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N C A R  Facilities  
Perspectives-- 

P ast  an d  Future

U pon assuming the directorship o f the 
Facilities Laboratory (FAL) o f NCAR last 
September, it was only natural that I re
examine our mission and effectiveness. In 
view of the recent sharp decline in research 
funds, the original goal o f FAL —  to develop 
and operate major research support facilities 
too large to be sustained at a single university 
- - i s  even more valid today. Clearly, we must 

use our available resources wisely and share 
them equitably. NCAR’s efforts in this direc
tion have met with mixed success. While our 
Com puting and Scientific Balloon Facilities 
receive almost universal acclaim, the others 
have been the subject of both high praise and 
harsh criticism.

Although we recognize deficiencies in the 
performance of some of the aircraft and field 
observing systems, this is not the major source 
of the criticism. Instead it stems largely from 
NCAR’s schizophrenic personality: we must 
serve two m asters— internal NCAR research 
programs and the broader university com
m unity. Conflicts in the demands from these 
two powerful masters are inevitable, and in 
trying to serve both we often fail to satisfy 
either. Moreover, the problem is exacerbated 
by the exceedingly wide range and often 
co n flic tin g  research requirements o f the 
universities.

With limited resources, there is little hope 
that our difficulties will be eased in the 
future. Instead we shall have to recognize and 
live within our constraints. We have no t been 
able and should not try to be all things to all 
people. We must identify the most im portant 
needs and focus our efforts. What we choose 
to do m ust be done exceedingly well. And we 
must work vigorously toward developing both 
the spirit and reality of a partnership in 
atmospheric science between NCAR and the 
university comm unity. If  we are to survive the 
difficult budget years ahead, we can no longer 
regard each other as competitors. To this end 
we pledge a fair share of NCAR’s resources to 
university programs.

The success o f our jo in t endeavors will also 
depend on effective communications through
out the UCAR family. Greater selectivity in

programs implies wiser judgments and more 
compromises; and this calls for increased 
comm unication with and counsel from the 
u n iv e r s ity  c o m m u n ity .  We need your 
guidance in developing our long-term plans 
and your support in implementing them. We 
welcome your active participation in all 
phases o f our program, whether it be in 
project conception or research operations. 
And you must be aware o f the full range of 
our capabilities and limitations. W ithout this 
exchange, the kind o f informed, constructive 
criticism which we seek would be impossible.

With the first issue of Atm ospheric Tech
nology (formerly known as Facilities fo r  
Atm ospheric Research) we inaugurate a more 
vigorous effort to communicate with the 
community which we are dedicated to serve. 
This and five issues following will be devoted 
to comprehensive reviews of each of the facil
ities. We hope that these reviews will serve to 
provide an up-to-date picture o f our present 
posture and the direction o f our future 
thrusts. At the same time, they should serve 
prospective users as guidebooks to the con
siderable research resources at NCAR.

While it is not intended that Atm ospheric  
Technology compete with existing scientific 
journals, we welcome the submission of 
articles dealing with modern problems of 
atmospheric observation, measurement, and 
computing. We are eager to hear o f new and 
promising concepts either before their feasi
bility has been demonstrated or only after 
preliminary trials; to  know how existing 
instruments and systems are performing; and 
to learn about exciting new research applica
tions o f technology. Although there are no 
firm restrictions on the style o f the articles, 
we prefer short papers o f interm ediate tech
nical level —  those which would be readable 
by a broad segment of the atmospheric 
comm unity w ithout in-depth background in a 
particular specialty. Letters to the editor are 
also solicited.

In our first issue we have chosen to de
scribe in detail the Research Aviation Facility.
I am sure that all of you who know the RAF 
and who have had a hand in its creation and

development join me in applauding the pro
gress that has been made over the past nine 
years. Today this facility offers a truly unique 
research capability not available to atm o
spheric science through any other source. This 
progress has, o f course, come about through 
the dedicated efforts o f the individual facility 
members and through the help and good 
counsel o f many of you who have had the 
vision to recognize the vital role o f aircraft 
platform s in atmospheric research.

