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Abstract. ACP’s main objective is the chemical analysis of the aerosols in Titan’s atmosphere.
For this purpose, it will sample the aerosols during descent and prepare the collected matter (by
evaporation, pyrolysis and gas products transfer) for analysis by the Huygens Gas Chromatograph
Mass Spectrometer (GCMS). A sampling system is required for sampling the aerosols in the 135–
32 km and 22–17 km altitude regions of Titan’s atmosphere. A pump unit is used to force the gas flow
through a filter. In its sampling position, the filter front face extends a few mm beyond the inlet tube.
The oven is a pyrolysis furnace where a heating element can heat the filter and hence the sampled
aerosols to 250 ◦C or 600 ◦C. The oven contains the filter, which has a thimble-like shape (height
28 mm). For transferring effluent gas and pyrolysis products to GCMS, the carrier gas is a labeled
nitrogen 15N2, to avoid unwanted secondary reactions with Titan’s atmospheric nitrogen.

Aeraulic tests under cold temperature conditions were conducted by using a cold gas test system
developed by ONERA. The objective of the test was to demonstrate the functional ability of the
instrument during the descent of the probe and to understand its thermal behavior, that is to test the
performance of all its components, pump unit and mechanisms.

In order to validate ACP’s scientific performance, pyrolysis tests were conducted at LISA on solid
phase material synthesized from experimental simulation. The chromatogram obtained by GCMS
analysis shows many organic compounds. Some GC peaks appear clearly from the total mass spectra,
with specific ions well identified thanks to the very high sensitivity of the mass spectrometer. The
program selected for calibrating the flight model is directly linked to the GCMS calibration plan. In
order not to pollute the two flight models with products of solid samples such as tholins, we excluded
any direct pyrolysis tests through the ACP oven during the first phase of the calibration. Post probe
descent simulation of flight results are planned, using the much representative GCMS and ACP spare
models.

1. Introduction

Titan’s atmosphere is believed to be over geological times a permanent source of N-
containing organic molecules (mostly nitriles) and of various hydrocarbons. Some
of these species polymerize to form very complex organic chains which condense
into aerosols. These aerosols are certainly the source of the yellowish haze which
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covers Titan’s surface. Organic molecules may condense on these aerosols, forming
shells on the particles when they settle down into the atmosphere.

The main objective of the ACP experiment is to analyze the chemical makeup
of the aerosol particles. For this purpose, the instrument will sample the aerosols
during descent and prepare the collected matter (by evaporation, pyrolysis and gas
products transfer) for analysis by the Huygens Gas Chromatograph Mass Spectro-
meter (GCMS). An ACP’s products transfer line (PTL) interfaces directly with an
ACP-devoted GCMS feed tube. The GCMS is used by the ACP for about 20% of
its operating time.

2. Scientific Investigation of Titan’s Aerosols

2.1. RATIONALE

The origin of Titan’s hazes is most currently attributed to photochemical processes
occurring at high altitudes. Ions and radicals produced from N2 and CH4 by UV
photolysis and energetic particles bombardment, recombine chemically, forming
organics, some of which polymerize to create the aerosol.

Owing to the diversity of the possible energy sources and their related ver-
tical distribution, different types of particles can occur with respect to the altitude
ranges. The polymerization of C2H2 through the action of solar UV photons is
expected, from current modeling, to yield C2nH2 at altitudes larger than ∼500 km.
The synthesis, in large amounts, of polymers of the form (C2H2)n in the lower
stratosphere may be considered as rather unlikely but depends on how acetylene
polymerizes longward of 190 nm (Cabane et al., 1992; Chassefière & Cabane,
1995). In addition the formation of C-H-N oligomers by the action of suprathermal
Saturn plasma electrons, around 900–1000 km, or of energetic radiation belt parti-
cles at 350–400 km altitude, is shown to be the most plausible mechanism for
explaining the haze’s formation.

In the low stratosphere, aerosol particles settling down from the upper levels
may act as condensation nuclei. Below ∼80 km, this should lead to the deposition
of thin layers (<0.01 µm) of condensed gases (e.g. HC3N, HCN, C4H10) on the
sub-µ particles. This first stage is followed by a more consistent increase in the
particle size, up to a few µm, where the condensation of CO2, C3H8, C2H2 and
C3H6 occurs, between 67 and 63 km (Frère et al., 1990). The main condensation
processes occur near the tropopause, with the condensation of C2H6 below 62 km,
and in the troposphere where CH4 and N2 condense on the resulting particle, which
may yield cloud droplets (∼100 µm, see Toon et al., 1992). Another source of
condensation nuclei may be the particles produced directly at these altitudes by
the radiolysis of organic gases. Cosmic rays present a maximum of the energy
deposition near 60 km and, as on Earth, lightning may exist in the low troposphere.

Two methods of producing Titan-like aerosols in the laboratory have been in-
vestigated:
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Figure 1. Titan’s tholins C/N ratio from various simulation experiments.

The first involves identifying these aerosols with the complex organic mater-
ial that is often observed in the laboratory from simulating the photolytic and
radiolytic processes expected in Titan’s atmosphere. This material roughly cor-
responds to what Sagan’s group labels ‘tholins’ (Khare et al., 1984). The second
route for producing the yellowish matter that might correspond to the aerosols of
Titan, is by polymerizing organic molecules using UV. The best candidate is C2H2,
which polymerizes more easily than C2H4 or HCN (Clarke & Ferris, 1997).

Confidence in the process is increased by the fact that the polymers assumed
above can form the types of aggregates that are needed to reconcile polarimetric
and photometric results (West & Smith, 1991; Cabane et al., 1993; Rannou et al.,
1995; Rannou et al., 1997).

Tholins obtained from the sparking of He-CH4 and N2-CH4 mixtures have been
studied, with the ACP experiment in mind, (Israel et al., 1991; see also Raulin et al.,
1998; Coll et al., 1998). Until recently systematic physical/chemical data on tholins
were available only from one type of tholins, produced in the Cornell group (Khare
et al., 1984). However, chemical analysis of such tholins showed a contamination
of the products by oxygen atoms. The experimental programs developed (Coll,
1997; Coll et al., 1997, 1998) use conditions which avoid such a contamination (ir-
radiation system in a glove box under nitrogen atmosphere, allowing the recovery
and sampling of tholins under inert atmosphere). Furthermore, Cornell’s tholins
were produced within room-temperature conditions, far from Titan’s ones. Now,
as shown on Figure 1, clearly, the chemical composition of the tholins strongly
depends on the conditions (pressure, temperature, inert atmosphere). A valid para-
meter is the C/N ratio which varies from 1 to 11. Khare’s et al. (1984) tholins which
were used for systematic spectroscopic analyses have a C/N ratio of 1.9, but with
more than 10% contamination by O atoms. In the case of experimental conditions
which seem to be the more representative of Titan’s atmosphere (low temperature,
low pressure, absence of oxygen), the value is 2.8 (Coll, 1997; Coll et al., 1997).

