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Introduction

For aerosol measurement instruments, there’s always an inlet
system to transport aerosols from a sampling location to the
analysor through some length of tubing, where aerosol particle

loss due to a number of mechanisms exists.

The inlet system with better performance is the one with less

particle loss and higher sampling efficiency.

Particle Loss Calculator(PLC) is a software which produces
graphs showing particle loss on Y-axis and particle size on X-axis

after inputting parameters of the inlet system.
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Theory and method

Particle loss mechanisms

inertial deposition:
inertial deposition: bend
contraction

super-isokinetic
sampling

/ inertial deposition:
turbulent inertial enlargement

deposition
. . diffusion
__________ el sedimentation
sub-isokinetic non-isoaxial transport tubing to the
sampling sampling -

instrument

sampling probe

Also include electrostatic deposition, thermophoreses, diffusiophoresis, interception
and coagulation. 5



Theory and method

Overall efficiency it

The ratio of the number concentration of particles
behind the tube and the number concentration of
particles in front of it.

77in|et (da) — Usampling (da) ' ntransport (da)

(Willeke and Baron,2005)



Theory and method

Sampling situations:

Isoaxial sampling Non-isoaxial sampling
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Theory and method

Sampling situations:

Non-isokinetic

R=U,/U

U,:local wind speed

U:flow velocity in the sampling probe

R>1,sub-isokinetic sampling
R<1,super-isokinetic sampling

Isokinetic sampling(R=1)

super-isokinetic
sampling
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sub-isokinetic non-isoaxial
sampling sampling

;sampling _probei )



Theory and method

Transport efficiency T]transport

The ratio of number concentration of aerosol
particles leaving the transport tubing to that of
those entering it.

ntransport (da) — H ( H 77tube section,mechanism (da))

tube sections mechanisms
(Willeke and Baron,2005)
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Theory and method

Transport efficiency 7ltransport
Diffusion efficiency 7} 4
Sedimentation 7/gray

Inertial deposition 77turb inert nbend,inert ncont,inert

inertial deposition:

super-isokinetic

! inertial deposition: bend
sampling contraction
———————————— e
ﬁ\\ " @._
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SESIER / inertial deposition:
- turbulent inertial enlargement
] deposition
. . diffusion
—fe— e --- - sedimentation
1
sub-isokinetic non-isoaxial transport tubing o the
sampling sampling by

sampling probe 10




Operation
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Parameters of the Sampling: Parameters of the Tubing:
- Sampling Orientation (l,,) - Flow Rate (U)
- Aspiration Angle 6 INPUT - Tube Length L
- Orifice Diameter d - Tube Diameter A (d)
- Flow Rate (U) - Tube Diameter B (d)
- Wind Velocity Uy - Angle of Inclination 6,
- Angle of Curvature 6,
1
i
Aspiration Transmission ; i
Efficiency Efficiency Diffusion I Sedimentation | Turbulent | Inertial Inertial
Inertial Deposition - | Deposition - |
Deposition | Bend Contraction |
Particle
o Eq. (3) !
b | P —
Eq. (20) Particle I
Loop Size |
| Sampling Transport Efficiency |
Efficiency
Loop Eq. (2) Loop l
I
I
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Inlet Efficiency Particle Loss Calculator
OUTPUT as function of 11

particle size




Operation

/[:] Particle Loss Calculator

Particle Loss Calculator

Max Planck Institute for Chemistry - Particle Chemistry Department
Sarah-Lena von der Weiden (2009)

4 4

Parameters of the Tubing: Logarihinic Seale 3cAds 1oy

Number of Tube Sections 7 % Logaithmic Seale; yaAxis
| Edit Parameters | | Load Parameters |

Grid, X-Axis | Major Only | v |

| Save Parameters | Grid, Y-Axis | Major Only \"]
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Parameters of the Sampling: Aerosol Parameters:
[¥] Account for Sampling Effects Particle Density, kyg/m*| 1000 Q
; : : r Shape Factor 1 =
Sampling Orientation | Downward Sampling \ﬂ ' v
Aspiration Angle, * |20 & Output Parameters:

