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CONCEPTUALDESIGN OF A MODIFIED XBT TELEMETRY
SYSTEM FOR USE IN THE OCEANS OF TITAN

B. J. Mitchell
The Johns Hopkins University/Applied Physics Laboratory

ABSTRACT:

Current theories concerning the surface of Titan postulate the existence of large,
possibly oceanic, bodies of liquid ethane/ammonia plus various other chemicals.
ESA's Huygens probe is designed to gather oceanographic data on Titan. If the
postulated oceans or lakes do exist, follow up missions of an oceanographic nature
will be planned. This paper provides a concept for a modified XBT (eXpendable
Bathymetric Thermograph) probe design that will provide more data than just
temperature as a function of depth. By judicious use of acoustic telemetering links,
data on the sound speed profile and constituents of the ocean can be obtained. The
exo-oceanographic data collected will have important ramifications for oceanographic
studies on Earth.
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BACKGROUND:

The Cassini/Huygens mission is due to be launched October 1996, with arrival at
Saturn during June 2004. The Cassini orbiter (built by NASA) will then study Saturn
and its moons. The Huygens probe (built by ESA) will enter the atmosphere of Titan
during November 2004 and land on the surface by use of a parachute. An instrument
package will then study the surface (Lebreton, 1992). Lunine (et. al., 1983) and others
have hypothesized the existence of liquid ethane oceans, possibly covering much of
Titan' s surface. (Note that all references to oceans are also applicable to lakes, which
have also been postulated (Lunine, 1993).) This has been given sufficient credence to
where the surface science package for Huygens has been designed for operations in
cryogenic liquids (Zarnecki, et. al., 1992). Among the oceanographic data to be
gathered (and the instruments) are: acoustic properties and depth of the ocean
(acoustic sounder), ocean wave properties (tilt sensor), ocean density (floatation level
of the lander and piezoelectric sensor), permittivity (permittivity meter), thermal



properties (temperature sensors), response to impact (accelerometer), and ocean
constituents (refractometer as well as some of the previously described instruments).
The expected lifetime of the probe after landing is on the order of minutes (Lebreton,
1992). (General physical properties of Titan are given below.)

Table 1: PHYSICAL PROPERTIES OF TITAN

(Banaskiewicz, 1993; Lebreton, 1992; Lorenz, 1993: Lunine, 1983; Srokosz, M., et.
al., 1992; Zarnecki, et. al., 1992. * Lunine (1993) cites evidence that the rotational
period may be about one hour shorter than the orbital period.)

If everything works as planned, Huygens will send back the first ever data from an
extraterrestrial ocean. The implications of this are enormous. For the first time, the
same fluid dynamical/oceanographical equations can be applied to two radically
different environments. Since the physics must be the same for the two cases,
comparisons of Earth data vice Titan data will reveal much about the veracity of our
current quantification of Earth's oceanography. For example, it may be possible to
better understand various empirically derived quantities. The data derived from
Huygens will directly aid efforts to understand the role of Earth's oceans in climate,
weather, and oceanic engineering.



Inevitably, there will be many questions raised by the data from Huygens. The probe
will provide data from only one point on the surface of Titan. For a better
understanding, data from other places and depths must be collected. Follow up
missions will be planned and optimized based on the data first collected by Huygens.
One area of interest will be the temperature of the ocean as a function of depth. On
Earth, XBT (eXpendable Bathymetric Thermograph) probes are one type of
instrument used to gather this type of information. Because of the cost of getting
instruments to Titan, any hardware must be capable of multiple functions. Described
below is a concept for a Modified XBT (MXBT) that will be able to provide various
types of data in addition to temperature as a function of depth.

PARAMETERS OF INTEREST:

Baker (1981) lists some of the general small scale properties of Earth's oceans that are
of interest. They are temperature, salinity, pressure, and density. Temperature and
salinity tend to be measured directly by various instruments. Pressure can be derived
from the hydrostatic equation if the density is known. Conversely, density can be
found from the hydrostatic pressure equation if the pressure is known. For oceans on
Titan, these same properties will be of interest. However, the fact that at this point, it
is not conclusively known that there are oceans, much less their gross properties,
means that all four parameters need to be measured directly.

The temperature of Titan's ocean can be measured by the same methods as in the case
of Earth's oceans. Typically, the temperature is measured by use of a thermocouple or
thermistor (Huygens will carry such a device). For Titan, the appropriate components
must be chosen based on the cryogenic nature of the ocean. Thus, the thermocouple or
thermistor must be able to operate in temperatures below 100 K. Such components
already exist in abundance in cryogenic laboratories around the world and should be
readily adaptable for use in an MXBT.

