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ELECTRIC MOBILITY
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LAGRANGIAN METHOD

Eulerianmethod:

reference system tied to the instrument

(a riverbank frame).

Lagrangiammethod inhydrodynamics:

reference system drifting downstream

(a drifting raft frame).

Lagrangiammethod inDMA theory:

reference system drifting with particles
as influenced simultaneously by
air flow and electric field

(a powered boat frame).
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A THEOREMABOUT MONOMOBILE AIR ION CONCENTRATION

1. From Eulerian positian

charge conservation & convection current

) . . 0 i
a_fz—duw & J=Vinp = a—f?Pd'VJ‘Viongradp

2. From Lagrangian position

dp — complete differential in a point drifting along Wwigir ions.

dp _0 :
d_[:[) = a_[:[) * Vion gradp =P dIVVion
Vion = Vg tZE = divv,,, =divvy, +zdive=z"®
8O
Equation:% = —Ep2 Solutiop:= pT
t €. 1+ P, ¢
8O
I L Lp, " : £,
Autodilution factor:1+ t Critical timet, =
8O ZpO
Example: 10 single-charged particles per ccm

Z=1cnfV st
t,=5.5s



EFFECT OFSPACE CHARGE

S auto- e

Apparent Width of Inlet Split =
= Dilution Factorx Physical Width

Double-Broadening Limitp, Zt = €,

. ~d_d?
In a plain DMAZt =— =— and
E V
double-broadening maximum:
_ &gV _ &V
Pmax2 92 Nmaxe = @

Example:d=1cm &V=1V = Nnae= 550000 cm

Total yield of particles in a cylindrical DMAIN d2 L1V,
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EFFECT OFMOLECULAR DIFFUSION

Alternative theoretical models:
1) Eulerian  — Fick equation
2) Lagrangian — Brownian motion

1. TOF (Time Ot Fiight) Spectrometer. lons are drifting in
uniform electric field in calm air. Distance is givand time
IS measured. Metrological quasiequivalent: timeiveg and
distance is measured.

Distanced = ZEt relative error f5 = E;.

As shown by Einstein, Brownian deflection of thetdnce is
distibuted according to Gauss law with a standardadion

of
Oy4 = /th :
q

Distance can be expresseddas + ZVt. It follows

Oy 2KT

=F qVv
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2. Plain DMA.

......

..............

The effect of Brownian motion along the electridiis the
same as in TOF. It is combined with the effect of\Enian
motion along the air flow

G|=Gd = E|=O-I—d:%Ed
d?) 2kT
Eon= ([1+— |5
0 J( Izj av
or
2 2KT



3. Cylindrical DMA.

d — distance between electrodkesr, —ry
— relative length. =1 /d

R — flathesdk=r,/d

V — voltage

Vi d o

v v(r +y)

Re — Reynolds numbdre=

Critical mobility (independent of air flow profile)

L= VV—FEEfz(R) fz(R)=(%+len(1+é)

Brownian relative error (flat air flow pofile):

2KT ( 1 j
E, = — =|1+ f,(R
ZD Up Y, Mp (1+ 2R)? L2 z(R)
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MINIMIZATION OF THE EFFECT OF MOLECULAR DIFFUSION

2KT ( 1 1)
E-n = — =1+ f-(R
ZD Mp Y, Mp (1+ 2R)? L2 z(R)
vV Re
Z=—1F,(R
NB —Z is fixed.

— Increase in voltage: should simultaneouslyaase Ré/,
— Decrease ipp: limited resources, when increasing
should sinamieosly increase Ré/

FixedR & Re problem:V ~L = EZ; ~(L+ - 5 +1J
(1+2R)° L

1+ 2R

L. =
J1+(1+ 2R)?

opt

R L opt
) 1.00
1 0.95
0.5 0.89




EFFECT OFTURBULENT DIFFUSION
Er =H1g

¢ — a specific measure of turbulence intensity

Rough empirical model: & = ¢; ¥ Re- 1200
cr=0.0025 ?7??