The pyrolysis gas chromatography (Py-GC) of tholins produced at 77 K (Fig-
ure 2) shows that saturated and unsaturated carbon chains are included in their
structure; N-containing groups appear in the case of N2-CH4 sparking. The thermal
desorption profile of these tholins (Figure 3) clearly showed two peaks, the first
one corresponding to the distillation of condensed species, the second one to the
pyrolysis. The mass spectrometer (MS) study of the evaporated oligomers and



436 G. ISRAEL ET AL.

Figure 2. Pyrolysis gas chromatography of the solid products obtained after four hours sparking a gas
mixture containing 15 mbar of CH4 (constant, at 77 K) plus 800 mbar of (A): Helium, (B): Nitrogen.
Pyrolysis: 600 ◦C for 5 s; gas chromatography: column Poraplot Q 10 m × 0.32 mm ID (10 µm
coating); temperature: isothermal 40 ◦C for 2 min, then programmed at 20 ◦C/min up to 180 ◦C, then
isothermal 180 ◦C; carrier gas: H2 at 2 ml/min.

pyrolyzates showed that a wide range of alkylated aromatic compounds evolved
from the sample, which indicates that such solids contain a 3-D polymer with a
high degree of branching.

In other work (Ehrenfreund et al., 1995), the main peaks related to N-compounds
observed by a GCMS analysis are HCN, CH3CN, C2H5CN and longer chain ni-
triles. Only the saturated hydrocarbons are observed. The study of the evolution
with temperature shows that HCN is a dissociation product during the whole Py-
GC analysis process, which may imply that the nitriles can form thermostable
structures in the tholins.

2.2. ACP SCIENTIFIC OBJECTIVES

Primary objectives, can be satisfied from measurements made during Probe entry
by the ACP coupled with the GCMS:
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Figure 3. Total ion current spectrum of Titan simulated aerosol material.

1. Determine the chemical makeup of the photochemical aerosol, i.e. infer the
relative numbers of constituent molecules (C, H, N, O) composing the aerosol.

2. Obtain the relative abundances of condensed organics (e.g. C2H2, C2H6, HC3N,
HCN) in a column average throughout the low stratosphere. Compare with the
abundance of constituent molecules in the aerosol nucleation sites.

3. Obtain the relative abundances of condensed organics (principally CH4, plus or-
ganics listed above) in a column averaged over the upper troposphere. Compare
with the abundances of constituent molecules in the aerosol nucleation sites.

Secondary objectives of fundamental interest can also be satisfied with the aid of
additional information acquired by other Probe instruments (mainly the Descent
Imager/Spectral Radiometer):
4. Obtain absolute abundance for all condensed species, averaged over the low

stratosphere and upper troposphere respectively.

5. Determine the mean sizes of aerosol nucleation sites averaged over the low
stratosphere, and compare with those in the upper troposphere.

6. Detection of non-condensable species, such as CO, eventually trapped in aero-
sols.
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3. Functional Description

Figure 4 provides an overview of the ACP. The gas products transferred from the
ACP are analyzed by the GCMS (Niemann et al., 1997). A sampling system is
required for sampling the aerosols in the 135–32 km and 22–17 km altitude regions
of Titan’s atmosphere. These altitude ranges refer to the Probe’s nominal descent
profile (ESA 01/94).

Optimal sampling requires an inlet (sampling) tube (ST) extending beyond the
boundary layer. This boundary layer was calculated by Aerospatiale during the
Huygens Probe design and was found to be a few mm thick; the aerothermody-
namic effects can be neglected since the filter’s bottom end protrudes 28 mm from
the Probe’s fore dome. During sampling, the collecting target’s temperature must
be as close as possible to that of Titan’s atmosphere in order to help retain the more
volatile aerosol and cloud particle components (Lefebvre and Krauss, 1992).

The target is a filter (FIL), made in stainless steel (Beckaert ST10), that can be
moved along the inlet tube by a ‘filter’ mechanism (FIM). A pump unit (PU) is
used to force the gas flow through the filter. In its sampling position, the filter front
face extends a few mm beyond the inlet tube. This increases aerosol collection by
direct impaction at high altitude, where the pump does not operate (see appendix).
Before descent, the filter is held in its storage position inside the oven (OV). During
descent, the mechanism (FIM) can move the filter to its sampling position and
return it into the oven.

The oven is a pyrolysis furnace where a heating element (OH) can heat the filter
and hence the sampled aerosols to 250 ◦C or 600 ◦C. A motorized gate valve (GV)
can be activated to close the furnace after filter retraction. Three normally closed
monostable valves (V1, V2, VT) are mounted on the oven’s body. V1 supplies
a labeled gas (15N2) to carry the gas sample from the oven to the transfer lines
through V2. The venting valve VT allows the oven’s gas content to be drained off.

The pump unit (PU) is a drag fan which accelerates the flow of Titan’s atmo-
sphere at a rate depending on altitude. An exhaust tube (ET), with a one-shot
isolation valve (P2), allows the gas to be vented into Titan’s atmosphere. When
it is switched off, PU acts as a flow-blocking device. The pressurization system
for storing N2 gas and controlling its flow to the oven is supplied by a gas tank
(GT) at 30 bar. Oven filling is controlled by a pressure transducer (PS) associated
with valve V1 (see Section 5). A relief valve (RV, set at 4.1 bar) in the internal gas
transfer line protects the GCMS against accidental ACP overpressure.

The whole internal circuit is pressurized during ground operations and the early
part of the flight to Saturn. About three years after launch, the ACP’s internal circuit
is evacuated by opening P2. The inlet tube end is closed by a sealing cover (SC),
which will be opened at the beginning of descent. A connecting tube (Product
Transfer Line, PTL) between the ACP and GCMS transfers the pyrolysis products.
Valve P1 isolates the ACP internal circuit from the product transfer lines. This
one-shot isolation valve is opened at the beginning of descent (To + 2 min) for an
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Figure 4. Aerosol Collector Pyrolyser (ACP) schematic.
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Figure 5. GCMS sequence of operations for ACP gas products analysis.

initial venting of the internal (ITL) and the external (PTL) exit transfer lines. The
IVA one-shot valve (see below and Niemann et al., 1997) isolates the PTL at its
GCMS extremity. A program allows V1, V2 and VT electrovalves, P1 and PTL to
be heated using special heaters. The heating of V1 is controlled by a thermostat,
activated when the temperature falls below −5 ◦C. This was shown to be necessary
to prevent leakage due to the low temperatures during pumping.

4. Measurement Strategy

The operations sequences (Figure 5) result from the following requirements:

1. Determining the compositions of the particle cores (non-volatile and volatile
components) is conducted mainly in the low stratosphere and down to the tropo-
pause (above 30 km). In the higher part of the descent (above 80 km), it is expec-
ted that aerosols will be obtained by direct impaction on the filter. Below 80 km,
where the pump becomes effective, the samples are obtained by filtration.

2. The second sample must be collected within the troposphere above the deep
methane clouds (20 km).

3. Owing to mass constraints, the instrument is equipped with a single collector
that must be used again after cleaning the oven, filter and product transfer lines.
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4. The samples are analyzed by using the GCMS for a fixed portion of its life
(approximately 20 min), knowing that this instrument must make at least one
direct chromatographic analysis of the atmosphere’s composition before surface
impact.

In addition, because of the very short descent profile (120 min minimum), it was
decided to make three transfers for each sample, each transfer using the direct MS
mode (Niemann et al., 1997). The transfers are done sequentially when the oven is
at ambient temperature, at 250 ◦C and at 600 ◦C. Analysis of the aerosols using the
full capacity of the GCMS and which requires about 10 min, implies the use of the
three columns (Niemann et al., 1997). It is done only for the pyrolysis sequence
(600 ◦C) after the first sampling. The gas transfer starts at To + 74 min (Figure 5)
after the analysis of the content of the two gas enrichment cells programmed by the
GCMS for Titan atmospheric gas analysis.

