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BACKGROUND AND SUMMARY

The AN/ASH~2 condensation nuclei detector was developed for use in naval aircraft for
detecting invisible, persistent trails of exhaust products from submarines operating under
diesel power. Air to be examined is drawn from the outside atmosphere by a pump and
passed over a water-saturated wick to increase its humidity to nearly 100%. It then
passes into a black, baffled expansion chamber in which the pressure is suddenly reduced;
this produces a sudden decrease in temperature, supersaturation of the air and, if
condensation nuclei (such as fragments of hydrocarbon molecules) are present, a water
dreplet surrounding each nucleus. The mumber of water droplets in the resulting cloud

1s "counted" by measuring the amount ¢f 1ight from an ¢xternal incandescent source that
is [orward-scattered through the chamber and detected by a multiplier phototube., Five
air samples are examined per second. The amplified output of the phototube is

displayed as a continuous line on a strip chart recorder. The device is amazingly
sensitive, being capable of detecting as few as 50 condensation nuclei relative to 2.7E19
molecules of air per cubic centimeter.

A representative exhaust trail may exist as a "ribbon" about 2000 ft wide and 300 to 600
ft thick at an altitude up to 600 [t at a range of about 5 nmi downwind of a snorkelling
submarine, depending upon the wind and the tempcrature lapse rate. The purpose of

these tests was to {nvestigate possible advantages that might accrve from towing the
AN/ASH=2 behind and below the aircraft. One set was inatalled in an NADC HTM-9 towed
capsule (which was developed for use with magnetic anomaly detectors) and a reference
set was installed {n the towing P2V-7 aircraft. Flight tests werc conducted on

21 Mar 1957 and on 5 and 18 June 1958. Exhaust trails were recorded from a cargo ship
consistently on both equipments at ranges of 3.5 to 40 mmi. On 31 crossings of the
trail of a snorkelling submarine at ranges out to I5 nmi, the inbvard equipment [af)ed
to detect the trail only one time whereas the towed equipment failed six times. In

the majority of cases, however, both cquipments performed equally. 1t appeared that
with the alrcralt operating at altitudes of 250 to 600 fect, the towed equipment passed
below the trail.

It was concluded that the complexity added by towing the AN/ASH-2 is not Justiffed in
terms of improved performance.
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Ref: (a) BUA%R Conf 1tr Aer-EL-44 ser 013317 of 1 Aug
155

1. TED Project No. ADC EL-46012.3 was established by refer-
ence (a) to study and investigate the possibllity of instal-
ling the AN/ASH-2 condensation nuclei detector in a towed
capsule to improve its capability to detect submarine ex-
haust trails.

2. The pases for the investigalion were:

a. Flight experiences with the AN/ASH-2 have indicated
that the best altitude to search for submarine exhaust
trails might be below 100 ft, and a towed capsule would per-
mit safe operation of the equlpment at tThis low altltude.

b. The task of detecting and following trails mlght be
reduced from 2 three-dimensionzl to a two-dimensional prob-
lem if it could be shown that a component of the more dense
particulate matter of the submarine's trail always exists at
low altitudes.

¢. Salt nuclei churned up by a submarine might be de-
tectable at low altitudes.

d. Operation of the AN/ASH-2 equlipment at an altitude
different from that of the aircraft might reduce the possil-
bility of confusiocn between the alreraft trail and the sub-
marine trail.

3. It was decided to install the detector and amplifier
units in a Naval Air Development Center HTM-9 towed capsule,
figure 1, and a remote control conscle andan RD-4T7A recorder
in a P2V-7 aircraft. The installation required mechanical
and electrical modification of the AN/ASH-2 and mechanical
modification of the existing capsule. A mechanical recon-
figuration of the equipment was necessary to fit it into the
capsule and to effect proper welght and valance. Electrical

c ST I A L



Anti-Submarine Warfare Laboratory

C I AL
REPORT NO. NADC-AW-L53502

modifications were necessary to provide power and to control
the equipment from the alrcraft.

4. The cables designed for the towed magnetic anomaly detec-
tion system were used. These 250-ft long cables consisted

of fifteen 0.04-ohm-per-foot conductors and a strain member.
The cable conductors also served as transmission llnes for
control signals to the equipment in the capsule and for data
transmission from the equipment in the capsule to the re-
corder in the aircraft.

