

T a b l e  fl .  S p e c i f i c  e le c t r i c  c o n d u c t i v i t y  a n d  o b s e r v e d  l a r g e s t  c h a r g e

   e le c t r ic  s p e c if i c e l e c t r i c  o b s e r v e d l a r g e s t    r e s i s t a n c e ( 2 )  c o n d u c t i v i t y  ( j j/ c m )  c h a r g e ( e )

S A E l O W  3 . 4 / 1 0 '  1 . 3 x l O - '-   6 0 0

S A E  2 0 W 6 . 4  1 0 6 6 . 8 x  1 0 - "               4 5 0

S A E  3 0  w i t h  a d d i t iv e

S A E  4 0

S A E  5 0

1 . 9 x l O ?

2 . 4 x l O '

2 . 3 x l O 7

2 . 2 x  1 0 - "

1 .8 x l O - ; |

1 . 9 x l O - '

4 0 0

3 5 0

3 5 0

S A E  l O W , 3 0 , 4 0  a n d  5 0 !                       I

w i t h o u t  a d d i t i v e
I ^ ^ ^ ^ H I 2 0

n a p h t h e n i c  l u b r i c a n t

7 . 8 .  1 0 " 5 . 6 x l O - "

S A E  2 0 W
M M M H H H I M ^ ^ ^ ^ ^ ^ M  II  ̂ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H

w i t h o u t  a d d i t iv e 1 0

p a r a f f i n i c  lu b r ic a n t

c o r v u s  o i l > 1 0 ' 4 . 7 x  1 0 - "      76 0

a l g o l  o i l 9 . 4 v l O '

a l c a i d  o i l 1 . 8 :  1 8 ｻ 2 . 5 x l O "

6 . 9 ;' 1 0 - "

7 . 2 x  I O - "

8 0

8 0

4 5

w i n t e r  b l a c k 6 . 3 x l O '

u r s a  o i l 6 , I y lO "

T a b l e  | .  S p e c i f i c  e l e c t r i c  c o n d u c t i v i t y  a n d  o b s e r v e d  l a r g e s t  c h a r g e

o f  t h e  m i x e d  o i l  m a d e  b y  a d d i n g  S A E  I Q W  w i t h  a d d i t i v e  t o  S A E

i n W  w i t h o u t  a d d i t i v e .

e l e c t r ic s p e c i f ic  e le c t r i c      o b s e r v e d  l a r g e s t

r e s i s t a n c e  ( Q )    c o n d u c t i v i t y  ( j j / c m ) c h a r g e  ( e )

1                             I

7 . 8 / 1 0 9 5 . 6 x l O - "

3 . 2 x l O - "

2 0

4 5

1 . 4 x l O " 1 2 0

  5 . 7 x l O ?   2 . 4 " 1 0 7

1 0 0 #  3 . 4 y l O s

7 . 6  - 1 0 - "

1 . 8 x l O - "

1 . 3 x l O - "

1 6 0

4 0 0

6 0 0

the largest electric charge on droplet for every lubricant is shownin Fig. 5. From

the figure, it is found that the observed largest charge on droplet is larger for

the lubficanat with larger specific electric conductivity with a few exceptions.
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The fact, suggests that the amount of electric charge on sprayed oil droplet comes

from the fluctuation of density of charge-carriers that are contained in lubricant.

In order to explain the result of the measurement, the following assumption is

proposed :

"There are a large number of positive ions and the same number of negative

ions in lubricant and every ion is free from others."

1 } Specific electric conductivity of lubricant

As the ion behaves as a charge carrier in lubricant, the conductivity of lubricant

will be larger when there are much more ions in the lubticant.

It is found in Table j[ that the conductivity of lubricant is roughly proportional

to the amount of additive in lubricant. The fact shows that there are much more

ions in the lubricant with additive than in the lubricant without any additive, and

the number of ion is roughly proportional to the amount of additive in lubricant.

2 ") The electrification of oil droplet

Suppose that N ion pairs are distributed in lubricant of V in volume, and every

ion is monovalent. If m positive ions and n negative ions are foundinavery small

volume v in Vat the same time, the net electric charge in v will be Cm-n)e. The

probability that m positive and n negative ions will be found in v at the same

time is as follows :
P = NCm•E NCn.. C(V ~ i;)/V;i*N-<ia+n>•E (»/V)»+n •E

The values that must be given to m and n in order to makethecharge in v equal

toqeareqand0, Q+1 and 1,q+2 and 2 N and N-q, respectively.

Therefore, the probability that the charge quantity in v is (m-n)e will be as

follows:
«i=N

P = n~I'\Cm •ENCn •EC(v-l/)/V;j*N-(m+n>. (t;/V)»+*, (1)

m=q
n=o

where q=m-n.

Equation (l) shows the followings :
(a) When V, v and N are constant, P increases with decrease of q.

(b) When V ,v and p are constant, q increases with increase of N.

(a) means that the droplet with smaller charge such as eor 2e is more frequently

observed than one with larger charge forevery lubricant. Practically, more droplets

with smaller charge were observed when higher voltage was applied to the elect-

rodes of Millikan's apparatus than the dropets with larger charge when lower

voltage was applied. The result of the measurement of the small charge on droplet
4)

was reported before.
(b) means that the quantity of the largest electric charge on droplet for the

lubricant with larger electric conductivity is larger than that for the lubricant

with smaller conductivity. In order to see whether (b) agrees with the results
of the measurement or not, the values of q for various N were calculated by

equation (1). In the calculation, y=10"l2cc, p=5x10"5 and V= 1cc were used.
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because the mean value of the volume of droplets was about 10"l2cc, about 10*-10&
droplets were observed in the measurements of the largest charge on droplet for

every lubricant and 1cc is considered to be large enough volume in which there

are same number of positive and negative ions.
The solidcurve in Fig. 5is oneof qvs. N and it is drawn in such a way that

N = -jo14 coincides with a = 6 x 10-l3v/cm. Fig. 5shows that thecalculation curve

Fig.5 Specific electric conductivity dependence of the observed largest charge.

SAE 10W, 30, 40 and 50 without additive and naphthenic lubricant

SAE 20w without additive and paraffinic lubricant
a lgol oil 4: ursa oil 5: alcaid oil 6: winter black oil

SAE 40 with additive

SAE 30 with additive
S AE 10W with additive

8: SAE 50 with additive

10: SAE 20w with additive

Solid curve shows the dependence of calculated largest charge on

the number of ion pairs N at the probability 5 xl0~5.

represents the result of the measurement, that is, (b) agrees with the result of

the measurement.

From the above, it is shown that the equation ( 1 ) explains the electrificationof

oil droplet satisfactorily. Therefore, it is concluded that "the electrification of

sprayed oil droplet is due to the fluctuation of ion-density in lubricant."

Besides, it is suggested that the hypothesis should be extended to the

electrification mechanismof droplet of anykind of liquid, because equation( 1 )has

no restriction that it should be applied to lubricant only.



16 Bull. Science & Engineering Div., Ryukyu Univ. (Math. & Nat. Scr)

Reference

1 ) K. Miyagi : Bull Arts and Sci. Div., Ryukyu Univ. (Math, and Nat. Sci,)9(1966) 41-

2) K. Miyagi : Bull Arts and Sci. Div., Ryukyu Univ. (Math, and Nat. Sci.)8(1965) 12-

3) K. Miyagi : Bull Arts and Sci.Div., Ryukyu Univ. (Math, and Nat. Sci.)10(1967) 1.

4) K. Miyagi : Bull Arts and Sci. Div., Ryukyu Univ. (Math, and Nat. Sci.)6(1963) 3-