While we are proud of the past perfor
mance of the Aviation Facility, we look 
forward to a period of still greater achieve
m ent and development. We are just now 
beginning to appreciate the great value o f the 
inertial navigation systems and the on-board 
data systems installed on the Sabreliner and 
the Buffalo. The NCAR Electra aircraft, 
which will become fully operational during 
the next 12 m onths, will not only duplicate 
the very fine measurement system developed 
by Telford and Lenschow for the Buffalo, but 
will also, because of its greater load-carrying 
capacity and range, allow us to use other very 
promising systems such as the wind-finding 
dropsonde, airborne weather radar, and infra
red mapping.

The introduction of air m otion sensing 
systems into our complement o f instruments 
has ushered in a new era in atmospheric 
investigations by aircraft. We share both the 
excitem ent o f the various scientists who have 
already exploited these tools and the keen 
anticipation o f the resulting fundamental 
advances in our knowledge. We are pleased 
that NCAR has been at the forefront o f these 
developments and look forward to serving the 
atmospheric sciences comm unity in equally 
fruitful ways in the years ahead.

0 J  (ii
David Atlas
Director
Facilities Laboratory
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Opportunities
fo r  A irb o rn e  R esea rch

The Research Aviation Facility has 
developed a unique capability to pro
vide the atmospheric sciences com
munity with research aircraft and the 
allied services of integrated systems 
eng in ee r in g ,  developmental testing, 
and evaluation of new instrumenta
tion. Our goal is the highest standard 
o f  excellence in providing research 
and experimental sensors, systems, 
and flight operations. Through these, 
we offer a number of unusual oppor
tunities for airborne investigations.

We hope that this special issue of 
A tmospheric Technology will better 
acquaint university readers with our 
capabilities and procedures. The issue 
describes each of our aircraft and the 
s c ien t i f ic  instrum enta tion  aboard; 
sep a ra te  articles deal with special 
systems such as an inertial navigation 
platform, wind gust probes, infrared 
scan n e r ,  particle size spectrometer, 
and optical flowmeter. Aircraft data 
recording and processing techniques 
are described and options for post- 
flight data output are itemized. The 
issue begins with a summary of the 
RAF’s history and mission and ends 
with an analysis of airborne research 
opportunities in the 1970s— a decade 
that will be highlighted by the joining 
of international efforts in the Global 
A t m o s p h e r i c  R esearch  Program  
(GARP).

Our de Havilland Buffalo is one of 
the few aircraft in the world instru
m e n te d  to provide turbulence and 
momentum flux measurements vital to 
a wide variety of studies ranging from 
problems of the boundary layer to 
the flow around convective storms. 
The Buffalo’s special instrumentation 
was developed largely in response to

the impetus of James W. Telford of 
the Desert Research Institute and 
Donald Lenschow of NCAR.

Our Sabreliner aircraft is specially 
instrumented to measure high tropo
spheric and stratospheric turbulence 
(CAT) and air motions; to measure 
infrared radiation and water vapor in 
the high atmosphere for studies of 
solar processes; to collect aerosol and 
trace gas samples for air chemistry 
studies; and to drop sounding devices 
into thunderstorms. Both the Sabre
liner and the Buffalo are participating 
in the National Hail Research Experi
ment (NHRE), a large multi-agency 
investigation of hail-producing convec
tive storms. This winter both aircraft 
are also participating in the Wave 
Momentum Flux Experiment, another 
multi-agency program that will pro
vide definitive data on the effect of 
mountain lee waves on larger atmo
spheric circulations.

Our Queen Airs are equipped with 
multiple instrumentation capabilities 
for investigation of air motions, cloud 
physics, atmospheric chemistry, infra
red radiation, atmospheric electricity, 
and their interactions. The aircraft 
have been particularly useful in ex
periments requiring great versatility, 
such as the Line Islands Experiment 
in 1967.

