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Portable Ice Nucleation Experiment

with triple chamber

Automated high-resolution INP measurements

for mixed-phase and cirrus cloud regimes.

Overview

PINEtri is a compact, expansion-chamber instrument
purpose-built to measure ice-nucleating particles
(INPs) down to -65 °C, designed to use on ground.
It operates three independent 3 L chambers in an
alternating cycle to achieve a time resolution of
~2.5-5 min, enabling spatially resolved INP profiling
at ground stations. A step-wise expansion mode
with a 2 L buffer volume establishes an almost
adiabatic temperature drop, allowing the peak ice
supersaturation to be quantified and the onset of
heterogeneous versus homogeneous freezing to be
distinguished.

PINEtri has been validated in laboratory tests
(AIDA, APC) and demonstrated in field operation at
the Sonnblick Observatory (3106 m a.s.l.), where
INP concentrations were measured under both
mixed-phase cloud (MPC) and cirrus conditions.

The final rack-integrated version PINEair was designed
for HALO aircraft and successfully used in a first
campaign onbord HALO in fall 2025. PINEtri uses

the same technology in a standard rack without the
necessary permission for the use in an aircraft.
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Triple chamber design of PINEtri

Applications

+ Aerosol-cloud research

+ Observation and monitoring of INP

+ Fast measurements of air turbine exhaust

+ Measurements on truck during wildfires (with
damping system)

+ Air borne measurements (after upgrade)
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PINE

The first instrument to automatically measure long-term series of INP concentrations

at high sensitivity, time resolution and in a wide range of temperatures.

How it works

PINEtri operates as a sequence of runs in each
chamber: (1) Flush, (2) Expansion, (3) Refill. After
cooling to the target wall temperature, a short waiting
period (=60 s) homogenizes gas-wall conditions:

* Flush: Ambient (or conditioned) aerosol is dried
(membrane dryer) and sampled into the chamber
with dew point tracked

+ Expansion (two modes):

1. Continuous (MPC temperatures): Controlled
pumping reduces pressure; relative humidity
rises until droplets and/or ice form.

2. Step-wise (cirrus temperatures): A valvetoa 2 L
buffer volume is opened to create an immediate
pressure drop in the chamber. The resulting
near-adiabatic temperature enables calculation
of the peak ice saturation ratio (S_ice,p). A gentle
pump flow (~0.7 L min-") stabilizes conditions
and transports particles to the optical particle
detector (OPC).

+ Detection & INP quantification: An OPC counts
ice crystals downstream of the chamber. The INP
number concentration is calculated from the crystal
counts and the analyzed air volume per expansion.
The detection limit is lower when averageing over
repeated expansion runs.Typical detection limits for
one expansion are =1 L' (MPC) and =0.7 L-" (cirrus).

Detailed Specifications

Chambers 3 x 3 L expansion chambers

Buffer Volume 2 L for immediate pressure drop

(step-wise mode)
01to0-65°C

=2.5-5min
(alternating chamber cycle)

Temperature range

Time resolution

Recommanded
settings

Waiting time =60 s;
Pump flow =0.7L/min (cirrus) and
1.7 L/min (MPC)

Expansion modes  Continuous (MPC) / Step-wise (cirrus)

Detection limits =1 L~ (MPC);

=0.7 L7 (cirrus) per expansion

Aircraft-relevant
tests (PINEair)

Validated at start pressure
=250 mbar
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Features

« Three-chamber architecture for high time and
spatial resolution

« Temperature range from 0 °C down to -65 °C

+ Step-wise expansion with buffer volume to
calculate S_ice, p (near-adiabatic cooling)

« Differentiation of heterogeneous vs homogeneous
freezing in the cirrus regime

« Automated operation and remote control;
background checks via HEPA filtration

 Validated at AIDA and APC; demonstrated at
Sonnblick Observatory.

Measurement sequence of the triple chamber

LabVIEW control centre with remote access

Add-on

The PINE instrument is validated for INP concentration
measurements at the KIT cloud facility AIDA before delivery.
The validation is documented as part of the operation manual.

PINE includes a software based on LabVIEW and integrated
in the PLC as an executable file. The software allows for
temperature profiles and dedicated measurement cycles for
long-term measurements. Updates via remote connection
possible.

Any Question?
nuclear.update@bilfinger.com
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