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Motivation

Emission measurements at aircraft engine test rigs require long sampling lines. The

typical length is between 12m and 25m. Because of safety reasons and noise level,

the sampling lines cannot made shorter. For standard gas emission measurements,

the line length is not a problem.

For particle measurements, the line losses can be roughly estimated. But line losses

are a complex function of many parameters.

Some of these parameters are:
- line length and diameter
- line temperature
- particle diameter
- particle number concentration
- Reynolds number
- residence time
- line material
- line "ageing”



Some reasons for particle line losses are:

wall losses (diffusion and thermophoretic)
- agglomeration - particle size up

- evaporation - particle size down

- densification -> particle size down

- oxidation -> particle size down

Experimental Setup

Soot source is the patented DLR —SOOT Generator. It is a stable and reliable soot
particle source. Particle diameter can be set between 2nm and 200nm.

Diluter 1 is used to quench chemical reactions. The following 4m line is used to
precondition the particles and to remove volatile particles. (Due to many discussions
with our SAE-E31 colleagues, we improved the preconditioning section from Setup A
to Setup C in order to be sure, the high losses are not caused by volatile particles).
Diluter 2 and heater 2 are used to bring the exit temperature of diluter 2 down to the
temperature of the investigated sampling line (no thermophoretic effects in the
sampling line!l). Tested sampling lines are 1,5m / 4m / 12m stainless steel and 25 m
carbon loaded Teflon®. All lines have 6mm inner diameter.

Diluter 3 is necessary to bring temperature down for EEPS and CPC.
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Results
- dramatic line losses are detected in “standard sampling lines”
- as expected, the losses show a clear dependence on particle size. The 10 nm

particles show losses above 90% in particle number concentration.

increasing temperature leads to increasing losses

losses in mass are always lower, because of agglomeration

line “aging” is not a problem

it is absolutely necessary to qualify sampling systems for particle line

losses
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Motivation

Emission measurements at aircraft engine test rigs require long
sampling lines. The typical length is between 12m and 25m.
Because of safety reasons and noise level, the sampling lines
cannot made shorter. For standard gas emission measurements,
the line length is not a problem.

For particle measurements, the line losses can be roughly
estimated. But line losses are a complex function of many
parameters.

Some of these parameters are:
- line length and diameter

- line temperature

- particle diameter

- particle number concentration
- Reynolds number

- residence time

- line material

-line “ageing”

Some reasons for particle line losses are:
-wall losses (diffusion and thermophoretic)
- agglomeration - particle size up

- evaporation - particle size down

- densification -> particle size down

- oxidation = particle size down

Experimental Setup

Soot source is the patented DLR —SOOT Generator (license
available). It is a stable and reliable soot particle source. Particle
diameter can be set between 2nm and 200nm.

Diluter 1 is used to quench chemical reactions. The following 4m
line is used to precondition the particles and to remove volatile
particles. (Due to many discussions with our SAE-E31 colleagues, we
improved the preconditioning section from Setup A to Setup C in order to be
sure, the high losses are not caused by volatile particles).

Diluter 2 and heater 2 are used to bring the exit temperature of
diluter 2 down to the temperature of the investigated sampling line
(no thermophoretic effects in the sampling line!). Tested sampling
lines are 1,5m / 4m / 12m stainless steel and 25 m carbon loaded
Teflon®. All lines 6mm inner diameter.

Diluter 3 is necessary to bring temperature down for EEPS and
CPC.

Results
- dramatic line losses are detected in “standard sampling lines”

- as expected, the losses show a clear dependence on particles
size. The 10 nm particles show losses above 90% in particle
number concentration.

- losses in mass are always lower, because of agglomeration
- line “aging” is not a problem

- itis absolutely necessary to qualify sampling systems for
particle line losses

Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Eidgentssisches Departement fiir

Umwelt, Verkehr, Energie und Kommunikation UVEK
Bundesamt fiir Zivilluftfahrt BAZL
Abteilung Luftfahrtentwickung

€ soot source (DLR-Soot Generator)

Setup A -neraen 201

Setup A

Setup C

SETUP A “Interlaken”
12m stainless 51 190°C

loss. 10nm

loss 200m

Eeps

a31%

483%

e

0%

s94%

et

SETUPB
12m stainless st 190 °C

loss 10 nm

loss 20 nm

ot1%

a1

0%

5%

SRR

P
12m stainless 5t 190 °C
loss 100

loss 20 nm

04%

g

a24%

2%

T

£
3
5
2
v

e

s2imin

s6-smnm

Res. tme

2230

2250

2250

Only small increase in line losses from Setup A to
Setup C > no relevant amount of volatile particles

even at Setup A

Deutsches Zentrum

loss # (%)

)

Setup B
heater 1= 220°C Nz
4mline = 220°C

Shloss

12 m stainless steel id =6mm

—e—CP

150°C res.ime 2650
50°C rox imo 34 0c
SETUP C (arcles recond.a 30°C)

in der Helmholtz-Gemeinschaft

15 ETH Conference on Ct

“Line ageing effect”

SETUP C. (300°C preconditoning of the paricles)

DLR fiir Luft- und Raumfahrt eV,

12m stainless steel particle diameter 20 nm

mel

Zurich 26 — 29" June 2011

/.

Setup C
heater 1 =300°C N2
4mline = 300°C

12 m stainless steel sximm

loss# (%)

EEPS

10.

a=10nm

0 0 %0 w0 i 10 20 z0 Z0 @0
e temperatre (°C)

25m carb. Teflon® id = 6mm

——ine 7sec
100, —o—lne sac
CcPC
- ~
o0- <
v 190°C
70-
. 60°C
8 -
£ 25m carb. Teflon id = 6mm
B SETUP C
-
20

10 15 » 2 3
d[nm]

25m carb. Teflon® id = 6mm
100 —— 60°q 7
e
by EEPS B M
o0 \
>
&0
25m carb. Teflon
SETUP C

9% loss #

d (nm]

10nm / Tip, no sampling line / 150°C_EEPS Setup C

10nm / 25m sampling line / 150°C EEPS Setup C

I . C—
i

———

o

N

Dr. Claus Wahl

Institute of Combustion Technology
Pfaffenwaldring 38 - 40

D - 70569 Stuttgart
Claus.wahl@dlr.de



	ETH2011_Poster_Wahl_DLR_a.pdf
	Foliennummer 1