Our long-range Electra turboprop is 
be ing  o u t f i t t e d  to  participate in 
experiments related to GARP; it will 
provide the universities with an air
craft that has both basic and highly 
specialized measurement capabilities 
and that can serve as a “standards” 
a irc ra f t  for all GARP participants. 
Three articles in this issue are devoted 
to the Electra and its instrumentation 
and data management systems.

Guidelines for obtaining RAF ser
vices are presented in the article 
“ P ro jec t  Support Procedures.” We

encourage prospective users to call or 
visit the Facility to explore research 
possibilities before applying. An im
portant part of the support procedure 
is the review of the requests by the 
Research Aviation Facility Advisory 
Panel, composed primarily of university 
scientists with extensive experience in 
research aircraft programs. Once the 
Panel has recommended approval, the 
RAF assigns a team of specialists (mete
orologists, engineers, pilots, technicians, 
and others) who work with the investi
gator throughout the program— from 
early planning through post-flight data 
analysis. The team’s task and motivation 
are to insure the programs’ success.

We welcome joint experiments be
tween university and NCAR scientists 
and encourage the dovetailing of piggy
back experiments into on-going opera
tions such as NHRE. We are also eager 
to provide instrumentation, engineering, 
and operational planning services to in
vestigators who use other aircraft in 
their programs. The article “Aviation 
Field Program Activities” includes a 
summary of projects supported through 
the years.

No summary can reflect the value of 
scientific results that have been based 
on experiments flown by the RAF—  
results that have included a large num
ber of Ph.D. dissertations. We continue 
to be gratified by the many acknowledg
ments from individual scientists whose 
work could not have been accomplished 
without air support. In the years ahead 
we plan to continue serving the atmo
spheric sciences community with pro
gressively improved capabilities.

John W. Hinkelman Jr. 
Manager
Research Aviation Facility
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H istory  and  M ission  
o f the 

R esea rch  Aviation  Facility
John Dee

Early NCAR planning recognized the 
scientific community’s need for access 
to a national facility that could provide 
airborne project support and other ser
vices that were beyond the capabilities 
of an individual university to establish 
or maintain.

As part of its procedure for estab
lishing facilities for the joint use of the 
scientific community, NCAR appointed 
a National Aircraft Facility Survey 
Group in July 1963. The group was 
composed of scientists having broad 
experience with research aircraft and 
included two NCAR staff members. The 
task of the group was to study and 
report upon requirements for research 
a irc ra f t ,  instrumentation, and data- 
handling systems, and to recommend

the means for fulfilling these require
ments. The group was further asked to 
recommend specifically to what extent 
NCAR should participate in the devel
opment of the requisite facilities.

The group’s report, submitted in 
December 1963,1 concluded:

(1) Aircraft platforms are invaluable 
for obtaining measurements of atmo
spheric variables in many kinds of 
experiments aimed at furthering our 
understanding of the atmosphere.

(2) The overall needs for aircraft 
observations in atmospheric research are

1 An Aviation Research Facility for the Atmo- 
spheric Sciences, Report  o f  the NCAR 
National Aircraft Facility Survey Group,  
R o b e r t  A. Ragotzkie , Chairman, NCAR 
Technical Note 6 4 - 1 .

John B. Dee Jr. earned a B.S. degree in mechanical engineering from  the 
Polytechnic College o f  Engineering in Oakland, Calif, a certificate in 

meteorology from  the University o f  California, Los Angeles, and an M.B.A. 
degree in 1961 from  George Washington University, Washington, D.C. He retired 

from  the U.S. Air Force in 1968, after completing 20 years active duty with 
the Air Weather Service in command and sta ff weather positions. He joined 

NCAR in 1968 and is the R A F ’s deputy manager fo r  administration.
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so many and varied that they cannot all 
be met by any single national facility. 
Rather, they can only be satisfied with 
aircraft flight research activities within a 
wide variety of organizations, such as 
the Armed Forces, the Weather Bureau, 
NASA, the airlines, or individual univer
sities. The required role of the NCAR 
aviation facility lies between the light- 
plane capability of universities and the 
mission-oriented activities of the various 
government services.

