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view

For some years now, VHF amateurs in
Sydney, Canherra and Malboumne, and
more recently elsewhere, have been
making regular use of the Aircraft En-
hancement {AE) mode of propagation of
VHF signals to establish contact on 144
and 432 MHz.

Results have usually bsen good, and
sometimes even spectacular, with, for
example, 5 x 9 signals being exchanged
between Melbourne and Canberra on 432
MHz.

There have been several adicles in this
magazine in recent years about this mode
of propagation. The most notable have
baen by Doug MeArthur VE3IUM (who was
the first to exploit this mode regulary),
Gordon McDonald VE2ZAB, and Roger
Harrison VK2ZTB. Thase articles are more
fully indexed in the reference list below, In
addition, VK2ZAB and the writer engaged
in personal correspondence over a period
of some months between May and Sep-
tember 1987. As readers of his contribu-
tions to AR on this subject will know, Gor-
don has very firm views regarding the
mechanism responsible for the AE mode
of propagation. Hound the exchanges with
him to be forthright, but otherwise very
helpful o my developing an understanding
of how it works.

Maone of the above authors offers a full
explanation of the AE mode as | have
observed it from my VK1 OTH. Gordon’s
calculations didn't fit and Roger's back-
ward moving footprint didn't work: either.
As aresult of my own observations and of
my dialogue with VK2ZAB, | have con-
cluded that, although thera is likely to be a
good deal of truth in the explanation pro-
vided by him concerning metallic reflec-
tion, there is also a mode of hot gas sup-
ported propagation which gives very good
results indeed when the conditions are
right. A favourable set of conditions would
comprise:

{a) A bassline distance of, say, 450 kilo-
metres (eg VK1 to Melbourne).

(b} Air reasonably sfill and siable (ie
pilofs do not report turbulence or strong
winds).

{c} Ground-wave propagation is normal
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- big lemperature inversions are unhs|pful
to AE, although they may be a blessing in
ather ways.

(d) The aircraft track is nearly parallel to
the radio wave path, and the intersection of
the twois close fo the mid-point of the radio
path.

(&) Both stations have line of sight to the
aircraft.

(f) Beth stations have sideband equip-
ment; batter than 20 watls transmitter
power, reasonabls antenna gain, and low
noise recejver preamplifiers. It can work
on FM, but the average FM opsarator lacks
the necessary EHP and receiver sansifiv-

ity.

What does an aircraft
do??

There are twe imporiant characteristics
of the wake left behind an aircraft which
make it potentially a very goed refractor of
VHF signals. Firstly, the aircraft delivers a
large amount of heat to the atmosphere
whichcreates atempsrature anomaly, and
second, the geomelric shape of its wake is
very like a two dimensional copy of the
temperature inversions produced in na-
ture which provide so much fun for sericus
VHF operators. Each of thess properties
will be considered in dalail balow.

Aircraft heat delivery

The following discussion makes use of
anumber of different information sources.
In the text thess are referred to by the
sumame of the source, except that WEE is
used in lieu of World Book Encyclopaedia,
Acomplete list of refarences is given atthe
end of this article.

The mixing of imperial and metric units
is done for the sake of simplicity, given the
variety of the source material,

Probart advises that the fuel consump-
tion of a B747 aircraft in lavel flight, at
cruising speed and at 35,000 feet, is be-
tween 0.016 nautical miles per pound {fully
loaded) and 0.016 nautical miles per pound
{fully loaded) and 0.026 nautical miles per
pound (lightly loaded). A typical valus
could reasonably be taken as 0.02 nautical
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miles per pound. This coresponds to 50
potnds per nautical mile.

50lb/NM = 50/1.852 lb/km, ie 26/b/km

Now the cruising speed of a B747 is
about 870 kilometres per hour, or 14.5
kilometres par minute. Thus the fuel con-
sumption of the aircraft iz about 27 x 14.5
pounds per minute, which equals 381.5
pounds per minute.  Since the aircraft is
in the level cruiss equilibrium mode, all the
heat of combustion of this fuel is released
to the atmosphers, where it causes a
temparatura rise.

From Low, the lower calorific value of
kerosene is 10,200 GHU/b. Thus the heat
liberated by the combustion of 391.5
pounds of fuel each minute by the arcrait
j=301.5x 10200 CHU, i= 3,980,000 CHU/
minute. For those unfamiliar with these
units, this corresponds to about 126 mega-
watts. Note that no vapour condensation
is allowed for in this case. (Should con-
densation oceur, the heat liberation would
be greater, since the latentheat of vapouri-
satlon would then also be released.).

