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The streaming current, Is, is due to the charge 

density and velocity of the fluid over the 

double layer. 

See table 7-2 (page 314) 
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Solids Streaming Current 

Charging of solids depends on type of 

operation such as sieving, pouring, grinding, 

micronizing, sliding down an incline, or 

transport. 

See Table 7-3 (page 315) 
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Charge on a Streaming Current 

tIQ s

Charges can accumulate as a result of a 

streaming current dQ/dt = Is.  Assuming a 

constant streaming current, 

This equation assumes that the system starts 

with no accumulation of charge, only one 

constant source of charge Is and no current or 

charge loss term. 
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Electrostatic Voltage Drops 

RIV S
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Energy of Charged Capacitors 

Capacitance = C = Q/V 

Voltage of a capacitor:  V = Q/C 

Work to a charged capacitor 

  dQ
C

Q
dQVdJ

222

22 VQVC

C

Q
J 

C: [farads] 

V: [volts] 

Q: [coulombs] 
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Example 7-4 

Flow rate of 1gpm, the energy charged at nozzle 5.49×10-14J 

                                    the energy charged at tank 0.99mJ 

Flow rate of 150gpm, the energy charged at nozzle 117J  

                                        the energy charged at tank 8.45×107J 
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Capacitance of a Body 

 Parallel flat 
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See examples 7-5, 7-6, 7-7 
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Balance of Charges 

For systems with several inlet lines and 

several outlet lines 

   


Q
II

dt

dQ m

outjs

n

inis   ,,

 


Q
Q

V

F
I

dt

dQ m

c

j
n

inis   ,

10/23/2011 11 2010 Fall 



Balance of Charges – Special 

Cases 

Case: The flows, streaming currents, 

and relaxation time are constant 

teBAQ C

This equation is useful when the filling 

and discharging rates are sequential. 

Case: Filling a tank (one inlet, no outlet) 
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Example 7-9 

Charge buildup with toluene vessel 
J when the vessel fluid just reaches the overflow 

line; J=9.55mJ 

J under equilibrium; 4.22mJ 

Half time of equilibrium charge without inlet 

charge; 14.7 s 

Charge Dissipation 
Charge loss by relaxation 1.86×10-8 C/s 

Charge loss by the overflow 1.31×10-7 C/s 
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Scenario for explosion 

Mixture within flammability range 

Charges have accumulated: > 350 V 

Discharge energy > MIE Energies > 0.1 mJ 

hazards 

Preventive measures: must control all 

three factors 
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Controlling Static Electricity I 

General Design Methods (Prevent charge 
from accumulating to dangerous level by) 

Reducing the rate of charge generation (liquids) 

Increasing the rate of charge relaxation (liquids) 

Low-energy discharge design (powders) 

General Design Methods (Preventing the 
possibility of an ignition by) 

Maintaining oxidant level below the combustible 
level 

Maintaining fuel level <LFL, or >UFL 
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Controlling Static Electricity II 

Relaxation 
Enlarged section of pipe at entrance 

Bonging & Grounding 
Fig. 7-18, 7-19, 7-20, pp 333~336 

Dip Pipes 
Fig. 7-21, p. 336 

Additives 
Increasing conductivity 

Handling Solids  
Fig. 7-22, 7-23, p. 337, p.338 10/23/2011 17 2010 Fall 
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Controlling Static Electricity III 

XP (Explosion-proof) Housing 
Ex. Motor starter 

Classification of Area 
Class I: Flammable gas or vapor 

Class Ii: Same for combustible dust 

Class III: Combustible fibers or dusts, not likely to 
be in suspension 

Classification of Materials 
Group A~G 

Ventilation & Sprinkler System 
Home assignment, due on Fri), Text 7-4, 5, 11, 13, 25 10/23/2011 27 2010 Fall 