(3) In view of the virtually axiomatic 
need to fly in the atmosphere in order 
to learn about it, and in view of its sta
ture as “The National Center for Atmo
spheric Research,” it is therefore incum
bent upon NCAR to establish and 
operate an aviation facility.

(4) This NCAR aviation facility can 
and must serve many of the common 
needs of the national atmospheric re
search community in two basic ways. 
First, it must satisfy the strong need for 
a centralized source of information, 
advice, liaison, and training concerning 
a i rc ra f t  for atmospheric research. 
Second, it must also fulfill the/Cipera- 
tional function of instrumenting and 
flying aircraft in support of atmospheric 
research.

(5) This latter operational function 
must eventually serve several of the 
needs of atmospheric scientists in the 
universities. The specific nature of this 
support must await the development of 
an aviation capability within NCAR, 
and it is strongly recommended that this 
prerequisite capability-in-being be estab
lished by first serving the needs of the 
atmospheric scientists within NCAR.

These conclusions prompted the sur
vey group to recommend that NCAR 
establish an aviation capability as a 
means for helping to meet present and 
future research requirements of the 
atmospheric science community. It was 
the view of the group that this capabil
ity more nearly fits into what UCAR 
has termed a national facility than a 
support facility for NCAR alone. In 
March 1964 UCAR approved the crea
tion of such an aviation facility.

The Aviation Facility was formally 
established in April 1964 under the

direction of John W. Hinkelman, Jr., an 
original member of the survey group. 
The mission of the Facility was to 
provide:

(1) An operating flight group de
signed to support the internal needs of 
NCAR programs and the expanding 
needs  o f  the genera l s c ien t i f ic  
community.

(2) A systematic exchange of infor
mation within the scientific community 
concerning the aircraft and instrumenta
tion being used in atmospheric research, 
and assistance in arranging for the 
cooperative use of available aircraft 
flight time and payload space.

(3) Technical assistance to the com
munity in developing aircraft instrumen
ta t ion  and data recording/reduction 
systems.

(4) Liaison between the community 
and federal regulatory bodies— such as 
the FAA and the FCC— emphasizing 
the needs of scientists in a time of 
growing restrictions on airspace and 
frequency assignments.

(5) Cooperative training programs 
providing a locale and facilities for 
summer programs in which graduate 
students in the atmospheric sciences 
may participate.

In May 1964 NCAR leased its first 
aircraft, a new all-weather twin-engine 
Beechcraft Queen Air 80 (N303D). 
During July and August 1964, the 
Queen Air was flown near Key West, 
Fla., and Madison, Wis., in the Aviation 
Facility’s first research support mission. 
The flights were for Doyne Sartor of 
NCAR’s Laboratory of Atmospheric 
Science (LAS) and for Stig Rossby, then 
of  the University of Wisconsin. In 
S ep tem b er  1964 authorization was 
received to purchase the Queen Air and 
during the remainder of the year it was 
flown in three other LAS programs. By 
the end of 1964, research flight time 
totaled 290 hr and the Facility had 
seven full-time staff employees. Rapid 
increase in flight support requirements 
led to the leasing of a second Queen Air 
A -80 (N304D) in May 1965 and a 
third one (N306D) in May 1966.

In the fall of 1965 the newly re
nam ed R esearch  Aviation Facility

(RAF) established an Operations Base in 
a leased hangar at Jefferson County 
Airport 19 km southeast of Boulder, 
where it had previously leased limited 
hangar space with no shop and with 
inadequate storage space. The newly 
leased quarters provided 465 m 2 of 
hangar space and 140 m 2 of office, 
laboratory, maintenance, and storage 
space. The Operations Base provided 
adequate quarters until December 1970, 
when a new hangar was completed with 
funding by the National Science Foun
dation . Dedication ceremonies were 
conducted on 6 Feb. 1971 with the 
H o norab le  G ordon  L. Allott, U.S. 
Senator from Colorado, as the principal 
speaker. The new facility provides 
1,600 m2 of hangar space and 660 m2 
of office and laboratory space.

