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(expected completion June 1969), the electronics and meteor-
ological eguipment will be removed from the rotary bomb door
and relocated. A fuel tank will be installed in the bomb-
bay area. Range capability is expected to be increased to
1900 mi. (Unless otherwise stated, figures presented in this
section are applicable to the aircraft characteristics prior
to modification, since actual test data are not available.
Information will be presented after some experience has been
gained with the modified aircraft.)

The cabin, which may be pressurized at altitudes above
10,000 ft, houses the crew stations for pilét and navigator/
meteorologist, who also serves as the flight director. The
pilot's station contains all eguipment and controls necessary
to flight, while the navigator/meteorologist's position,
located aft of the pilot, contains navigational equipment and
meteorological instrumentation controls and read-outs (see
sec. 5).

Pilot and navigator/meteorologist haVé ejection seats
that are covered by a jettisonable transparent canopy and
solid hatch, respectively, for emergency evacuation.

Main fuel tanks are located in the center section of

the fuselage. The bomb door is located on the underside of
the fuselage. In the unmodified configuration, the rotary
bomb door contains approximately 80 percent of the meteor=-
ological electronic equipment. The door may be lowered or
rotated to a semivertical position for easy access and ground
maintenance. The aft section of the fuselage contains the
remainder of the electronic support and meteorological equip-
ment and a stowage area for miscellaneous B-57A ground handling
egquipment.

Wings of the aircraft are of the full=-cantilever type
containing the leading-edge fuel tanks, inboard and out-
board split-type flaps, dive brakes, and provisions for

wing tip tanks. The aircraft has no anti-icing equipment.
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Field elevation and nonstandard meteorological conditions are
also factors for computing the runway requirements. Figures
for the modified aircraft are not currently available; however,
those given above are not expected to change materially.

Cruise Control. The RFF B-57A aircraft is flown in accord-

ance with specifications supplied by the manufacturer. Fuel
consumption rates are given above.

Flight Planning. Fuel consumption and type used, flight

altitude and range combine to determine flight duration.

These items have been previously discussed in this section.
Planning for jet aircraft operations is more critical than for
other aircraft, due primarily to the low fuel reserve main-
tained for maximum duration missions and the need for additional
reserves to alternate airports in the event of poor terminal
weather conditions. The expected range of the RFF B-57A with
modifications is approximately 1900 n mi with landing reserve
fuel of about 40 min. For planning purposes, a 4-hour, 50-min
mission with 950-n mi radius of action can Be expected. (see

table 3 for a summary of significant operational information.)

3.3 RFF C-54 (DC-4) Aircraft

3.3.1 Design Characteristics

The RFF C-54 (DC-4) (fig. 3) manufactured by the Douglas
Aircraft Company is a long-range, four~engine (reciprocating
type) land plane. It was originally designed for long-range
cargo, troop, or personnel transport. In its current config-
uration, the aircraft is used for research/operational missions
and as a test-bed for developmental instrument and recording
systems.

The economy of operating the C-54(DC-4) makes it de-
sirable for limited-budget data collection programs that do

not require a high performance airplane.
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4.3 Fuel/0il

Fuel and oil are required as follows:
(1) DC-6
(a) AVGAS 115/145; 100,000 gal.

(b) 0il AD-1120 grade; 960 gal.
(Other grades may be acceptable but will limit
altitude capabilities of the aircraft; see
sec. 3.2.1.)

(3) C~54(DC-4)
(a) AVGAS 100/130; 26,000 gal.
(b) 0il AD~1120; 480 gal.

4.4 Transportation
Transportation normally required consists of (1) a one-
half-ton pickup truck (or suitable substitute), (2) one
stationwagon (or suitable substitute), (3) necessary crew

(approximately 34) transportation.