Atmospheric Heating

From WEE, the air pressure at 35,000
featis about3.45 PSl. The air temperature
at this height varies quite a bit but -35
degrees Celsius (238 dagrees Kelvin) may
be taken as a typical value,

Low {p25) gives the volume of one pound
of air at 14.7 PSI and 0 degreas Celsius
(273 degrees Kelvin) as 12.39 cubic fest.

Using the universal gas law P1.V1/T1 =
P2.NM2T2,

V2 = 14.7 x 12,39/273 x 238/3.45

=46.02 cubicfeator 1.303 cubic metres.

That is, one pound of air at 35 000 feel
and at -35 degrees Celsius, occuples ap-
proximately 1.303 cubic matras.

Low shows thatthe spacific heat of airat
constant pressure (Kp) may be calculated
from:

Kp = 0.230 + 0.000038.1

where  is the temperature in degrees
Celsius.

Thus at -35 degrees Celsius,

Kp = 0.230 - 0.00133

= 02287

Nowitis possible tocalculate the amount
of air heated by a given amount psr minute
by the passags of the above B747. Letus
work it out for, say, a 10 degree Celsius
rise.

Weight of airso heated = CHU/Kpx 1/10

= 3,000,000/0.2287 x 1/10

= 1, 745, 000 pounds

The volume of this air at 35,000 feet is
1 745,000 x 46.02 cubic fest. That is B0
300000 cubicfeet. Thisequals 2, 274, 000
cubic metres of hot (10 degrees Celsius

rise) air generated for each minute of
passage of the aircraft.

MNow, i the aircraft was producing a
uniformly heated volume of air at 10 de-
grees Celsius temperature rise, and its
spead is 14,500 m/minute, then the cross
sectional area of the velume so produced
{as seen from the tail of the aircraft) must
be 2,274,000/14,500 square metres, ie
157 square melres.

As it happens, the aircraftis not produc-
ing a uniformly heated volume of air;
obviously the efflux is hotter close to the
aircraft than it is further away. However,
there will ba some pointbehind our BT47 at
which the efflux is 10 degrees Celsius
above ambient, and the cross sectional
area of the warm air at this point will be 157
square metres. The shape of this cross
section can only be guessed at. However,
given the geometry of the aircraft, the
cross section will be rather wider than it is
high.

Radio refractive index

(RRI)

Jessop provides a datailed explanation
of the refraction of radio waves in the
atmosphere. The RAI is defined in terms
of *N" units. Itis stated that where a layer
is encounterad in the atmosphere in which
the ARI falls at a rate greatar than 157 N
units per kilomsire of increasing hsight
then radio signals from Earth will be re-
fracted sufiiciently to return to Earth.

Jessop shows that the maximum water
vapour pressure at -35 degrees Celsius is
0.3 mb {dew point). Now at -25 degrees
Celsius (the temperature of the air heated
by the aircraft as assumed for conven-
ience in the above sxample) the saturation
vapour pressura would be 0.8 mb, but this
cannot apply in practice, since in our case
we are not dealing with a closed system.
Thus the water vapour pressure in the
aircraft effiux is constrained by ihat of the
general environment, ie 0.3 mb. This
interasting anomaly is a consequence of
Dalton's Law.

We have already seen that the air pres-
sure at 35,000 feet is about 3.45 PSI. This
corresponds to 117 mb.

From Jessop, the RRI of air is given by:

BRI = 77.6 x p/T + 373,300 x & x 1/
Tsquared N unite

whare p = atmospheric prassure in mb

& = watar vapour pressure in mb

T = air temperature in degrees Kelvin.

At35,000feetand - 35 degrees Celsius,
{ie ambient conditions}.

RRl =77.6 x 1117/238 + 373,300 x 0.3
x1/238 x 1/238

=40.13 N units.

The BRI of air in this region which has

been heatad 10 degrees Celsius above
ambient by the passage of our B747 will ba

BBRI=776x117/248 + 373,300 x 0.3 %
1/248 x 1/248 = 38.43 N units.