5. Sequences During Descent

The following sequences programmed during the descent phase are:
Sequence 1: Initial venting and preparation for the first sampling operation between
ACP initialization (at To + 1 min 40 s) and the time when the filter reaches its
sampling position (at To + 6 min 45 s, nominal altitude 130 km).
Sequence 2: First sampling in the low stratosphere. This period ends when the
filter is retracted into the oven (GV locked) at To + 60 min 00 s (nominal altitude
32 km).
Sequence 3: Heating the filter (ambient, 250 ◦C, 600 ◦C) and gas product transfers
to the GCMS at To + 74 min 00 s (nominal altitude 24 km).
Sequence 4: (a) Oven and transfer lines cleaning. The oven and filter are cleaned by
extending the oven heating phase at 600 ◦C. This operation is followed by flushing
the different gas transfer pipes. (b) Preparation for the second sampling operation
with the filter in its sampling position at To + 77 min 00 s (nominal altitude 22 km).
Sequence 5: Second sampling in the upper troposphere. This period ends when
the filter is retracted into the closed oven, at To + 89 min 00 s (nominal altitude
17 km).
Sequence 6: Heating the filter (ambient, 250 ◦C, 600 ◦C) and gas product transfers
to the GCMS ends at To + 108 min 00 s (nominal altitude 9 km).

Sequence 3 is the first analysis sequence which deals with:
1. the preparation of aerosols for producing evaporates and pyrolysis products;

2. the transfer of gas products to the ACP line (feed tube to the GCMS);

3. the proper analysis, either by the direct MS mode or by the complete mode
GCMS + direct MS (Niemann et al., 1997).
The program for aerosol preparation and transfer consists of three phases:
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Figure 6. Schematic of the ACP-GCMS transfer interface.

Phase (a): transfer of the gas products obtained while the filter is in the unheated
oven. At the time of transfer, the filter has considerably warmed since oven closing,
and the temperature gradient is sufficient to produce some evaporates.
Phase (b): transfer of gas products obtained after heating the filter to Tf = 250 ◦C.
During the transfer time (1 min), the filter temperature is maintained by holding Tf
at 250 ◦C.
Phase (c):transfer of the gas products obtained after heating the filter to 600 ◦C.

Figure 6 is a schematic of the ACP-GCMS interface. In order to transfer the
gas samples with minimal dilution from the effluent gas (15N2), each injection into
the GCMS is done by pressurizing the oven to 2.5 bar with N2 (V1 controlled,
V2 closed) and then rapidly depressurizing it down to 1.9 bar (fast actuation of
V2 and VAB). To ensure this ‘piston effect’, the pressure range is controlled by
the software using the oven pressure sensor signal. At injection the estimated mass
flow rate is 3 to 9 mg s−1 at 2 bar N2. A transfer of the sample is completed after 6
injections. The oven is then emptied in order to obtain a background analysis.

Sequence 6 is a copy of sequence 3 but during phase (c) only the MS mode
is used. At the end of the transfer (phase c) of the products to the GCMS (To +
108 min), the ACP is prepared for being turned off until To+110min (8 km nominal
altitude).

6. Mechanical Configuration

The instrument housing is made of aluminum alloy and consists of a single unit
mounted on the lower part of the experiment platform. The rectangular box carries
six attachment lugs on its base. The electronics system (ACPE) has its own struc-
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Figure 7. The assembled ACP instrument.

ture attached at six points on one side of the instrument’s main body, in which the
mechanical and pneumatic subsystem is located. Figure 7 shows the ACP unit with
its electronic box, sampling tube and sealing cover.

The ACP’s overall dimensions are 220×200×206 (H) mm. The ACP’s total
mass is 6.07 kg, including the exhaust tube (40 g), the PTL (120 g) and the elec-
tronic box (2030 g).

The aerosols sampling inlet tube extends downwards to penetrate the Probe’s
fore dome. To provide efficient evacuation of Titan’s atmospheric gas after sampling
and filtering, the exhaust tube exits upwards, passing through the experiment plat-
form and the top platform. By siting the ACP close to the GCMS, the inlet tube
is close to the Probe’s axis and PTL is as short as possible (see Figure 8). A very
strict procedure for limiting chemical contamination was followed during instru-
ment fabrication. The objective values specified for the internal circuit of the gas
transfer subsystem are 10 ppb for CO, CO2 and the organic compounds expected
during aerosol chemical analysis and 100 ppb for H2O. The internal surfaces of
all the transfer tubes have been passivated (‘silanised’). A cleanliness plan was
followed first at the level of each equipment element and then at the instrument
level. After assembly, the whole ACP was baked under vacuum for several days
at 120 ◦C. Also, organic materials were not used in the GV and filter mechanisms.
Their bearings, in particular, are not lubricated.

In order to maintain the high cleanliness level during the instrument’s ground
storage and its first part of the cruise, the ACP’s internal gas circuit was filled to
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Figure 8. Bottom view of the scientific platform showing the ACP (rectangular black box) and the
GCMS (cylindrical black box).

2.5 bar with pure nitrogen. The internal circuit is hermetically closed off, by three
sealing devices, at the level of the sampling and exhaust tubes and at the interface
between the ACP housing and the PTL. The specified instrument overall helium
leak rate of 10−6 mbar l s−1 was found to be sufficient to hold the gas circuit
pressurized until a few months after launch.

The two apertures leading to the atmosphere are sealed by specially developed
devices: the sealing cover (SC) for the sampling tube and the one-shot P2 valve
for the exhaust tube. SC is screwed to the bottom of the sampling tube (ST); the
tightness requirement is satisfied by a stainless steel O-ring gasket. The cap and
spring, totaling 80 g, are held in position on SC’s body by tin-silver solder. Ejection
will be within 2 min after switching on the 53 W heater (SCH), as the alloy melts
at about 150 ◦C. The P2 concept is identical: melting a brazing allows a spring to
eject a sealing cap, freeing the outlet gas exhaust.

7. Integrated Mechanical System

Figure 9 shows the oven, the gate valve (GV) plus the mechanism which function
is to translate the filter through the sampling tube. In the configuration shown, the
filter is in its inner position. The sampling tube (ST) is a 70 mm-long, 45 mm-outer
diameter aluminum cylinder that protrudes from the Probe’s fore dome in order to
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Figure 9. Mechanisms and oven assembly.
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position the filter directly in the gas flow, beyond the boundary layer. ST’s upper
extremity is fixed to the GV, and the crushing of a metallic O-ring gasket provides
a tight seal between the two devices. At the bottom of ST, a stainless steel gasket
made of flat surfaces assembled into a bellows ensures a tight fit with the filter. The
gas flow is thus forced to pass through the wire netting. The filter is a mesh, brazed
at one end to a mounting ring that interfaces with the rack of the filter mechanism.
The mesh is made of multiple layers of stainless steel fibers. The filter’s bottom
end is a mesh disc laser-brazed to the mesh cylinder. This disc faces directly into
the path of the gas and aerosols during sampling. When SC has been ejected and
the filter is in its sampling position, the filter’s bottom end is 4 mm below the
cone-shaped entrance, 28 mm from the external surface of the Probe’s fore dome.

7.1. OVEN DESIGN AND GAS TRANSFER SYSTEM

The oven is the core of the mechanism’s assembly shown in Figure 9. It has a dead
volume of approximately 6 cm3. Its cylindrical main body forms a common piece
with the GV main body. The oven contains the filter, which has a thimble-like shape
(inner diameter 10 mm, height 28 mm, thickness 0.5 mm). The heating element,
from Thermocoax, is a resistance heater protected by a stainless steel shield and
rolled inside the inner filter volume.

