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Measurements of particle emissions and contrail ice particle properties
behind a large passenger aircraft burning 100% sustainable aviation fuel in cruise
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Methods and Instrumentation

* Measurement platform: DLR Falcon 20 research aircraft

Motivation

* Long-lived contrails constitute a substantial contribution
to aviation’s climate impacts — even on long time
horizons (Lee et al 2021).

With conventional aircraft engines, contrail ice particle
numbers correlate strongly with engine soot emission

Use of low-aromatics sustainable aviation fuels (SAF)
promise a reduction of ice particles but detailed effects

* Particle measurements: total and non-volatile particle
number in different size ranges down to 5 nm

* Trace gas measurements: CO,, NOy, CO, CH,, H,0

* Contrail ice particles: particle size distributions 0.6 to 50 um

at cruise level are thus far poorly understood and . 20
) . Comparing observed non-volatile
require more research with models and measurements particle emissions to model results .
using the T2T4 model [2]: <154
Falcon 20E -8 *ee
. D-CMET S Fuel
A o HEFA
Experiment setup 510 L
* Source aircraft: o rerase O e ; o e Bend
: : B Re2 w e
A350-941 with Trent X\WB-84 engines — 50" @ S5 E sof RS e e o
. . SAF2 e B X% " .
9 flights in Apr and Nov 2021 e . * high

| I 1
5.0x10M 1.0x10%® 1.5x10'> 2.0x10%
El,, oy ObServation

Results

1lel5 ECLIF3-1
® JetA-l

@ Blend 1
® HEFA

near field (~100 m) and far field (20-40 km) f

e Different engine power settings and altitudes
e Accompanying ground tests for ground-cruise comparison

ECLIF3-2

-
w
1

ECLIF3-1

® HEFA
® JetA-1 i
@ Blend

ECLIF3-2 1e15

< nvPM
O total particles 0- +

—_
[#)]
X
—_—
o

Ice particle number per kg of fuel

<& nvPM
@ O total particles

Observed non-volatile particle emissions
and ice particles compared to
**1% measurements from ECLIF2/NDMAX [3]

=
o
1

'
7’/
4
r'd
7’
7’
'
'
e
7
e
,‘
'
7/

0 15x10'°
Soot particle number per kg of fuel

0

3.0x10 " 4.5x10"

per kg fuel burned
o
o
Number of particles
per kg fuel burned

Number of particles

¢ HEFA
¢ JetAl
¢ Blend

e Fuels prope rties: ECLIF-1 ECLIF3-1 ECLIF3-2 ECLIF3-2 ECLIF3-2  JetA-1 |
Jet A-1 HEFA Jet A-1 HEFA Blend world av. 0.6- + _ : 64 ] *
H-content [%om] 14.08 15.11 14.25 15.18 14.39 13.89 . . . I L . . . — — o
14I-.|?/dr091:r.15c0nté?1't0/ m%15.5 14I-.|(3)(droglgr:|5conté?1lt0/ m%li5 ’ Sgi:)hu?.gon?éﬁt /Or;ll% o2 ° Sgi;hu?.czzon?éit lorﬁ% o CO n CI u s I O n S
S-content [%m] 0.0211  0.0007 0.0125 0.0003 0.0505 0.0460 ; - , :
Observed particle emissions as a function of fuel properties
0 ° e
Naphtalenes [%v] 035 <0.08 0-50 <0.08 0.58 12 * Use of 100% HEFA-SPK fuel reduces ice particle numbers
Aromatics [% 13.4 N/A 13.4 <0.1 10.8 19.2 ECLIF3-1 ECLIF3-2 : :
romatics (7] by ~56% compared to Jet A-1 in cruise

ed

Non-vol. particles

* The measured 35% reduction in soot particles suggest
reduced ice activation by the low sulfur HEFA fuel
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