As early as July 1964 developmental 
and test programs had begun, with the 
first projects the development of a re
verse flow thermometer and a frost- 
point hygrometer. Early in 1965 devel
opmental work began on ARIS (Aircraft 
Research Instrumentation System), and 
the prototype system was tested and 
evaluated by July 1965 (see article on 
ARIS in this issue). Over the years the 
RAF has continued to upgrade its in
s t ru m  e n tation/sensor data-acquisition 
systems and to carry out aircraft modifi
cations to enhance the research support 
capabilities available to the scientific 
community.

Early in 1967 the RAF participated 
in its first large-scale field program—  
the Line Islands Experiment. A Queen 
Air aircraft, operating from an aban
doned military airfield on Palmyra Is
land, flew 60 research flights totaling 
265 hr. A six-man team set up a tent 
hangar, and established facilities for in
strument calibration, instrument and air
craft repair, and air traffic control. More 
than 8 million measurements were re
corded on magnetic tape, and more than
400,000 cloud photographs were taken.

R e q u ire m e n ts  to  support high- 
altitude research programs resulted in an 
in-depth study of the utility of light 
twin-jet aircraft for atmospheric re
search. The study was completed in 
August 1965 and the next month
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NCAR contracted with the North 
American Rockwell Corporation for a 
modified Sabreliner Model 60 jet air
craft. In October 1968 NCAR accepted 
delivery of the Sabreliner. The aircraft 
underwent additional internal modifica
tions through March 1969 and became 
fully operational in June 1969.

Just a month earlier NCAR's de 
Havilland DHC - 5 Buffalo aircraft be
came operational. NCAR had acquired 
the twin-turboprop aircraft from NASA 
in March 1968; the aircraft underwent 
modification and modernization until 
May 1969. Installations included a re
search nose boom, auto-pilot, distance- 
measuring equipment, oxygen and inter
com systems, a special electrical system, 
and an inertial navigation system and 
doppler radar. With the acquisition of 
the Buffalo the lease for the third 
Queen Air was terminated in Septem
ber 1968.

On 23 Oct. 1968 the Queen Air 
N303D was lost while on a research 
mission over Lake Superior. An NCAR 
staff pilot, a contract pilot, and a scien
tist from the University of Wisconsin 
lost their lives in the accident; the

victims were Robert C. Carew, Gor
don E. Jones, and V. Krishna Menon.

The fact that the contract pilot and 
scientific observer did not have NCAR 
accident insurance coverage led the 
RAF Advisory Panel to recommend that 
NCAR take steps to make certain all 
occupants of NCAR aircraft are insured. 
As a result, NCAR concluded arrange
ments for $50,000 accidental death and 
dismemberment insurance to cover all 
personnel who are not UCAR/NCAR 
employees while flying in (1) airplanes 
owned by UCAR or NSF and operated 
by NCAR or contract pilots; (2) air
planes leased by NCAR and operated by 
NCAR pilots or contract pilots under a 
flight service agreement; and (3) air
planes with a pilot chartered by NCAR 
and operated under NCAR direction. 
The extended coverage does not include 
non-UCAR passengers in aircraft of 
o the r  agencies (NASA, NOAA, Air 
Force, non-UCAR universities, etc.) 
even though they may be operating as 
part of UCAR-sponsored operations.

Research requirements for the Global 
Atmospheric Research Program (GARP) 
prompted a detailed study by RAF

personnel in 1971 to determine what 
aircraft would best meet the specifica
tions for long-range research flights. The 
Lockheed Electra was selected for its 
operational features, availability, and 
relatively low cost. A long-range Electra 
was leased in May 1972 and ferried to 
the Lockheed Aircraft Service Co. at On
tario, Calif., for engineering studies and 
modification for research instrumenta
tion. The modifications are scheduled to 
be completed by April 1973. Instrumen
tation will proceed to June 1973 and 
in-flight systems tests will continue 
through April 1974. The Electra will 
support the Air Mass Transformation 
Experiment (AMTEX), near Japan from 
January through March of both 1974 
and 1975, and the GARP Atlantic 
Tropical Experiment (GATE), over the 
eastern Atlantic, from June through 
September 1974. The RAF’s present 
aircraft fleet also includes a specially 
engineered Beechcraft Queen Air B - 80, 
acquired in June 1970. The aircraft was 
fully instrumented and placed in full
time research support in October 1970.