In order to minimize chemical reactions with the walls, the oven inner surface
body is gold-coated (few µm layer). The three injection valves are miniature solen-
oid valves made by Matra Marconi Space, procured with their Lee restrictor (Lee
Jeva). They are monostable normally closed. Each one is made of stainless steel
with Viton elastomer seats, which can withstand low temperatures (−25 ◦C).

For transferring effluent gas and pyrolysis products to the GCMS, the carrier
gas is a labeled nitrogen 15N2, to avoid unwanted secondary reactions with Titan’s
atmospheric nitrogen. The carrier gas is stored in a specially developed reservoir
(GT) at 30 bar. The 55 cm3 cylindrical gas reservoir has a 32 mm diameter and
its housing is made of 1 mm-thick stainless steel. The system is designed for a
maximum pressure of 40 bar at 120 ◦C; burst pressure is 160 bar. The oven is sup-
plied through the one-shot P3 valve, specially developed and qualified by Industria.
A solenoid actuates a needle that punctures a metal diaphragm to initiate carrier
gas flow. The diaphragm is a few µm thick and is qualified for the large pressure
differential (upstream flow 40 bar, downstream 2 bar). The same type of one-shot
valve is used for P1, which isolates the ACP gas transfer system from the PTL and
GCMS inlet tubing (see Figure 4). P1 was calibrated for identical pressures (3 bar)
upstream and downstream.

7.2. THE FILTER MECHANISM (FIM)

The drawing of the FIM is shown in Figure 9. The filter mechanism concept is a
rack and pinion mechanism, with magnet locking, that translates the filter, 120 mm
along the sampling tube, from the sampling position outside the Probe to the oven
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position inside the ACP. A stepper motor Sagem 21 PP drives the pinion. A Ti-
tanium sleeve between rotor and stator, around the stator protects the internal
volume of the ACP from chemical contamination.

The total time from one end position to the other is 5.250 s, whatever the direc-
tion of filter displacement is. A bronze pinion gear transmits the rotation motion to
the rack translation motion with the overall stroke of 120 mm. Two ball bearings
are assembled on the common pinion and motor shaft with a preload insured by
an annular ring. The rack, made in stainless steel, is guided inside a tube with
two bronze sliding bearings located above and below the pinion. Inside the bottom
bearing is a ceramic anti-rotation ball that moves in a grove machined in the rack.
For rack preloading purpose, a cuproberyllium helical spring pushes the ball into
the grove.

At the top of the rack, a magnet locks the rack to a mechanical stop in both end
positions. During sampling phase, the 10 N magnetic force locks the rack to the
mechanical stop and pushes the filter against a metallic bellows. During heating
phase, product transfers phases (and also during the vibration phases at launch),
the magnet provides a 13 N to 17 N magnetic force which locks the filter ring
against the base of the oven. Electrical supply of the stepper motor is not required
to lock the rack in both end of stroke positions. Displacement of the filter in both
directions until a targeted position is commanded by driving the stepper motor
with a pre-programmed step number. Two Hall effect sensors detect and provide
the status of both filter end positions. When the filter is in its inner position, near the
bottom of the rack, a collar crushes an elastomer (fluorosilicone) o-ring, insuring
a 5.10−4 mbar l s−1 tightness of the oven to the FIM compartment even at the
lowest temperature of −50 ◦C. The fluorosilicone type has been selected for its
low outgassing rate. Also it can sustain long storage life time. Chemical cleanliness
tests of the ACP show marginal pollution effect on pyrolysates analysis.

The tight overall housing of the FIM is made of titanium alloy. The FIM, which
weights 370 g, has been manufactured by Mecanex (Switzerland).

7.3. THE GATE VALVE SYSTEM

The drawing of the gate valve is shown in Figure 10. The system is composed
with the gate valve (GV) itself and the gate valve mechanism (GVM). It has been
manufactured by SEP.

It is a guillotine valve type which translates in both direction, activated by
the GVM. It opens the oven volume to free the passage of the filter between the
sampling and heating position. The main components of the gate valve are:

– The valve main body which is common with the oven body. It is made of
stainless steel.

– The roller plates made of high resistance stainless steel.
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Figure 10. Gate valve.

– The stainless steel top clapper which receives a fluorosilicone o-ring seal. The
same fluorosilicone type for FIM was selected and pollution contribution was
tested marginal.

– The bottom clapper made of stainless steel.
– Two rollers made of cupro-beryllium.
– The return spring, made of cupro-beryllium, is located between the top and

the bottom clapper. It exerts permanently a return force to maintain the two
clappers against the two rollers.

– The main spring, made of cupro-beryllium, is 8 branches star shaped and at-
tached to the bottom clapper. It bears on the top shoulder of the sampling tube,
which is made of aluminum alloy and which is protected by a hard anodized
oxidation.

During the closing motion of the valve, its stroke is decomposed in two parts.
The first part, 23 mm along the GVM axis covers the valve access of the filter to
the sampling tube (closing phase). The second part, 5 mm along the same direction,
serves to bring the upper clapper against the bottom collar of the oven body (lock-
ing phase). The closing and locking operations of the gate valve are as follows: first
the screw pushes the roller plates. (Since the return spring exerts a restoring force of
14 N, between the top and the bottom clapper, the clappers remain stuck against the
rollers in the configuration corresponding to the minimum thickness of the valve
configuration.) The gate valve is then freely translated toward close position. When
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the gate valve reaches this position, the upper clapper stops at the mechanical stop,
the screw continues to push the rollers’ plate, and the rollers start to move outside
their grooves. The gate valve thickness increases until the rollers’ plate reaches the
end position against the valve main body. The main spring provides the crushing
force (387 N) and the upper clapper compresses the o-ring against the bottom collar
of the oven body. Then the gate valve is in its locked and gas tight position.

In addition, two pairs of mechanical stops, respectively shrunk below the top
clapper and above the bottom clapper, avoid any possibility of disengaging the
roller plates and rollers from the top and bottom clappers. This gives more tolerance
to a malfunction of the valve. A magnet mounted on the gate valve provides the
status information on the valve position.

The gate valve mechanism performs a complete activation in less than 4 seconds.
The mechanism is designed to power the gate valve screw with a minimal force
of 250 N. Taking into account all mechanical safety margins, the actual force is
measured to be between 500 and 900 N. It consists mainly of the motor and its
shaft, a spur gear, the gate valve power screw, the bearings and the housing. The
motor shaft has two deep groved bearings mounted on to its shoulders. It transmits
the motor torque to the input pinion which meshes with the wheel. The module
has been fixed to 0.4 and the speed reducing ratio to 4. The screw-and-nut stage
consists of a power screw and of the thread machined inside the wheel which acts
as a nut. The power screw translates in the hollow axes of the wheel. The input
pinion and the power screw are made of stainless steel, whereas the wheel is made
of bronze. As for the FIM, the use of lubricant is avoided.

The GVM motor is a brushless DC motor ETEL Meti 111. A titanium sleeve,
located between rotor and stator, surrounding the stator, protects the internal volume
of the ACP from chemical contamination. Two Hall effect sensors detect the pos-
ition of the rotor and serve as an input for the electronic drive which provides the
proper square wave to the motor.