Orifice Diameter, mm |10 [ Minimum Particle Size, pm j..U.‘U1 Q

Flow Rate, imin [10 N Maximum Patticle Size, pm 1:10 :

Wind Velocity, mis |3 : Number of Size Points | 300 8

/ Output Particle Loss (Whoie Ihief) ‘_ﬂ

Particle Loss Mechanisms: i

Hel Array of Curves:
Diffusion Sedimentation P Y
v
[¥] Turbulent Inertial Deposition Arrgy Ofor'r"rrr'"?s ] B
Inertial Deposition - Bend Variable | Tube Length

Inertial Deposition - Contraction Actlon! from |1 & 5

Laminar Fiow in Transition Regime : to 10
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Operation

E’j;rableo:No,ﬂowrate,tubelength,. s .
RS 0 =
No | Flow Rate, I'min | Tube Length, m Tube Diameter A, mm Tube Diameter B, mm Angle of Inclination, * | Angle of Curvature, ©
1] 4 0.05 10 10 0 O] (g
2 4 0.1 100 20| 45 0|[=
3] 4 0.1 20 5] o 0
4 1.2] 0.083 5] 10 0 0
5] 1.2] 0.05 10 10 90 45
6| 1.2] 0.033 100 3] 90 0
7] 3 1.2] 3| 3] 0 90| [v
£ l 111 ’ ‘ > ‘
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Validation

Experimentally determined particle losses:

number conc. of particles at tube exit
number conc. of particles at tube entrance

Experiment instrument:

particle loss(%)=(1— )-100%

instrument size range correction factor
Condensation Particle Counter
10nm-250nm 1.0094
(CPC,TSI,model 3007)
Optical Particle Counter .
(OPC, Trimm,model 1.109) 300nNm-32um concerning size

Table 1.Correction factor applied to one of the OPCs during the outdoor validation measurements

Particle Size (pm)

0.265 0.290 0.325 0.375 0.425 0475 054 0.615
0.675 0.750 0.900 1.150 1.450 1.800 2250 2.750
3.250 4.500 5.750 7.000 %.000 9.250 11.250 13.750

16.250 18.750 22500 27.500  31.000

Correction Factor

0.84] 0.99% 1.OIS 0.968 0.840 0.609 1.028 0.870
0.920 1.101 0816 1.125 0.930 0903 0963 0.925
0.881 0.912 (.833 0.985 0868 | 1 1

1 1 1 1 |
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Validation

Small particles

Devices:
ID 1/4 inch
lengths 20.80m,10m,3m
geometry coiled in several turns(up to 10)
Results:

There’re similar trends between particle the losses measured
and those calculated.

There’re differences in the size range from about 20nm to
200nm,which depend on the angle of curvature.

Particle loss due to inertial effects is not negligible for small
particles in a laminar flow in the range tested. 15



Validation

oSmall particles(diffusion)

Particle Loss, %

80 —

series of measurement 1: (21m, 1/2 inch)
calculated particle loss
............................................................................................................................................................. @ measured partic[e loss

series of measurement 2: (6.85m, 1/2 inch)
calculated particle loss
® measured particle loss

straight tubes

Particle Diameter, nm



elLarger

Particle Loss, %
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Validation

particles(impaction losses in bends)

L Location:a busy street
Lenth:0.35

- calculated particle loss
® measured particle loss
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U,

streamline

super-
isokinetic
sampling

Uy=3ms!

100 -

Application
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(1)6,=20° L =7.00 m

(1)

non-isoaxial
sampling

(downward
sampling)
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(2) @y, = 70°, L =0.30 m

(3)

'_ measurement
(3)6;=90° L=050m jnstrument

L T = 5
(4) o, =90°, L=030m\ () j(s)(

(1)-(4) ID = 50 mm

Pcont = 45° L =0.20m

(6)
(6) ID=10 mm, L=5.00 m
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Particle Loss, %

roof inlet

Application

Particle Diameter, um



Summary

Calculations from PLC agree well with those from
experiment for less extreme geometries.

The software PLC based on both empirically and
theoretically derived relations can quickly assess

aerosol sampling efficiencies and particle transport
losses for arbitrary tubing system.
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