RAF ATMOSPHERIC RESEARCH SUPPORT

YEAR
NUMBER OF 

RESEARCH PROGRAMS
NUMBER OF 

FLIG H T HOURS

1964 5 290

1965 13 989

1966 22 1347

1967 20 1768

1968 29 1417

1969 28 1041

1970 24 1054

1971 28 1102
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Project Support  
P rocedu res
John Hinkelman

In order to provide maximum sup
port to as many deserving scientific 
programs as possible, the Research 
Aviation Facility uses formal request 
procedures and makes optimum use of 
the RAF Advisory Panel. Six atmo
spheric scientists normally serve on the 
panel, with members including one 
scientist from NCAR, one or two from 
governmental agencies, and the others 
from UCAR universities. The term of 
service is normally three years with one 
third of the members being replaced 
each year. The Panel meets for one or 
two days twice a year and is charged 
with the following responsibilities:

•  To review the RAF’s current status 
and future plans as reported by the 
Facility Manager; to make appropriate 
recommendations, critical reviews, and 
estimates of future requirements con
cerning RAF operations; and to recom
mend time allocations for non-NCAR 
users.

•  To assess the scientific merit of 
proposals and to recommend priorities 
based on merit and need.

•  To consult with and advise the 
Facility Manager on scientific and tech
nical policies and procedures.

The RAF’s services to the scientific 
community are governed by the fol
lowing provisions:

•  Services are normally provided to 
an atmospheric research program re
quiring the use of an aircraft as a pri
mary data-gathering platform. Results 
will be made available to the scientific 
community through publications.

•  Services are provided to the maxi
mum extent of the RAF’s capabilities 
and budgetary limitations.

•  Temporary loan of major research 
instrumentation to scientific groups will 
be approved for specific programs by 
the Advisory Panel. Borrowers may be 
required to carry insurance against loss 
or damage. Aircraft will not be loaned.

•  The three major categories of 
operational programs are: (1) NCAR 
programs managed and funded inter
nally; (2) university, government, and 
private programs with funding and tech
nical management provided by the user, 
and operational aircraft support and 
funding provided by the RAF; (3) joint 
NCAR/university programs. (To date 
support to the scientific community has 
been divided about equally among the 
three categories.) Support to non-NCAR 
programs is considered by the Panel on 
the basis of merit and need; users may 
be charged for some types of opera
tional support.

•  Users are encouraged to “piggy
back” experiments on operational pro
grams in order to accomodate the maxi
mum number of scientists at minimal 
cost.

Requests for services are handled as 
follows:

•  Requests for non-operational ser
vices are submitted directly to the Facil
ity Manager.

•  NCAR requests for operational 
support are submitted on a “Planning 
Request” form to the Facility Manager 
through the NCAR divisional director.

•  University and other non-NCAR 
requests for operational support are sub
mitted on an “Operations Request” 
form to the Manager not less than three 
m o n th s  and preferably six months 
before the desired operation. Maximum 
documentation should be provided for 
evaluation by the Advisory Panel.

•  A fte r  consulting with the re
quester, the RAF prepares an opera
tional and cost analysis of the proposed 
program, listing potential problems in

s c h e d u l i n g ,  s a fe ty ,  or a i rc ra f t  
capabilities.

•  The Panel then reviews the pro
posed program to determine merit, 
need, and suitability for support. Upon 
approval, the Panel determines the rela
tive priority of the program and recom
mends solutions to funding problems.

•  Requests for use of the Electra 
aircraft are coordinated first by the 
NCAR GARP Task Group and the 
GARP Aircraft Utilization Committee.