On Earth, salinity is a key parameter to be measured. In reality, what is being
measured are contaminant levels in pure water. From chemical studies of seawater,
the types of contaminants are known and tend to be fairly uniform in both chemical
species and relative proportions of the species. (Note there are useful exceptions such
as various radioisotopes that are used as water mass tracers.) Thus, measuring the
salinity (typically through measurement of the conductivity of seawater) gives the
contaminant levels. For Titan, the situation is not nearly as simple. At this time, the
chemical make-up of the ocean and the relative proportions of the compounds are
unknown. Models have been devised based on evolutionary theories for Titan (Lunine,
1992 and 1993). The Huygens probe has been designed to determine the chemical
species present based on these models (Zarnecki, et. al., 1992). There are further



complications. It is possible that in the polar regions, there are two immiscible liquid
layers in the ocean (Lunine, 1993). Also, if there are large lakes as opposed to oceans,
it cannot be assumed that the chemical constituents and proportions are the same
globally. Thus, a "salinity" sensor for Titan must have some capability to measure
species and abundance; a complication relative to the familiar Earth case.

Due to the uncertainty in constituents for Titan's oceans, pressure must be measured
directly rather than determined from the hydrostatic equation since the density can
only be conjectured. Fortunately, cryogenic pressure transducers are plentiful and
accurate as a result of various space launch vehicle programs.

Density can be determined from the other parameters. It is also possible to measure
this directly by various means. The Huygens probe will measure the local surface
density of the ocean by noting how deeply the probe settles while floating and by use
of a piezoelectric device (Zarnecki, et. al., 1992). The probe's acoustic sounder may
also provide some data. Measuring the density of Titan's oceans may be complicated
by the presence of two or more fundamentally different layers in the ocean, as
discussed above.

A SECOND GENERATION TITAN OCEANOGRAPHIC PROBE:

The Huygens probe will provide small scale data on local conditions for one point on
the surface of Titan. The Cassini orbiter will provide further large scale data for Titan
such as the extent and boundaries of the oceans, possibly data on wave fields and
atmosphere-ocean interactions, and perhaps some data on chemical variability of the
ocean by region. Once this first data has been analyzed, follow up missions will be
proposed which will use instruments optimized to take into account the then better
known conditions. Global measurements of ocean temperature, "salinity", pressure,
and density will be desired for comparison to Earth's oceans.

Use of modified XBTs, along with an appropriately designed mothership, may provide
a means to make such widespread measurements of Titan. The basic idea behind an
XBT is fairly simple; a small temperature sensor is dropped at a known rate through
the water. Temperature data as a function of depth is electrically telemetered back to
the ship via spooled out copper wire. XBTs are perhaps the most widely used of all
oceanographic instruments with over four million having been used to date (Baker,
1981; Boyd and Linzell, 1993).

A proposed modification to any Titan-bound XBT is the addition of a pressure sensor.
Obtaining pressure as well as temperature profiles as a function of depth could



provide data on sudden constituent changes such as those postulated in the polar
regions by Lunine. Simply put, the hydrostatic equation is:

p = Dgz (1.1)

where:
p is the pressure.
D is the density (thought to be in the range of 400-700 kg/m (Zarnecki, et. al.,3

1992)).
g is the gravity (~ 1.345 m/s (Lebreton, 1992)).2

z is the depth.

Assuming a constant rate of descent for the MXBT, a sudden discontinuity in the
pressure profile would indicate a sudden change in density and therefore constituents.
This can be illustrated as:

(1.2)

where:
the various terms are as above.

(Note that this term should always be slightly larger than zero if the ocean is in
thermodynamic equilibrium. A sudden change in constituents should noticeably
increase this expression. In this equation, it is assumed that all partial derivatives with
respect to g are equal to zero.)

Another modification that will be necessary is the method of data transmission.
Normally, XBTs telemeter temperature data over a spooled out copper wire back to
the ship. Prolonged exposure to cryogenic conditions would likely make any
conductive wire brittle and useless on Titan. Thus, an acoustic telemetry link from the
MXBT to the mothership is proposed. Such a link would not be subject to mechanical
failure of the channel. An added benefit of using an acoustic link is that measurements
of the link itself will yield useful physical data.