L = 1H2R 1AL+ R)’ %_ 14 AR %
K (1+ 2R)? (1+ 2R)?

If R - o thenpr — 1+ L=,



DEPENDENCE ODIFFUSIVE BROADENING ON
CONSTRUCTIONAL PARAMETERS OFDMA

Function — a measure of mobility resolution:

L 1 1
es= = =
02”28, " 2 g5, +e5

Arguments — constructional parameters of DMA:
d — distance between electrodks r, —r;
L — relative length. =1/d
R — flathesk=r,/d
V — voltage

Re — Reynolds humbd&e= Vair @ e

voom(r +1p)

d has no effect on the critical mobility and thealeson.
Effect of R on mobility and resolution is weak.

Three essential argumentsV, and Re are related by one

constraint;

Vv Re
Z=—1F,(R).
v z(R)
Two free arguments could be:
L&V,
L & Re,

V & Re.
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Program DifResLR; {H. Tammet, Dec 1995}

CONST
k_div_q = 8.617E-5; {Boltzmann div elementary cha
In10 = 2.302585;

LI : array [1..5] of real = (0.5, 1 , 2,
VI : array [1..5] of real = (1, 10, 100, 10
Rel : array [1..5] of real = (75, 300, 1200, 24

{GLOBAL} VAR

T, {temperature : K}
visc, {air kinematic viscosity : cm2/s}
ct, {dimensionless coefficient of the turbulen

R, {dimensionless flatness r1 / (r2 - r1)}
L, {dimensionless length |/ (r2 - r1)}
Re, {Reynolds number}

V, {voltage : V}

Z, {mobility : cm2/Vs}

mD, {dimensionless coefficient for molecular d
mT, {dimensionless coefficient for turbulence}
fZ: {curvature factor in the expression of mob
real;
i, ] . integer;

f:text; {table of resolving power}
name : string; {name of the file for table}

rg : VIK}

4, 8);
00, 10000);
00, 9600);

ce model}

iffusion}

lity)
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Function Res : real;
Var
a, b, p,q,sd, st:real;

Begin
p=1+R;q:=p+R;
mD:=(1+1/sqr(q)+1/sqr(L)) *fZ;
sD:=sqrt(mD*2*k div.q*T/V),
a=1+sqgr(2*L*p/Qq);
b:=1+sqgr(2*L*R/Q);
mT :=q*(@a*sqrt(a)-b*sqgrt (b)) /(6 *sgr (L));
if Re <=1200
thensT =0
else sT := mT * ct * sqgrt (sgrt (Re - 1200));
Res := 0.5/ sqrt (sqgr (sD) + sqr (sT));
End;
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BEGIN {Z*V*L =visc
name = "\a\lr0";

T :=293;
visc := 5.5E-6 * exp (1.8 * In (T));

ct :=0.0025;
R:=1;
Z :=0.5;

fZ:=(05+R)*In(1+1/R);
assign (f, name + ".tab’); rewrite (f);

fori:= 0 to 40 do begin
L :=exp (In10 * (i - 20) / 20);
write (f, L:9:3);

forj:=1to 5 do begin
Re := Rel [j];
V:=visc*Re*fZ/(Z*L),
write (f, Res:9:3);

end,
writeln (f, Y
end,;
V :=1000;
forj:=1to 5 do begin
Re := Rel [j];

L:=visc*Re*fZ/(Z*V);
writeln (f, L:9:3, Res:54:3);
end,;

close (f);
writeln (name, ' OK"); readin;
END.

* Re * {2}
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Factor f,(R) = @ + R) |n(1+é)

In the equation of cylindrical DMA critical mobiit

MOBILITY FACTOR

V Re
Z=—"F(R
o 2R
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MOLECULAR DIFFUSION FACTOR

100 #

10 +

0.1

RELATIVE LENGTH

Factor of molecular diffusion

Ho = (“ (1+12R)2 ' lej (R
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10 i

—>=R=0.1
=0=-R =0.3
=R =1

=+=R =100

TURBULENT DIFFUSION FACTOR
&

0.1 1 10
RELATIVE LENGTH

Factor of turbulent diffusion

_1+2R AL%(1+ R)? % 41°R? %
Ht = > (1t 2 -1+ 2
6L (1+ 2R) (1+2R)
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| =4