As for the FIM, the tight overall housing of the GVM is made of titanium alloy.
The GVM which weights 373 g, has been manufactured by Mecanex (Switzerland).

8. The Sampling System

Owing to the high temperatures required for pyrolysing the organic compounds,
the use of metallic mesh filters was necessary for collecting the aerosols (see Sec-
tion 7). Tests were performed in low pressure chambers (at SA/CNRS and CNES)
to evaluate the pressure drop produced by such metallic filters as the pump unit
draws in Titan’s atmosphere. Using the cold gas test facility of CERT/ONERA
in Toulouse (see below), it was possible to study the effect of low temperatures.
The theoretical laws giving the variation of the pressure drop with temperature and
total pressure (Fuchs, 1964; Pich, 1971) were verified and used to characterize the
pump.
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It was also necessary to evaluate the collection efficiency for sub-µm particles
when metallic filters operate at reduced pressure. The tests were performed at the
Institut de Protection et de Sureté Nucléaire/CEA, Saclay, using Na-Fluoresceine
(Uranine) particles 0.15 µm. Such a particle size corresponds to the lowest effi-
ciency of a fiber filter: for larger sizes, the impaction of particles inside the filter
increases the efficiency (Suneja & Lee, 1974), for smaller sizes, capture due to
Brownian diffusion predominates (Davies, 1952). These tests led to the choice of
multi-layered Beckaert ST10 filters (porosity 80%, thickness: 0.4 mm, fiber dia-
meter 0.4 mm), which provide the best trade-off between efficiency and pressure
drop for our experimental objectives. During the whole descent, aerosols can be
collected by direct impaction (see appendix). Aerosols sampling by filtration is
obtained during two active sampling periods at 80–32.5 km and 22–17 km nominal
altitudes when the pump unit draws atmospheric gas through the filter.

8.1. DESCRIPTION OF THE PUMP

The pump (Figure 11), built by Technofan under subcontract to SEP, is a small,
light weight unit of about 850 g and overall size 100×80×100 mm. The system
consists of a casing, the first/second stage pump wheels and the electric motor.
The internal assembly is mounted on a shaft carried on two bearings. The first and
second stage pump wheels are mounted on the motor shaft and locked to the inner
race of the front bearing by the shaft lock nut. The front bearing is mounted in a
housing, integral with the casing, restraining the bearing outer race from axial and
radial movement.

At the rear end of the pump, a rear bearing is held in an adjustable cover. Radial
movement is restrained but axial movement is limited only by the pre-load from a
compressive washer giving about 40 N around the outer race. As the dynamic mass
of the shaft assembly is of the order of 125 g, the 40 N pre-load is sufficient to
prevent axial movement up to 33 g applied axially to the shaft dynamic mass. The
shaft is not free to move axially because it is restrained by the front end bearing
housing and the bearing axial stiffness. The pre-load ensures that the axial and
radial play in the bearings is taken up, allowing for greater stiffnesses against radial
or axial movement.

The shaft assembly is completed by a second locknut that pre-loads the rear
bearing inner race. The shaft and its bushes and abutments are of good quality stain-
less steel. The electric motor rotor is fixed in the middle of the shaft in the correct
position with respect to the stator winding. The radial clearance between rotor and
stator is only 0.3 mm. The winding is fixed permanently to the motor casing, which
is purely cylindrical at this section. A titanium sleeve around the stator protects the
internal parts of the pump (and sampling tubing) against chemical contamination.

At the pump front end, formed around the circumference of the motor cyl-
indrical casing, is a housing to accommodate the front cover. They both form the
first and second stage pumping cavities. Eight stainless steel bolts attach the front
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Figure 11. The pump unit.

cover to the housing. The front housing also provides the load path down to the two
front attachment legs, which are equispaced around the shaft axis. Only one rear
attachment leg is provided, and this is accommodated by the rear housing, which
has a similar function to the front one in that it accepts a cover. Six bolts are used
for the rear cover attachment. The front cover, front housing, cylindrical casing,
rear housing and rear cover are all made of aluminum. In order to achieve the leak
rate requirement (10−7 mbar l s−1) Viton seals were preferred to metal seals.
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The motor is a brushless (permanent magnet) 3-phase auto synchronous mo-
tor from Norcroft. Hall effect sensors monitor the rotor position. The maximum
electric power required for the pump is 69 W. The two bearings, mounted on the
pump shaft, are deep-groove ball bearings. In order to satisfy a high rotation speed
(about 25 000 rpm), no lubricant and a 10 h lifetime, ball bearings pre-loaded with
stainless steel rings and balls, and a cupro-beryllium cage were envisaged. But
development tests showed there was material transfer between rotating parts, thus
jamming the bearings after few seconds operation at high speed. The bearings fi-
nally selected, use stainless steel balls and rings, and a Duroid 5813M cage (Duroid
is a glass microfiber PTFE with MoS2 as an additive). In operation, the MoS2 coats
the balls, forming a dry lubricant.

8.2. AERAULIC TESTS UNDER COLD TEMPERATURE CONDITIONS

Aeraulic tests were conducted on the pump unit by using the cold gas test system
developed by ONERA at Centre d’Etudes et de Recherches de Toulouse (CERT).
The test objective was to give inputs (transient values) to the evaluation of the pump
unit performances during the descent. The cold gas test system consists of:
1. the cold gas generator: a liquid nitrogen reservoir, a cryogenic valve controlling

liquid nitrogen flow, and a heat exchanger of a coiled pipe immersed in the
liquid flow stream;

2. the test chamber of two 55 mm-diameter double-wall cylinders and two internal
pipes to carry refrigerant fluid (the two movable cylinders are separated by a
central flange);

3. an interface flange that connects the cold gas generator to the test chamber (the
flange is screwed to an inlet cylinder fixed to the chamber and cooled by a liquid
nitrogen helical pipe);

4. the accessory equipment: vacuum pump units, mechanical valves and electro-
valves, and sensors (flow rate meter, pressure and temperature).
The test chamber can accommodate a large range of mass flow rates (20–200 mg

s−1) and of atmospheric pressure (from atmospheric pressure down to 30 mbar).
Inside the chamber, the gas temperature at the exit tubing of the cold gas generator
depends on the pressure (and Probe altitude) to be simulated. Three altitudes were
selected for the pump aeraulic tests: 65, 40 and 22 km; the exit temperatures were
−100, −150 and −170 ◦C, respectively. A first confirmation of the pump’s air
flow performance was obtained and compared with the pump’s calculated dynamic
characteristics. Moreover, temperature sensors were located in different parts of the
pump housing and support, in order to validate the thermal modeling of the pump.
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Figure 12. ACP’s electronic sub-system (ACPE) schematic.

9. Electronic System

9.1. HARDWARE DESIGN

The ACP’s electronic system (ACPE) is composed of four functional blocks: power
supply module, control unit, monitoring unit and drive unit. The mechanical struc-
ture consists of two stacked frames and a base plate, made of aluminium alloy.
The first frame contains two printed circuit boards (PCBs), one for the control
unit (ACPCU) and one for the drive unit (ACPDU), mounted face to face. The
second frame, which has an integrated top plate, contains the monitoring unit PCB
(ACPMU) and the components for the power supply module (Figure 12).