John W. Hinkelman Jr. attended 
Middlebury College, V t.,from  1940 
to 1943. He served in the U.S. Navy 
from  1943 to 1963. He was com
missioned in naval aviation in 1944 
and served as a carrier je t pilot from  
1949 to 1952. He obtained a B.S. 
degree in meteorology at the Naval 
Postgraduate School in 1953 and an 
M.S. degree in physics from  the 
University o f  Maryland in 1963.
His naval service included sta ff ser
vice with Navy Weather Research 
project AROWA from 1954 to 
1956, and with the Navy Weather 
Research Facility in je t stream 
research from  1956 to 1958. He 
was a member o f  the President’s 
Airways Modernization Board from  
1958 to 1960, and Chief o f  the 
Weather Research Branch, FAA, 

from  1960 to 1963. He joined 
NCAR in 1963 and is manager 
o f  the RAF.
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•  The Chief of Projects supervises 
preparation of an “Operations Plan” or 
a “Planning Memorandum” describing 
in detail the program’s purpose, sche
dule, operations, and RAF support to 
be provided. The Facility Manager and 
the principal scientist approve the com
pleted plan.

•  The Facility Manager approves all 
equipment installations and aircraft 
modifications and determines which of 
several experiments aboard an aircraft 
will be flown on a given day; the Chief 
o f  the Flight Operations Group is 
responsible for conducting flight opera
tions in accordance with RAF safety 
regulations.

•  The principal scientist is respon
sible for providing detailed test sche
duling information and flight pattern 
criteria well in advance of each flight. •

RESEARCH A VIA T IO N  FAC IL ITY  INTERGROUP ORGANIZATION

R A F ’s organization provides for  
mission-oriented and functional 

responsibilities, emphasizing a systems 
approach for both. Responsibilities o f  

the various organizational units are 
shown in the chart.

FUNCTION
ORGANIZATION

TASK
ORGANIZATION

» Principal executive officer
» Guides RAF mission following policies specified by 

FAL director

DEPUTY MANAGER FOR ADMINISTRATION

•  Coordinates RAF Advisory Panel meetings
•  Disseminates information concerning instrumenta

tion, aircraft, airspace, and radio frequency 
allocations

•  Aids scientific community in negotiating flight and 
equipment support from other agencies

•  Responsible fo r budget planning
•  Manages RAF clerical and fiscal matters

DEPUTY MANAGER FOR OPERATIONS

•  Coordinates RAF aircraft and their research 
■ missions

FACILITIES SUPPORT EVALUATION COMMITTEE

•  Evaluates proposals from the various universities or 
from NCAR concerning project support. Factors 
considered include: analysis o f project and data 
handling, engineering services, flight operations, and 
maintenance.

IGURATION CONTROL BOARD

► Determines aircraft configuration problems, c^useu 
by research demands and their solutions

—

INSTRUMENTATION ADVISORY BOARD

* Recommends appropriate sensors and instruments- 
: tion techniques for making specific measurements

FLIGHT OPERATIONS GROUP

• Flight planning, scheduling, and operations
•  Fligh: safety and safety training for scientific 

observers
• Pilot proficiency training
• Flight personnel records
• Aircraft survival equipment
• Liaison w ith FAA

AIRCRAFT MAINTENANCE GROUP

• A ircraft maintenance
• Support equipment maintenance
• FAA-required and other maintenance records

CHIEF SCIENTIST

•  Has responsibility for scientific aspects of the I 
research missions

FIELD PROJECT TEAMS

► Teams prepare operations plans for each specific 
research project

► Conduct specific field programs
(Teams vary w ith research program needs, but can 
include: project engineer, pilot, instrument tech
nician, mechanic, flight observer, computer 
programmer)

TEST AND EVALUATION GROUP

•  Development o f state-parameter sensors
•  Development o f airborne data-handling systems
•  Construction o f one-of-a-kind systems to meet 

specific research needs
•  Research applications for existing and newly 

developed systems and/or technology

PROJECTS GROUP

•  Liaison with scientists regarding research programs
•  Coordinates the preparation o f operations plans
•  Coordinates scientists and other organizations 

participating in field programs
•  Supervises the maintenance of project records
•  Supplies chairman o f Support Evaluation 