5. The maximum power requirements of the AN/ASH-2 are 115-V
2c 400 cps, single phase at 2.8 amp, and 28 V dc at 25 amp.
Several methods of transmitting power down the cable were
investigated. Two methods, which did not require a trans-
former in the capsule, were tested but were not acceptable
because of the wide variety of environmental conditlons
under which the equipment was to be operated.

6. The method used was to transform the 115-V, 400-cps
power available in the aircraft to 460 Vv, and transmit it
down the cable to the capsule. In the capsule, this high
voltage was transfcrmed into 115V and 31 V. The 115 V was
used to power the amplifier unit of the AN/ASH-2. The 31 V
was rectified to provide 28 V dec to operate the vacuum pump
motor on the decoder unit.

7. The installation of a transformer and a selenium recti-
fier in the capsule aggravated the welght problem. A dummy
1load was instzlled in a capsule and fllight-tested. The re-
sults were satisfactory but difficulties were encountered in
re-securing the capsule in its rack. The arresting mecha-
nism was redesigned and subsequent tests proved satisfactory.

8. The AN/ASHE-2 equipment was then installed in the HTM-9
towed capsule (figure 2) and operated in the laboratory.

The equipment was found to overheat seriocusgly and a small

air scoop was installed in the capsule to Improve ventilation.
A maximum-reading thermometer was mounted on the detector unit
and another check was made with a fan blowing on the alr
scoop. The eguipment operation proved satisfactory.

9. The first f.ight test with the operating AN/ASH-2 in the
towed capsule was made on 21 March 1957. The output of the
standard intoard AN/ASH-2 installation in P2V-T aircraft

=
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BuNo. 135551 and that of the towed equipment were fed to the
two pens of a single RD-47A recorder fOr comparison. Both
equipments were adjusted to yield nearly equal recorder
readings while sampling the same air. Nc attempt was made
in this first flight to gain operational data. Instead, the
background condensation nuclei level was monitored on the

two equipments as the aircraft flew over New Jersey and a
short distance out to sea. The capsule was let out with 100
ft of cable, providing a vertical separation between aircraft
and capsule of approximately 50 ft. Except for a shorl time-
lag in the towed AN/ASH-2 output, the two reccrder pens
tracked together, indicating that the performance of the
equipment had not suffered in the encapsulation process.
Additional flights could not be made at this time because

the aircraftc was due for cverhaul.

10. After the plane returned from overhaul, towed AN/ASH-2
exercises with controlled submarines were scheduled as par?®
of the SUDEX II operations for 17 and 19 June 1957 in the
Bermuda area, 27 June 1957 off the New Jersey coast, and

10 July 1957 in the New London area. Unfortunately, on

12 June 1957 the towed capsule retrieving rack was inadvert-
ently jettisoned from the aircraft during a flight test of
sonobuoy launching equipment. Another rack was available
put it was the only one of its kind in existence and a com-
plete set of engineering draewings of it did not exlst. Thus
i1t was decided not to risk 1ts possible loss. As a result,
the scheduled towed AN/ASH-2 exercises were cancelled and
the remaining rack was kept as a guide iIn the fabricatlon of
a new rack. The new rack was completed in Qctover 1957.

11. Because of the reguirements of higher priority projects
for the aireraft, it was not possible To schedule further
towed AN/ASH-2 flights until June 1958.

12. On 5 June 1958 a second towed AN/ASH-2 [light was made
with the exhaust trail of a cargo ship as a target. The
exnhaust trail of this ship was tracked back without diffi-
culty on voth invoard and towed equipments for a distance of
40 mi. (It is believed that it could have been tracked fur-
ther except that another ship was in the trail of the first
ship at this 40-mi point.) Seventeen crossings of the tralil
were made at a variety of altitudes and distances from the
ship. In 16 of these cases, signals of approximately equal
magnitude were obtained from voth equipments; iIn cne case (a
crossing only 1 mi away from the ship) the towed AN/ASH-2

c olyNCEASEIMED: & ¢
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signal was appreciably stronger. See figure 3. For these
runs a cable of 150-ft length was used, and it produced a
vertical separation between aircraft and capsule cf about

75 ft.