The Huygens probe supplies the ACP with three 28 V power lines: main lines
ML1 and ML3 and protected line PL2. The power supply module provides the
secondary power for the control unit and the monitoring unit by use of a DC/DC
converter at ML1. Secondary output voltages are +5 and ±15 volts. ML3 and
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PL2 are used to power the electromechanical devices with 28 V directly from the
spacecraft power bus. The protected power line 2 is used to activate the one-shot-
valves and the sealing cover. A short circuit protection provides the decoupling to
the S/C power bus system. Additional input filter stages at the power lines minimize
the noise emission and limit the inrush currents during power-on.

The drive unit supplies all electromechanical devices (electrovalves, heaters,
motors) located inside the mechanical box. This module contains the high power
FET’s and the logic to run the brushless DC-motors. Metallic layers, aluminium
foils laminated at the top side of the PCB’s, support the heat exchange between the
high power components and the structure. Since the electromechanical devices are
directly powered from the spacecraft power bus, the drive unit must be galvanically
isolated from the drive logic inside the control unit.

The monitoring unit contains the signal conditioner for the analogue signals
as temperature and pressure. The sensors located inside the mechanical box and
rooted in a separate harness. Hall effect sensors with digital output and end-switches
are used to monitor the status of the electromechanical devices. All motors, valves
and heaters are operated under software control.

The control unit contains the processor module, the interface to the spacecraft
and the driver logic. The processor module is based on a 80C85 8-bit micro-
processor, supported by the 80C37 direct memory access (DMA) controller. The
system clock is set to 4.096 MHz. Two bipolar PROM’s, 8 kBytes memory each,
are used for code storage. Two RAM chips, 8 kBytes each, are mapped to the same
address space as the PROM and used for data storage and program execution. Dur-
ing start-up the program code, approx. 12 kBytes, is copied to the RAM area. After
a successful memory check the ACP program is executed from the RAM and the
PROM’s are switched off. The remaining 4 kBytes are available for intermediate
data storage.

Communication with the Probe’s Command and Data Management Subsystem
is performed via four hot-redundant interfaces. The memory load command chan-
nel (MLC) is used to receive tele-commands and descent data broadcast. All meas-
urement data are transmitted via the packet telemetry data channel (PTD). Both,
tele-command reception and data transmission, are executed under DMA control.
Additional information concerning the instrument status is transferred through the
status word channel (SW). Synchronization with the probe system is performed by
use of the broadcast pulse (BP) together with the time information in the descent
data broadcast. An additional interface, where synchronization pulses are sent to
the GCMS instrument, guarantees the accurate timing of the GCMS and the ACP
valves activation during gas transfer periods. The entire logic, used for the S/C in-
terface, drive logic and the processor system is packed into two field programmable
gate arrays of type ACTEL-1020A.

A 12-bit analogue-to-digital converter (ADC) with an in-built sample and hold
amplifier (S&H) and two cascaded 8-channel multiplexers (MUX) are used to mon-
itor analogue signals. A voltage comparator monitors continuously the pressure
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signal and generates an interrupt in case of pressure overflow. The driver logic
mainly contains latches and buffers to activate the opto-couplers. In-built timers
control actuation time and generate the waveforms to run the stepper motors. The
timing can be set to adapt to different motor types. An important task is the power
management, which discriminates simultaneous activation of devices with high
power consumption. A priority scheme is used to allocate power to the valves and
heaters in the most efficient way.

9.2. SOFTWARE DESIGN

Onboard software is used by ACP’s microcontroller to execute the automatic se-
quences, monitor the status and health of the various subsystems, acquire and
interpret TC and format data for TM. Its main functions are to control the mechan-
ical subsystem, collect data and transmit it to the Probe system, provide an interface
to command ACP via the Probe, and perform descent measurements synchronized
with the rest of the Probe.

The software synchronizes every two seconds to the onboard time code and
executes the measurement step by step as defined in the time-line. Internal clocks
on a higher frequency provided the base for the accurate timing. The main loop
is activated every 125 ms, triggered by the broadcast pulse. In case of absence of
the BCP, an internal timer provides a time base of 128 ms. Re-synchronization is
performed with the next BCP or the time code in the descent data broadcast.

An additional clock initiates an interrupt every 4 ms and is used to control the
exact duration of a valve activation. All instrument activities are time dependent.
The only exception is the over-pressure control, which is initiated via interrupt and
has the highest priority.

ACP’S software provides four different operational modes: descent; cruise
checkout; ground test mode; engineering mode. The first three execute automat-
ically on receipt of the appropriate mission flag and time code. The engineering
mode is selectable by a specific TC, and is used mainly for integration and test
phases. In this mode, all ACP functions could be activated individually by sending
the appropriate TC. It is accessible during any automatic sequence. It can also
be used to check specified mechanical devices during cruise, should any problem
arise.

10. Specific Tests During Qualification

In order to qualify the instrument it has been necessary to undertake specific tests
in addition to the environmental tests – vibration tests and thermal vacuum tests.
This is mainly due to the special thermal constraint during the descent in Titan’s
atmosphere when the pump unit is activated. Besides it was necessary to demon-
strate that the lifetime of the mechanisms can cover the total number of actuations
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(approximately 50) required during ground tests and cruise phase and during the
descent trajectory. The operation lifetime of 10 hours for the pump unit had also to
be proved.

10.1. FUNCTIONAL TESTS UNDER TITAN’S ATMOSPHERE CONDITIONS

The objective of the test was to demonstrate the functional ability of the instrument
during the descent of the probe and to understand its thermal behavior, that is to
test the performance of all its components and mechanisms.

However, the operation of the one-shot devices such as the sealing cover was
controlled separately during a special ’destructive descent sequence’ of the ACP
qualification model, done at SEP. To achieve the functional tests, the conditions
– pressure and temperature with respect to time – which the ACP will encounter
during its operational lifetime in Titan’s atmosphere, must be simulated as closely
as possible. In fact, the pressure profile was exactly representative of the descent
whereas the temperature was maintained constant around 80 K.

The tests have been conducted at ‘Service des Basses Températures’ du Centre
d’Etudes Nucléaires de Grenoble (CEA-CENG). A special cryostat, as shown in
Figure 13, has been designed which contains the whole ACP instrument. It consists
of two chambers. The first one is the chamber where the ACP is mounted and inside
which it was possible to simulate the thermal environment of the ACP ensured
by the thermal control of the probe. It can be regulated at a given value between
0 ◦C and −20 ◦C, for each test. The other chamber contains the sampling zone in
which the ACP inlet tube is plunging and where the temperature is maintained at
−190 ◦C. The atmospheric pressure of the cryostat is common to the two zones
and can be controlled to follow a calculated pressure profile corresponding to
the expected descent profile of the probe in Titan’s atmosphere. During the test
a complete operational sequence of the ACP can be commanded by the electronic
unit of the ACP and its ground support equipment. The sequence includes of course
not only the two pumping phases but also all the operations of oven heating and
gas transfer dictated by the program software. In addition to the information (T,
P and status) given through the ACP data transmission, we got complementary
measurements obtained by a great number of sensors instrumented all along the
cryostat parts. This was particularly needed to get empirical values to be compared
with the thermal model of the ACP (internal and in interaction with the Probe).