4.5 RFF Instrument and Aircraft Spares
RFF will determine the requirements for instrument and
aircraft spares. Normally, these reqguirements are functions
of the nature and duration of the mission, the location and
availability of required spare parts (locally), or the asso-
ciated logistical support connections with the main base of

operations and supply (usually Miami) or both.
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5. RFF AIRCRAFT NAVIGATIONAL AND OPERATIONAL PRACTICES

5.1 General Introduction

From an operational point of view, research missions
involving the RFF aircraft are quite complex. After a data
collection experiment has been designed to accomplish the
researcher's scientific goals, the RFF must translate these
objectives into a workable operational program,

Coordination with the Federal Aviation Agency (FAA) for
special handling requirements, such as control, permission
to release dropsondes, and obtain area or sector reserved
air space, is of paramount importance to the overall success
in the operational performance of the mission.

This chapter briefly discusses navigational and opera-
tional practices of the RFF aircraft. Logistical support for
the aircraft on staging operations, another important factor
in the overall planning stages of a research mission, was

covered in section 4.

5.2 Navigational Practices

Routine navigational problems encountered by the RFF
during mission planning and operations stages are treated in
accordance with standard USAF procedures and are defined un-
der existing regulations (FAA, ICAO).

On all research or operational missions, at least one
qualified USAF and/or FAA certified chief navigator is an
integral part of the flight crew. In addition to providing
position and other information required by the pilot, the
navigator aids the flight director (lead meteorologist on the
aircraft) in successfully carrying out the scientific mission
requirements. Research flights often involve complicated de-
viations from preselected patterns. The navigator's ser-

vices are indispensible in helping to provide the researcher
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Figure 6b. Navigator/meteorologist's position
(side view), RFF B-57A aircraft.
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5.3 Operating Practices

Operational or mission practices of the RFF concerning
its mission objectives, in-flight responsibilities, pre-
planning and coordination are discussed in this section. RFF
aircraft are operated in accordance with appropriate CAR and
FAA regulations and with approved safety of flight procedures.
This body of rules serves as the foundation for RFF SOP
(standard operating procedures) . The RFF SOP prescribes the
minimum amount of crew rest necessary between flights, the
amount of usable fuel required for reserve or alternate air-
port requirements or both, the nature and frequency of per-
iodic scheduled inspections and replacements, crew proficiency
and training, and safety of flight equipment. In unusual
circumstances where no SOP have been established, the chief
of the RFF or his designated alternate, usually the chief

pilot or operations officer, provides guidance.

5.4 1In-Flight Responsibilities

The flight director (RFF senior flight meteorologist) on
each aircraft is responsible to see that all necessary action,
with regard to flight patterns and equipment operation and
schedule for his aircraft, is taken to accomplish a researcher's
mission requirements. Figures 8 and 9 show the flight direc~
tor's position on RFF DC-6A/B and C-54(DC~4) aircraft, re-
spectively. The RFF encourages users of their aircraft to have
a representative of the scientific project on each flight when
practicable. In this manner, each project has an on-site repre-
sentative working closely with the flight director.

The flight director is responsible for carrying out the
primary mission objectives. Any and all changes in flight
must be coordinated with him. It is the responsibility of
the flight director to keep the project or visiting scientist
informed on mission brogress, to anticipate difficulties

that might require alternate action, and to be responsive, as
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far as practicable, to the desires of the project scientist
to the fullest extent that instrumentation, aircraft capa-
bilities and safe operational practices will permit. The
visiting scientist's position on RFF DC-6A/B is shown in
figure 10. The flight director coordinates any requests for
changes in flight track, altitude, mission duration, or other
changes that concern flight operations. Final responsi=-
bility for the safety of the aircraft remains, naturally,
with the aircraft commander,

The in-flight senior electronics technician has direct

supervision over the function and operation of the meteoro«

Figure 9. Flight director's position,
RFF C~-54 (DC-4) aircraft.
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flight information publications enroute supplements. When
circuit conditions permit, a direct phone patch between the
aircraft and FWF JACKSONVILLE (via AUTOVON Number 431-~1660)
will be arranged by the ground station (as above). When cir-
cuit conditions warrant, phone patches can be made to any
AUTOVON and most commercial telephones. USAF has authorized
the use of "Immediate" priority for transmission of Hurri-
cane Reconnaissance Reports. Whenever conditons are not of
phone-patch quality, the aircraft requests ground station to
relay via AUTOVON, teletype, commercial long distance phone,

or whatever means is most expeditious.