A final modification is the chassis of the MXBT itself. The MXBT should either be
appropriately shaped or contain an acoustic corner reflector in order that the
mothership can use a sonar to determine the position of the probe. This will provide
accurate data on the rate of descent of the MXBT.

There are two possibilities for the MXBT: modification of a current, well studied
design such as the Sippican T-5 or the use of a totally different design such as a
simple sphere.



The use of a modified Sippican T-5 would allow direct comparison of the descent
profile to that of the T-5 in Earth' s oceans. Comparison of the Titan and Earth data
sets could yield interesting insights into the actual design of XBTs as well as
oceanography. In Earth's oceans, the Sippican T-5 has a descent profile that
approximately follows the equation (Boyd and Linzell, 1993):

z = 6.705t - 0.001619t (1.3)2

where:
z is the depth in meters
t is the elapsed time in seconds

(Note this is also a function of the drag coefficient for the T-5 and the density of
seawater, both of which are assumed to be known and constant for Earth.
Determination of the descent equation for Titan's oceans would give data on its
structure and constituents. It is also worth noting that the descent rate of all XBTs is
only an approximation and can vary by design, lot number, and local ocean conditions
(Ibid.).)

A simple sphere could be fitted with temperature and pressure sensors and a
piezoelectric acoustic datalink. Such a probe could be made relatively compact (on the
order of centimeters in diameter), therefore allowing many to be launched to Titan.
The descent rate can be derived both theoretically and empirically; Lorenz (1993 -
personal communication) estimates the descent rate of a metallic sphere a few
centimeters in diameter in Titan's oceans to be 1-3 meters per second. Once Huygens
measures the ocean's characteristics directly, this figure will be better known. Finally,
a sphere's acoustic properties have been modeled extensively (Clay and Medwin,
1977), making the detection and data reduction from the mothership's sonar easier
from a signal processing point of view.

As mentioned before, an acoustic telemetry link will be necessary due to the hostile
conditions. A properly designed link will provide "virtual" telemetry channels that
will give information on the properties of the ocean via dispersion and doppler shift of
the acoustic signal.

A suggested telemetry format is pulse position modulation (PPM). In this format,
regular framing pulses and data would be sent out simultaneously on two distinct
frequencies (to be determined based on the results of the Huygens probe) with the
pressure or temperature data carried by the time delay between the frame bit and the
data pulse. Another possibility is the use of pulse code modulation (PCM) where the
data is turned into a string of binary numbers that are sent with proper frame
synchronization. This PCM data could even follow the internationally recognized



IRIG-106 or CCSDS standards. Once again, the data would go out simultaneously on
two different frequencies.

In either case, the data could be formatted such that each channel carries the all the
data and the two channels provide redundancy. Both channels would be broadcast
simultaneously with the frames in synchrony. One "virtual" telemetry channel would
be formed by the delay in reception of one real channel (at one frequency) with
respect to the other channel (at another frequency). Another "virtual" telemetry
channel of information would be formed by noting the distortion of the square pulses
within a properly coded frame marker and data. A third "virtual" telemetry channel
could be formed by noting doppler shifts of the signal pulses. A fourth "virtual"
telemetry channel could be formed by noting the difference in attenuation between
channels (Figure 1). These various channel distortions would give data on the
dispersive qualities of the ocean, its constituents, bubbles, and suspended matter - all
essential to a full understanding of Titan's oceans. The addition of an active sonar
employed by the mothership using the MXBT as a calibrated target will provide
further oceanographic information. All this data could be relayed from the mothership
to an orbiter for final processing and relay to Earth (Figure 2).

SUMMARY AND IMPLICATIONS:

The Huygens probe will be the first step toward an understanding of the oceanography
of Titan. Follow on missions will need to sample larger areas of the ocean in order to
build a better understanding of the oceanographic processes. The use of XBTs has
provided volumes of data on Earth's oceans; the widespread use of these probes is due
in part to their relative inexpensiveness and reliability. Modified XBTs (MXBTs)
could provide similar data for Titan's oceans. The use of properly designed MXBTs
could essentially provide six channels of telemetry at the cost of only two "real"
channels. Data would be obtained on temperature, pressure, density, and constituents;
key information such as fluid movement and sound speed profiles could be derived.
The proposed spherical design for an MXBT could be built, tested, and even used
extensively on Earth. The knowledge gained from the Titan-wide use of MXBTs
could be of real value on Earth in understanding our own oceanography and climate.
As esoteric as such studies may seem, they could have important economic
implications for Earth.
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