The RRBI of the heated air is therefore
1.70 N units lower than that of the un-
heated air immediately below it. Provided
the vertical thickness of the heated layeris
less than about 11 metres, (as seems very
probable, since the warm air mass must
significantly be wider than it is high) the
RRI gradient will exceed the -157 N unit
per kilometre which Jessop says is neces-
sary to return a radio wave to Earth,

All this shows that radio refraction suffic
cient for our purposes can at least occur
from an air mass which exists somewhere
betwaen the 10 degrees Celsius point and
the aircraft. It will also work for lesser
temperature rises than 10 degrees Cel-
sius, but | have not attempted to work out
what the critical temperature might be, if
indead there is one.

The distance behind the aircraft atwhich
the efflux has cooled to just 10 degrees
Celsius above ambient is not known.
However, it has bean reported that work
done by the RAAF some years ago showed
that tha thermal footprint of an aircraft is
easily detectable 20 kilometres behind the
aircrafi,

The above demonsirates that there is
adequate heat generated by the passage
of a sizable aircraft to be potentially useful
for radio propagation purpeses. However,
having a suitable sharp rate of change of
ARl iz only part of the story - the RAI
gradient must have the right topology.

Aircraft wake geometry

In his AR article, Roger Harrison drew
attention to an item in the Aviation Safely
Digest issue 121 (ASD]) about the wake
turbulence of aireraft. From thisit appears
that an aircraft in {ransit leaves behind it
contra rotating vortices generated by ihe
action of the wings; these are guite in-
tense, and retain their form and physical
dimensions for a considerable distance
behind the aircraft. The vorices trap the
heated efflux from the aircraft, and inhibit,
rather than encourage, its dispersal.

Meanwhile, the wings of the aircraft act
as a single blade of a very large fan which
thrusts air downwards as the aircraft
passes. ltis by this means that the aircraft
derives itz litt. It appears from the above
jssue of the ASD that the wash from an
aircraft typically sinks some 900 feet be-
fore stabilising, and that it reaches this
leval about 1.5 minutes after the aircraft
passes. By the tims the efflux has reached
this =ink level, therefore, the aircraft has
movedforward by over 20 kilometres. Thus
the efflux of hot air from the aircraft is V
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shaped, the front half of the V (closest to
the aircraft) being the sink resulting from
wing action, and the rise thereafter being
due to canvection. Figure 1 shows this in
diagrammatic form.
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Figure 1.

What the aircraft is doing is dragging a
kind of shallow, open, inverted two dimen-
sional prism behind it, with the prism hav-
ing a lower refractive index that the sur-
rounding air. It therefors bshaves in a
reverse manner to that of the glass priam
of our physics text books. Itis instructive
to do some wave fracing on some dia-
grams to illustrate the situation. Figure 2
shows how a ray of light behaves when
passing through a prism having a refrac-
tive index higher than that of its surround-
ings, This is an inverted version of the
diagram found in high school physics texts.
As can be sean, the light ray is refracted
upwards toward the base of the prism.
Useless for our purposes. Figure 3 shows
the situation when the refractive index of
the prism is lower than that of its surround-
ings. In this case the wave front is re-
fracted downwards. This is the situation
created by the efflux of an aireraft. The
efflux has an BRI less than that of its sur-
| roundings. and atitsapex it haz the form of
| aninveriad prism.
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The diagrams in Jessop's text show tha
distribution of -RRI gradients for a number
of good, naturally occurring openings
around Europe. Maturally occurring tem-
perature inversions which are of usze to
amateursseem to have the shape of large,
broad, inverted conss, and appear fo
behave in a similar manner to that of the
aircraft genarated prism. The similarity of
their cross-seciional topology is striking.
Since they are roughly conical in form,
naturally oceurring inversions can be used
over a relatively wide range of azimuth
angles, whereas the aircraft generated
prism, because it has two dimensional
form only, proves to be guite directional in
conferring its benefits,

Thus stations wishing to use this mode
of propagation must be sited =o that the
line betwsen them is closely parallel to,
and undermeath, the aircraft track.

CONCLUSION

It is shown above that a large aircraft is
a heal generator of sufficient magnitude to
create a lemperature inversion at high
altitudes and, as a result, is capable of
causing significant refraction of radio
waves,

The form of this inversion is such as to
return the signals to Earth at a significantly
distant point from the transmitter. From my
invesfigations as explained in this article,
metallic reflection from the aircraft skin is
notthe enly mods of aircraft assisted propa-
gationas VE2ZAB maintains. ltalso shows
that there will be no need to put away our
VHF equipment when non-metallic aircraft
take to the skies,
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