6.3.4 Navy Universal Air-Ground (CW) Circuit

If communications cannot be established and maintained
on circuits as outlined, the Navy Universal Air-Ground (CW)
Circuit will be used. "TANGO" instructions will be in-
cluded on messages passed on this circuit.

The following frequencies have .been assigned for

emergency and stress:

Frequency Emission Use
500.0 kHz CW International distress

and calling frequency

2182.0 kHz v International distress
and calling freguency

2678.0 kHz v Coast Guard calling
and working fregquency

5680.0 kHz \Y Search and rescue
control (Coast Guard)

5695.5 kHz V/CW Rescue rescue
control (Navy)

8364.0 kH=z CW International lifeboat,
liferaft and survival
craft frequency

121.5 MH=z v Emergency and distress
for aircraft and ships
SAR and VHF/DF primary

243.0 MHz \Y% Military common emergency
frequency, UHF
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APPENDIX
RFF~-SUPPORTED RESEARCH

Since 1960, researchers have employed the RFF for data
collection, processing, and related services.

The summaries of operations presented in this appendix
are taken from publications of the research organizations,
which are referenced, or from personal communications.

*
A.l1 National Severe Storms Laboratory, ESSA
Principal Investigator: Dr. Tetsuya Fujita,
University of Chicago

During a 7-year period beginning in 1961, Dr. T. Fujita
and his associates at the University of Chicago, working
closely with the NSSL staff, participated in severe storms
research programs with RFF aircraft. Dr. Fujita, under contract,
served as a consultant to NSSL for the design of the aircraft
program and the analysis of collected data. In order to ful=-
fill the objectives of the severe storms investigations, he
emphasized using RFF alrcraft to provide wind-field data
around isolated and line (severe) storms. He found that Doppler
winds are extremely useful for the mapping of flow patterns at
approximately constant pressure levels.

The following is a brief history of the operational,
research and calibration flights made by the RFF for NSSL
from 1961 to 1967.

1961: During the spring operation in Oklahoma, Dr.
Fujita, working with Dr. C. Newton who was then associated with
NSSL, used the RFF aircraft to make measurements of meteorolo-
gical parameters around isolated thunderstorms at the 850-,

500~-, and 200-mb pressure levels.

*Formerly designated National Severe Storm Project (NSSP).
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a squall line over the network, and one with very weak west-
erlies in which a storm developed and moved northward.

1967: The basic objective of the NSSL program for 1967
was to gain understanding of the kinematic and dynamical
properties of severe storms by measuring meteorological para-
meters in such detail that the energy and water budgets of a
few thunderstorm situations and the shapes of the associated
air circulations would be well defined by careful analyses.
This operation was designated "Project Rough Rider."

From the preceding history of Dr. Fujita's and NSSL's use
of the aircraft and services of the RFF, it is evident that
earlier experiences served both the researcher and the RFF in
the evaluation and development of subsequent research objec-

tives and flight programs.

A.2 Project Stormfury
Principal Investigators: Dr. Joanne Simpson,
Chief, Experimental Meteorology Branch,
Atmospheric Physics and Chemistry Laboratory, ESSA
and Dr. R.C. Gentry, Director, National Hurricane
Research Laboratory, ESSA.*

Stormfury is a cooperative joint project of the Depart-
ment of Commerce (ESSA) and the Department of Defense (Navy
and Air Force). It is a major data-gathering and research
program in ESSA supported by the RFF.

The major objectives of Stormfury are to (1) gather
data to determine the mechanism of tropical clouds, storms
and hurricanes; (2) gather data to determine the natural
fluctuations in tropical storms and hurricanes; and (3) moni-
tor tropical hurricanes and cumulus clouds, before and after
seeding with silver iodide pyrotechnics to determine if seed-

ing caused measurable changes in the storm or cloud mechanisms.