13. The following 1s a summary of additional data associated
with the exercises of 5 June 1958:

Time of flight€: 0944 to 1330 EDT

Operating area: 30 to 50 mi off Long
Island B

Target: Cargo ship approximately

700 £t long oh course 060
N at abouf 12 k.

Weather: Partly cloudy, clouds at
800- to 1300-ft altitude,
visibility unlimited, air
temperature 15 to 16° C.

Surface wind at NAS

Johnsville {at 0930): 160 deg at 8 k.
Estimated surface wind

in operating area: 065 deg at 10 k.
AN/ASH-2 gain setting: 8000 condensation nuclei

per cu-cm full scale.

Average ccndensation

nuclei level in operating 1600 condensation nuclel
area: e per cu-cm,

Altitudes at whilch abrupt

changes in condensation

nuclei occurred: 1300 and 1900 ff.

1%. On 16 June 1958, a third towed AN/ASH-2 flight was made
with the exhaust trail of submarine S5S-320 as a target.
Thirty-one crossings of the trall were made at alrcraft in-
dlcated altitudes ranging from 250 to 600 ft. On this flight
the aireraft's altimeters were behaving erratically; it 1is
velieved that on some of the crossings the towed capsule was
as low as 50 ft. Once again a cable length of 150 ft was
used. The exhaust trail was tracked back for its full length
of 15 mi. See figure 4.

¢ AUNBASSIRED: & 5
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15. The following 1s a summary of additional data assoclated
with the exercises of 16 June 1958:

Time of flight:

1640 to 2020 EDT

Operating area:

20 to 30 mi south of Montauk

Point, Long Island

Target: Submarine SS-320 snorkeling |
into the wind at 5 k.
Weather: Partly cloudy, about 25% cloud

cover, visibility unlimited,
air temperature 22 to 23° C.
Sea chopoy.

Surface wind at NAS
Johnsville (at 1630)
Estimated surface wind
in operating area:
AN/ASH-2 gain setting:

310 to 320 deg at 20 to 25 k.

240 to 260 deg at 18 to 22 k.
32,000 condensation nuclei per
cu-cm full scale.

Average condensation
nuclel level in oper-
ating area:

8000 condensatlon nuclel per
cu-cm and essentially constant
over altitude range of 250 to

1500 ft.

16. The breakdown for inboard and towed AN/ASH-2 signal in-
tensities for the exercises of 16 June 1958 is as follows:

No. of Percent of
Results Trall Total No. of
- . Crossings Trail Crossings
Inboard and towed AN/ASH~2
signals of essentially equal
intensity. 16 52
Towed AN/ASH-2 signal
appreciably stronger. 3 10
Inboard AN/ASH-2 signal
appreciably stronger. 5 16
Trail detected by inboard
AN/ASH-2 but not by towed
AN/ASH-2 6 19

Trall detected by towed
AN/ASH=2 but not by inboard
AN/ASH-2 1 3

¢ o MNCLASSIFIED: & =
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17. For the types of meteorological conditions encountered

in these towed AN/ASH-2 exercises, in general both equlp-
ments gave indications of the same magnitude. Occasilonally,
however, one equipment would detect the trail while the other
would miss. There appears to be a slight advantage In oper-
ating two equipments separated by some distance in that there
is an enhanced probability that one of them will pass through
an exhaust trail. It is believed that if a longer tow cable
nad peen available (approximately 30C £t) detectlion prova-
bility would have been improved.

18. Tt was also noted in these exercises that the pilots
were reluctant to fly the towed capsule at altitudes lower
than those at which they would be willing to fly the plane
itself without the towed capsule.

19. The following conclusions can be drawmn:

a. Ir general {even along the North Atvlantic coast,
where the low altitude effect was suspected), the lowest
altitude is not necessarily the best altitude for conducting
a search for exhaust trails. The most dependable way to '
find the optimum altitude for conducting a search 1s to
cross repeatedly at varlous altitudes through the exhaust
trail of a known source of contamination (such as a surface
vessel) at a distance of 5 to 10 mi and select the altitude
which ylelds the best signals.

b. It is not possible to specify a single altitude as
the best altitude at which to fly in searching for trails.
The optimum altitude variles with geographical location and
climatic conditions.