30
i =o=Re = 75
="=Re = 300
==Re = 1200
=t=Re = 2400
Qg0 " . —x=Re = 9600 | |
N x_xﬁ%ﬁ-x-xrf-x-x-x.x ‘+\ e 1000V limit
L+ +\
9 [ e =N Ty \+\
lé l _-'... .." ‘\\s
210 T W . ¥
o - - +‘+ O
[] = - Oun) Omd ‘l‘ - = [] .
P cact iR RRRRR e St e -
0 -
0.1 1 10
RELATIVE LENGTH
Res =f(, Re)
Parameter Value Comment
Ct 0.0025 standard value
R 1 standard value
7 0.5 cnfV st standard value
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==Re =75
=0=Re = 300
=—=Re = 1200
=+=Re = 2400

=X=Re = 9600 [
e 1000V limit

RESOLUTION Z/AZ

d

0.1 1 10
RELATIVE LENGTH
Res =f(, Re)
Parameter Value Comment
Ct 0.001 40% of standar
R 1 standard value
7 0.5 cnfvV st standard value
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RESOLUTION Z/AZ

60

- |=o=Re =75
_|=0=Re =300

—t=Re = 1200
" |=+=Re = 2400
40 X=Re = 9600
e 1000V limit

0.1 1 10
RELATIVE LENGTH
Res =f(, Re)
Parameter Value Comment
Ct 0.0025 standard value
R 1 standard value
7 0.1 cnfVst | 20% of standard
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RESOLUTION Z / AZ

—>=Re =75
=0=Re = 300
=2=Re = 1200
=+=Re = 2400
=Xx=Re = 9600

>

e 1000V limit

*
=0

| =4

’

0
0.1 1 10
RELATIVE LENGTH
Res =f(, Re)
Parameter Value Comment
Ct 0.0025 standard value
R 0.1 10% of standar
7 0.5 cnfV st standard value
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RESOLUTION Z /AZ

—o>=Re =75
=0=Re = 300
==Re = 1200
=+=Re = 2400
=x=Re = 9600

e 1000V limit

| =4

0.1 1 10
RELATIVE LENGTH
Res =f(, Re)
Parameter Value Comment
Ct 0.0025 standard value
R 100 flat DMA
7 0.5 cnfV st standard value
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RESOLUTION Z / AZ

30

. A3

20 X}-MX'X.X
+ /

- =X==\/ = 10000
+Z e Re =1200 limit

—=V =1
==V = 10
SV = 100
/ =+=V = 1000

| =4

0.1 1 10
RELATIVE LENGTH
Res=f(,V)
Parameter Value Comment
Ct 0.0025 standard value
R 1 standard value
7 0.5 cnfvVis? standard value
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RESOLUTION Z / AZ

30 [

| |=>=L=0.5
L =o=L=1
==L =2
r|=t=L=4
20 7—-x—|_:8

® Re =1200 limit

| =4

10 100 1000
VOLTAGE
Res=fy,L)
Parameter Value Comment
Ct 0.0025 standard value
R 1 standard value
7 0.5 cnfvVis? standard value
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30

| =4

- |==L=05
o= =1
I -y =D
| |t =4
'21‘ 20 | |=X=_=8
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Res =f (Rel)
Parameter Value Comment
Ct 0.0025 standard value
R 1 standard value
7 0.5 cnV st standard value
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RESOLUTION Z / AZ

30 [

oy =1

r|=o=V =10

- [==V =100

- |=+=V = 1000
=X=\/ = 10000

| e L=1 limit

| =4

100 1000 10000
REYNOLDS NUMBER
Res =f (ReV)
Parameter Value Comment
Ct 0.0025 standard value
R 1 standard value
7 0.5 cnfvVis? standard value
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Res =fV, Re)
Parameter Value Comment

Ct 0.0025 standard value
R 1 standard value
7 0.5 cnfV st standard value
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