*Dr., Simpson served as director of Project Stormfury
through 1967; Dr. Gentry then took over as director of
the project.
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Table A.1 Flight Programs

Date Area Purpose

3/14/65 Miami-Aruba-Miami To investigate the CO2
distribution in sub-
tropical high areas

3/19/65 Miami-U.S. East Air mass modification
Coast~-Miami experiment (Dr. L.
Machta, principal
investigator)

4/1/65 Miami-Miami To investigate the
CO_ distribution over
the sea

3/5~6/66 U.S. East Coast Air mass modification

experiment (Dr. Machta)

4/27-29/66 Miami-Panama=- To investigate the CO
Equator-Miami distribution over ITC
areas

A.5 International Indian Ocean Expedition

Principal Investigator: Dr. Colin S. Ramage
Meteorological Director, (IIOE).

1963: May 11 through July 10.

Several flights were made across the Bay of Bengal from
Madras, India, to Bangkok, Thailand, to obtain information
about meteorological conditions during the early part of the
summer (wet) monsoon.

Two penetrations of a cyclonic storm of hurricane in-
tensity, which occurred in the Arabian Sea, were made.

A mission to observe summer monsoon circulation condi-
tions in the western Arabian Sea was made by following stream-
lines in the surface wind flow from Bombay to Aden and

Nairobi (East Africa) and returning along the same route.
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A.7 Radiation Branch, ESSA

Principal Investigator: Dr. H. F. Mueller, Chief

RFF aircraft were requested to participate in three
activities during 1966 concerning nuclear reactor experiments
conducted by the Westinghouse Astronuclear Laboratory and the
Space Nuclear Propulsion Office at the Nuclear Rocket Develop-
ment Station, Jackass Flats, Nevada. These experiments were
designated NRX/EST, EP IV, 3/16/66; NRX/EST, EP IV, 3/25/66;
and NRX-A5, EP IV, 6/23/66.

"Nuclear rocket experiments produce a radioactive effluent
which is released to the atmosphere and transported for great
distances by the prevailing winds. The effluent becomes mixed
in a layer from the earth's surface to heights like 15,000'
MSL. It is the responsibility of ESSA, ARFRO to predict the
trajectory and transport speed of this effluent and to make
estimates of downwind air concentrations of the radioactive
fission products released. B

"The scale of this problem and the paucity of meteorological
observations in the western United States makes the problem of
predicting trajectories and concentrations and of evaluating
the observed radiological data a difficult one. Meteorological
information, wind, and temperature sounding obtained by air-
craft are very desirable operationally, if they are available
in real time. Diagnostically, they are useful in establishing
post-facto trajectories of the effluent cloud. Radiological
data from ground monitoring activities, in general, are guite
sparse, and it is very important to be able to determine the
representativeness of each piece of information in order to
evaluate downwind concentration prediction capability. Air-
craft data, both radiological and meteorological, assist im-
measurably in accomplishing this evaluation by establishing
the aerial extent of the cloud, the vertical and horizontal
distribution of the radioactivity, and the winds and temp-

erature structure affecting the cloud.
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"These comments are general and may not provide much
grist for your report. However, I am counting on what should
be the contributions to come from those who have spent the
larger portion of the time in research on the data you acquired
with the aircraft" (Dr. R. H. Simpson, 1967, personal communi-

cation) .

A. 10 Institute of Marine Science
University of Miami: Hurricane Tritium Project (1965-1967)

Principal Investigator: Dr. G. Ostlund

(1) Mission Objectives. The primary mission objectives for

the tritium project are the sampling of liquid-water

(precipitation) and atmospheric water vapor. These

samples are analyzed for tritium in order to:

(a) Study the air/sea exchange of water in hurricanes.

(b) Investigate the possible occurrence of strato-
spheric subsidence into the hurricane eye.

(¢c) Examine the natural modification of a continental
alr mass over water (a study made in collaboration
with Dr. Machta of ESSA's Air Resources Laboratory).

(d) Study the vertical distribution of tritium in
tropical atmosphere.

(2) Projects and Associated Flight Patterns. Many differ-

ent flight patterns have been used in conjuncfion with
the projects listed below; however, only the most effec-
tive patterns used to date are mentioned.
(a) Air/Sea Exchange of Water in Hurricanes:
"The best flights thus far have been long diametral
crossings through the storm center (eye), starting
well outside the storm envelope on one side and
ending well outside the storm envelope on the
opposite side. If two diametral crossings were

used, they were at right angles to each other
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