Two different tests, one for the base plate controlled at −10 ◦C and one for the
base plate controlled at −20 ◦C, have been found entirely successful, showing that
the whole components of the ACP were operating correctly. In particular this is the
case for the gate valve mechanism, in spite of a gate valve main body temperature
found as low as −50 ◦C at the end of the pumping phase. Besides, the results of
the tests allowed to revise the values obtained by our thermal modeling for the
exchanged flux between the ACP and the Probe (16 W in the worst case instead of
40 W).
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Figure 13. Schematic of the facility in operation at CENG-Grenoble for ACP functional test under
Titan’s atmospheric conditions. The cryostat is fed by two entrance pipes, one for the liquid nitrogen
supply to fill the dewar, one for the gas nitrogen supply to fill the double chamber (sampling zone
at T = 80 K and ACP zone at T = 263 K) with a pressure controlled gas (Titan’s atmosphere
inside and outside the Probe). The ACP temperature is regulated by a screen which can be heated
electrically. The gas pumped off by ACP is recycled directly inside the cryostat. To regulate the
pressure according to the selected descent profile, an external pump is used.

10.2. APPLICATION OF THE CENG TESTS FOR THE EVALUATION OF THE

FLOW RATE OF THE PUMP UNIT

During Titan’s atmosphere tests at CENG, direct measurement of the pump’s char-
acteristics by the use of a flow meter was excluded (because of the low level of its
internal pressure drop when the pump starts). However, the quality of the thermal
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modeling made together by CNES Toulouse and CERT/ONERA, associated to the
almost complete instrumentation of the ACP gas circuit during the tests, allowed
a preliminary confirmation of the flow rate of the pump. Nevertheless, comple-
mentary tests were done at CENG in order to precisely calibrate, a posteriori,
the ‘thermal flow meter’ whose role was played by the cryostat exhaust tube.
To achieve this test, the tube was instrumented, as in the previous test, by two
thermocouples immersed inside the gas flow, TEG 1 and TEG 2. The operation
consists in running equivalent dynamic tests, using the same cryostat but in which
ACP has been replaced by a cell, on which a heater was fixed to adjust the power
input to the internal flow (P gas). The external laboratory pump mounted in the
down stream flow is used either for controlling the pressure inside the cryostat, or
to ensure the circulation through the cell and the exhaust tubes. The objective is to
reproduce the thermal dynamic responses of the two main sensors, obtained during
the previous tests (see Figure 14a). Two flow-meters located in the upstream flow
of the cryostat are used to deduce the calibration curves. The resulting data on the
performance of the pump are shown on Figure 14b, as well as the power inputs
brought to the screen and the cell.

11. Science Validation and Calibration Test

11.1. PYROLYSIS TESTS

In order to validate the ACP’s scientific performance, pyrolysis tests were conduc-
ted at LISA on solid phase material synthesized from experimental simulation.

An ACP laboratory model was specifically developed for this sort of science
validation and laboratory investigation. It is representative of the ACP, except for
the pump unit and the gas tank, which are not mounted. It contains:

– the filter transfer mechanism (not motorized) to translate the filter into and out
of the oven;

– the gate valve mechanism (not motorized) to close off the oven;
– the three monostable microvalves used (1) to vent the oven by pumping (VT)

(2) to fill the oven with pure nitrogen piston gas (V1), and (3) to transfer the
gas phase from the oven to the GCMS (V2).

The filter could be dismounted from its support and easily replaced. In order
to protect the filter’s organic solid phase material from oxygen contamination, the
following operations were carried out in a glove box filled with nitrogen:

– once removed from the reactor, the filter was mounted;
– gate valve was closed after enclosing the filter in the oven.

The organic synthesis by electrical irradiation of an N2-CH4 mixture requires a
long reaction time (about 20 h). The reactor is a two-part glass vessel with two
tungsten electrodes and a metallic filter in the lower part. It is filled at a total
pressure of 900 mbar with a mixture of N2 (800 mbar) and CH4 (100 mbar). One of
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Figure 14. Complementary tests, at CENG, to determine the gas mass flow obtained by the ACP
pump unit. (a) Shows the evolution, during the simulated descent in Titan’s atmosphere (see section
10.1), of the temperatures measured by the thermocouples TEG1 and TEG2. These curves were used
as reference curves. During the complementary tests, the flow rates have been adjusted to obtain
values of TEG1 and TEG2 which fit the reference curves. TET1 was a control temperature which
was not used. (b) Shows the resulting data of tests: evolution of the gas mass flow rate during the
Titan descent simulation test. The adjustment of the thermal profile of TEG2 was done by acting on
the flow rate at N2 injection. The adjustment of the thermal profile of TEG1 was achieved by the
regulation of the electric power ‘P gaz’ brought to the gas. ‘P écran’ is the electric power dissipated
into the screen to simulate the probe platform temperature as controlled by the probe (−10 ◦C).
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the electrodes is connected to a Tesla coil fed by a low current (80–100 mA) high
frequency (80–200 kHz) generator. The other electrode is earthen. Five irradiation
periods of about 4 h each were performed and, between each, the gas phase was
removed from the reactor and replaced by a new mixture of N2-CH4 at 900 mbar
with the same ratio as the original. During irradiation, the bottom of the reactor
was cooled by liquid nitrogen. At the end of the synthesis, 2.3 mg of solids were
deposited on the filter.

Owing to the oven’s low leak rate (5.10−4 mbar l s−1), we can be sure that
no oxygen contamination of the filter occurred during analysis. The analysis of
the 600 ◦C pyrolysis products, obtained with the ACP laboratory model, was done
using a Varian Saturn II GCMS (with helium as carrier gas) at an inlet pressure of
1.6 bar. The chromatographic capillary column was a CP-Sil-5 CB column of 25 m
length, 0.15 mm inside diameter and 1.20 µm film thickness from Chrompack. The
column temperature was controlled as follows: 30 ◦C for 20 min; raised from 30 ◦C
to 150 ◦C in 30 min at 4.0 ◦C/min; 150 ◦C for 10 min. The total mass spectra of the
GC peaks were thus collected over 60 min. The ion trap mass spectrometer was able
to detect masses of 10–226 AMU by using the electronic ionization mode. Under
the experimental chromatographic conditions chosen, only hydrocarbons from C4

to C10 were analyzed. This excluded the light hydrocarbons (C2 and C3) and the
heavy hydrocarbons (above C10).

The chromatogram obtained by the GCMS analysis shows many organic com-
pounds (Figure 15). Some GC peaks appear clearly from the total mass spectra.
The others are identified only when they are specific ions with a very high MS
sensitivity. According to their mass spectra, 23 gross formulas of more than 25 GC
peaks have been identified unambiguously. It immediately appears that no oxy-
genated organic compounds were detected, showing that the laboratory procedure
prevented oxygen contamination of the synthesized solid phase material.

In the proposed simulation test, we have observed that the main compounds
detected on the pyrogram are mono-aromatic hydrocarbons. The most concentrated
is benzene (C6H6), followed by toluene (C7H8) and C2-substituted benzene (C9H8,
C9H10, C9H12). One may conclude that these mono-aromatic hydrocarbons are the
major constituents of the synthesized solid phase material. If they are thermally
stable, they could be completely desorbed into the gas phase at 600 ◦C with no
variation of their structures. Thus the main constituents are the main compounds
desorbed and detected on the pyrogram.