¢. No conclusions could be reached regarding an increase
{in concentration of atmospheric salt nuclel associated with
a submarine wake. If such an effect does extst, it 1s below
the operating altitude considered safe for the towed capsule
(estimated as 50 £t for daytime operations). Consideration
is peing given to installing an AN/ASH-2 in a hellcopter or
on a surface craft to investigate this possibility.

d. Operation of the AN/ASH-2 in the towed capsule re-

duces the probability of confusing the aircraflt exhaust
tprail with that of the submarine. This problem has not been

c (Ju’ﬁCLJ¥S§HEgE§JI AL
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considered a serious one and in these exercises no situa~
tions rose to demonstrate the problem. Fresh aireraft trail
signals have a relatively sharp slgnature as compared with
those of a submarine. Additionally, the pilot generally
knows when he has flown through his own trail.

Reported by: (:;;zu«e C7)w.c7}h¢¢mr

Paul M. Moser
Special Methods Division

Approved bys-T " /- e
C. T. Brown, Supefintendent
Special Methods Division

s ey

H. D. Huey
Technical DireokOr
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MEMORANDUM FOR THE RECORD

FROM:

TO:

Subj:

Ref:

Division Director EO & Special Mission Sensors, Avionics, Sensors and E*
Warfare Dept (AIR 4.5.6)

Office of Counsel, Naval Air Warfare Center, Aircraft Division (NAWCAD)

SECURITY RECOMMENDAION FOR FOIA REQUEST, DON FOIA CASE
FILE NUMBER 2015-008952

(a) SECNAVINST 5720.42F, DON FOIA Program, 06 Jan 99

(b) Executive Order 13526

1. Releasable Recommendations. The following documents were reviewed by AIR 4.5.6.

Each of the following documents were found to be releasable in their entirety:

Document (1) of Subj. NAVAIRDEVCEN Report No. NADC-AW-L5902, 24
Mar 1959, “Investigation of a Towed-capsule Installation of the AN/ASH-2
Condensation Nuclei Detector” (AD-B966296)

Document (16) of Subj. NAVAIRDEVCEN Report No. NADC-AE-6759, 16 Jan
1968, “Modified Reconofax VI Infrared Mapping Set with Real Time Inflight
Display” (AD-387513)

Document (17) of Subj. NAVAIRDEVCEN Report No. NADC-AE-6828, 12 Nov
1968, “Modified AN/AAD-2(XE-2) Infrared Detecting Set with Real-Time
Inflight Display (AD-500493)

Document (18) of Subj. NAVAIRDEVCEN Report No. NADC-72167-AE, 10
Apr 1973, “Index of Performance for FLIR (Forward Looking Infrared) Imaging
Devices” (AD-525116)



2. Partially Releasable Recommendations. AIR 4.5.6 recommends pages 27 through 68 are

releasable the following report: Document (20) of Subj. Naval Research Laboratory
Memorandum Report 3240, Proceedings of the Electro-Optics/Meteorology Meeting on 7
Aug 1975, Mar 1976 “FLIR Performance Modelling and its Dependence upon
Climatology and Meteorology “(AD-D516929L). All other data in this report is not under
the technical authority of AIR 4.5.6.

4. Basis of Recommendation. All information was reviewed with current class guides and
what is considered open source information. Appropriate recommendations made above
with respect to findings. Documents found with portions releasable were sanitized based
on class guides and reference (b). Such disclosure of Department of the Navy classified
information would give potential adversaries insight that would present a significant
threat to national security.

5. Exemptions Utilized. Two separate exemptions were utilized in the determination of what
information should be sanitized or exempted from release via Freedom of Information
Act (FOIA) request process. All current Classified Military Information (CMI) has been
sanitized out of the document under FOIA Exemption 1, Executive Order 13526 Section
3.3(4). This Executive Order Section covers CMI that was originally classified over 25
years ago from date of this memorandum. Subject matter experts within AIR 4.5.6 were
utilized in making the exemption determinations.

6. Point of Contact. The point of contact for this security review and recommendation is Mr.
Paul W. Reimel, AIR 4.5.6 Division Director, paul.reimel@navy.mil, 301-342-0100.

2/28/2017

X Paul W. Reimel

Paul W. Reimel

Signed by: REIMEL.PAUL.W.1229241016
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