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AIDA-TDL overview

In situ measurement of water vapor:p
White cell with TDL absorption spectrometer (APicT)
New: Single path TDL (SP-APicT) for high concentrations

Measurement of total water
Extractive TDL absorption spectrometer (APeT)Extractive TDL absorption spectrometer (APeT)
Sampling via heated (30 °C) stainless steel tubes

TDLAS b d t f d d tTDLAS based measurement of condensed water
Difference between total water and in situ water vapor
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Progress of the in situ TDL (APicT)
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the AIDA chamber  parasitic absorption
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TDLAS increased dynamic range
G l f 2000 t 10000Goal: from 2000 ppm to 10000 ppm

Two possibilities for high water concentrationsp g
Switch to weaker absorption line 
 strong interference with adjacent lines
 systematic uncertainties complicated fitting systematic uncertainties, complicated fitting
Decrease of optical path length  SP-APicT
Additional advantage: low scattering losses  denser clouds
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Single-path APicT
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Optical path length: 4.11 m
Fiber-coupled optics inside AIDA chamber
Minimized parasitic absorption
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Minimized parasitic absorption
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Single-path APicT – inside view

Laser side Detector side
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Single-path APicT – outside view

Laser side Detector side
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SP-APicT at high concentrations
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Signal robustness vs. scattering losses
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Very good signal robustness of SP-APicT during ice cloud phases
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compared to APicT (signal loss factor 3-4 lower)
Difference in transmission corresponds to a calculated length ratio
of 6 (real ratio 5)
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of 6 (real ratio 5)
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Intercomparison SP-APicT vs. APicT
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(independent instruments, no scaling of data)
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Intercomparison SP-APicT vs. APicT
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Small de iations d ring ice clo d phases
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Small deviations during ice cloud phases
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TDL performance 1.4 µm

Opt. path Dynamic range Resolution Application

APicT 23-99 m <1-2000 ppm
15 ppb

-100 °C FP
Cold clouds

SP-APicT ~ 4 m 10-12000 ppm
~250 ppb
-85 °C FP

Warm, dense
clouds

25 ppb
APeT ~ 30 m <1-1500 ppm

25 ppb
-97 °C FP

Total water

Advantages of SP-APicT:
Six times higher upper limit of dynamic range compared to APicT
Measurement in denser clouds possible
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Application to cloud microphysics

Measurements for determining the accommodation coefficient of
water molecules on ice (Dec. 2009)

Accomodation coefficient αAccomodation coefficient α
one of the determining parameters of ice crystal growth
 relevant for accurate modeling
is defined as the ratio of water molecules which are incorporated in the
ice crystal and the total number of molecules which gaskinetically collide
with the ice crystal α ≤ 1
experimental determination difficult, high uncertainty on the
magnitude of α

D. R. Haynes, N. J. Tro, and S. M. George, J. Phys. Chem. 1992, 96,8502-8509

14

y , , g , y , ,

May, 10th/11th, VI-ACI annual meeting, Zürich

KIT – University of the State of Baden-Wuerttemberg and National Research Center of the Helmholtz Association



First results (work in progress)
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Summary & Outlook

Instrumental progress:p g
Direct attachment of the APicT-optics to AIDA  higher accuracy
SP-APicT extends dynamic range to higher water vapor 

t ti d ll t i d l dconcentrations and allows measurements in dense clouds
TDL measurements are applied to the determination of the 
accommodation coefficient of water molecules on iceaccommodation coefficient of water molecules on ice 
 further modeling work necessary
Outlook:

Validation of the extractive TDL (APeT) at the PTB with primary 
humidity standard of Germany
2 6 µm TDLs for higher sensitivity/resolution (sub ppb)2.6 µm TDLs for higher sensitivity/resolution (sub ppb)
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