One argument limits the validity of this result. Since a bi-aromatic hydrocar-
bon is observed on the pyrogram (C10H8) and because of the chromatographic
conditions (choice of column), we cannot properly observe poly-aromatic hydro-
carbons. In a previous study, the pyrolysis of anthracene, which contains three
aromatic cycles, was performed with the same pyrolyser at 600 ◦C. The pyrogram
showed mainly benzene, toluene, ethenyl-benzene and C8H10 isomers. It shows
that poly-aromatic hydrocarbons are decomposed at 600 ◦C in benzene and in sub-
stituted mono-aromatic hydrocarbons. The type of compounds detected on anthra-
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Figure 15. Pyrogram of the solid phase material synthesized directly on to the filter.
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cene pyrograms depends on the pyrolysis temperature. For example, it was shown
that naphthalene (a bi-aromatic hydrocarbon) was clearly observed at a lower pyro-
lysis temperature. So it is quite possible that the mono-aromatic hydrocarbons
detected on the pyrogram could be provided by the poly-aromatic hydrocarbons
present in the solid phase material and thermally decomposed at 600 ◦C into mono
aromatic hydrocarbons.

We also detect a small amount of benzonitrile (C7H5N), which can be similarly
produced by thermal decomposition of poly-aromatic compounds containing nitro-
gen atoms. Most of the nitriles observed on the pyrogram have also been detected in
the gas phase synthesized by the simulation (acetonitrile: C2H3N, propenenitrile:
C3H3N, butenenitrile isomer: C4H5N, butanenitrile isomers: C4H7N). The heav-
iest nitriles detected (pentenitrile isomer: C5H7N and pyrrole: C4H5N) could be
provided by thermal desorption of the same compounds present in the solid phase
or by thermal decomposition of the heaviest molecules. Finally, many hydrocar-
bons are detected on the pyrogram (C4H6, C4H8, C5H8, C5H6, C6H6, C6H8 and
C7H14). They can be provided by the two sources cited above, or by the thermal
polymerization of the lightest alkenes and alkynes.

Before performing the above pyrolysis tests, the procedure for testing the clean-
liness of the ACP Flight Model, after delivery by SEP, was conducted. The instru-
mentation includes a very pure nitrogen gas reservoir, a flow regulator provided by
the contractor, and the Varian Saturn II GCMS. A mixing ratio threshold of 50 ppb
was measured for the significant gas components.

11.2. LABORATORY CALIBRATION OF THE INSTRUMENT

The program selected for calibrating the flight model is directly linked to the
GCMS calibration plan carried out at GSFC. It will be used to relate quantitatively
the pyrograms and the mass spectra to the effluent gases injected from the ACP.
Several known concentration gas mixtures, containing expected Titan atmospheric
species, were injected directly into the ACP feeding tube of the GCMS.

A second phase, which requires the gas to pass through the ACP oven first,
has been limited to a few test species. Complete calibration will be performed, in
the laboratories, on the spare models at the time of arrival on Titan. During this
investigation, the oven will be heated accordingly with the software programs of
the ACP and the GCMS, and filled at the pressure measured after the completion
of each of the two aerosols’ sampling phases during the Probe descent.

12. Conclusion

The ACP/GCMS data will provide information on the bulk chemical composition
of the stratospheric and tropospheric particles, with a discrimination between the
core of these particles and the outer layers of condensates. The chemical analysis
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of the core of the particle, by pyrolysis techniques, is of major importance for the
scientific objectives. The pyrograms obtained either with Pyr-MS or Pyr-GC-MS,
give precious information on the nature of the pyrolysis fragments. This can be
used to infer the chemical structure of the sample and as a guide to perform calib-
rations (by direct comparison of the pyrograms of standard samples with those of
the unknown, using identical conditions of pyrolysis, and with the help of similarity
coefficients, which can allow a secure identification). Applied to Titan’s aerosols,
it will allow us to check if the core of the particle, assumed to be composed of
oligomers formed in the high atmosphere, is constituted of only carbonaceous oli-
gomers free of heteroatoms, or includes C+N oligomers. Such a measurement will
have very important implications for our understanding of the primary processes
occurring in the high atmospheric regions. It will be a way to determine the relative
contributions of the photopolymerization and co-polymerization processes of CH4,
C2H2, C2H4 and HCN.

In addition, the use of an analytical pyrolysis cycle with several temperatures
will allow evaporation and analysis of the volatile part of the collected aerosols
without pyrolyzing either this part, or the core. With such analysis, it will be
possible to detect minor atmospheric constituents undetectable in the gas phase,
because they can be highly concentrated in the aerosol compared to the gas phase. It
will also be possible to get information on the absolute quantity of aerosol collected
in the atmosphere, and on the ratio of the core to the condensate parts. This will
provide a major constraint for microphysical modelling of Titan’s organic aerosol.
Cloud structure data from DISR, and P, T vertical profiles, winds and turbulence
data from the HASI and DWE will also be used to constrain the models.
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Appendix: Sampling techniques

1. IMPACTION ON PLATES

Aerosols can be collected on plates perpendicular to the flow, due to the fact that
their inertia leads them to leave the flow lines and move towards the obstacle.
Impaction is governed by a characteristic number: Stoke’s number St. It represents
the ratio of the kinetic energy of a particle of mass m travelling with the velocity
u to the work done against viscous drag (Stoke’s Law) over a distance δ relative to
the air (Davies, 1973):

St = m u

3 π dp µ δ
= ρp d2

p u

18 µ δ

where ρp and dp are the aerosol particle density and diameter, u and µ are the gas
velocity and dynamic viscosity, δ is a characteristic dimension of the obstacle. In
the case where the Knudsen number:

Kn = 2 λ

dp

(λ: mean free path of air molecules) is not smaller than unity, the Stoke’s law:

F = − 3 π dp µ u

has to be corrected by the Cunningham slip correction factor:

C = 1 + a Kn + b Kn exp( − c Kn−1)
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Figure 16. Stoke’s number, St, related to the diameter of the particles and therefore to the altitude of
the Probe. When St > 1, particles are impacting the collector.

where a, b and c are related to the gas. Hence:

St = ρp d2
p u

18 µ δ
C .

If St � 1, the aerosols follow the flow lines and impaction does not occur. Con-
versely, if St � 1; the aerosols impact the collector. The Stoke’s number has been
calculated as a function of altitude and particle size for Titan’s characteristics and
with the expected probe velocity, assuming δ = 1 cm; dp is the aerosol particle
diameter and z the altitude (Figure 16). Keeping in mind that the models give
dp ≈ 0.4µm at 160 km, dp ≈ 0.4 to 2 µm at 60 km, one can see that aerosol
collection by impaction only will be difficult over a large part of the stratosphere.
Below 60 km, impaction will occur if dp � 6 µm; but the uncertainties on the
growth of particles due to ethane and methane condensation lead us to be cautious.
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Figure 17. Sampling efficiency of a filter, E, in function of the diameter of the particles and therefore
of the altitude of the probe.

2. SAMPLING ON FILTERS

Particle inertia increases the number of particles which penetrate the pipe. If the
velocity is us in the sampling pipe and if u is the flow velocity outside the filter, the
sampling efficiency will be E = ns

n
where n is the number density in the flow and

ns the number density in the pipe. E is related to St by:

E = u
us

( 1 − α ) + α

with

α ≈ ( 1 + St )−1

In Figure 17, E is shown as a function of dp and z (for us = 7 m s−1).
When particles are slowed in the pipe, the stopping distance is xs ≈ δ St.

In the case where δ ≈ 1 cm, xs can be read in Figure 16 by replacing St by
xs in centimetres. Particles then arrive on the filter at reduced velocity and the
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eventuality of rebound is limited. The filters which will be used are made of mul-
tilayered stainless steel fibres (porosity Po ≈ 0.8, fibre radius R ≈ 2 µm). In this
case particles will be captured mainly by interception, increased by inertia effects,
diffusion phenomenon being insignificant (Fuchs, 1964).