Committee

TEST AND EVALUATION PROJECT TEAMS

• Team formed to  test and evaluate a specific : 
project needing flight testing

ENGINEERING SERVICES GROUP

» Determines needed aircraft modifications to permit 
desired research

► Equipment installation and calibration 
» Tests and evaluates research equipment
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Aviation  
Field P ro g ram  Activities
Alfred Rodi

Over the years the major portion of 
our field support work has involved 
projects having one aircraft serving an 
individual scientist somewhere within 
the con tinen ta l United States. Of 
approximately 70 programs supported 
since 1964, about 80% have been these 
“small” programs. Table 1 gives an idea 
of the breadth of scientific research 
supported by our past flight missions; 
the map shows the foreign locations 
from which we have also conducted 
operations.

For a typical mission, once the area 
of the country and the required flight 
patterns have been determined, a suit
able fixed-base operator or military 
airfield in the vicinity is located. Opera
tions from military installations are 
advantageous from a cost standpoint, 
but fuel, hangar space, and auxiliary 
power are not available on a first- 
p r io r i ty  basis. Commercial airfields 
generally provide better service and are 
usually closer to living quarters.

Operations from any locations away 
from our facilities at the Jefferson 
C o u n ty  Airport near Boulder will 
require:

•  A runway of sufficient length
•  A supply of fuel
•  A source of auxiliary electrical 

power for preflight calibration of 
the research instruments

The type of aircraft assigned to a mis
sion will influence the ability of any

given airport facility to meet these 
requirements.

Beyond these minimum needs, several 
other desirable items are:

•  Proximity to radio navigational 
aids (VOR, DME, 1LS), to permit 
flights under IFR conditions

•  Availability of National Weather 
Service forecasts and reports, radar 
presentations, and satellite photos

•  A v a i la b i l i ty  o f  hangar space 
(especially under extreme weather 
conditions)

•  Availability of office or lab space
•  Accessibility to aircraft and radio 

repair facilities
Programs involving operations from 

foreign bases require a site survey of 
available facilities. The exact situation

and operating environment cannot be 
accurately determined, however, until 
the aircraft is on location. Therefore, 
equipment and supplies to meet any 
contingency are shipped in advance. 
Diplomatic clearance granting permis
sion to operate from civilian or military 
airfields must first be obtained from the 
foreign governments involved.

One example of a small program was 
our support during the summer of 1972 
to the University of Miami’s study of 
on- and off-shore winds from Lake 
Ontario as part of the International 
Field Year for the Great Lakes. Arrange
ments were made with a fixed-base 
operator at the Rochester, N.Y., Munici
pal Airport for ramp space and auxiliary 
power. The project scientist, Mariano

Alfred R. Rodi earned a B.S. degree in 
the geophysical sciences from  the 
University o f  Chicago in 1967, and an 
M.S. degree in the field o f  ice 
nucleation in 1970. He was then 
employed as a research meteorologist 
at the University o f  Chicago Cloud 
Physics Laboratory, where he 
designed and built a low-speed wind 
tunnel fo r  testing aircraft instrumenta
tion. He joined NCAR in 1971 and 
is chief o f  the R A F  project and 
data-handling group.
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Foreign locations for R A F  projects.

Estoque, and his students lived nearby 
where the NCAR Field Observing Facil
ity had set up a surface observing net
work for the program. Estoque or one 
of his students briefed the aircraft crew 
on each day’s activities, and each 
morning the instrumentation technician 
performed preflight calibration checks 
on the equipment. It is the one-to-one 
relationship between the scientist and 
RAF personnel in the field that makes 
this type of program successful.

A notable example of a program 
where even the basic requirements 
presented a problem was the support of 
the Line Islands Experiment in the 
South Pacific during 1967. The island of 
Palmyra had been uninhabited since 
U.S. naval occupation during World 
War II. The airstrip and buildings were 
still serviceable, but fuel, power genera
tors, and supplies had to be flown in 
from  Hawaii. A specially equipped 
instrumentation trailer containing spare 
parts, auxiliary power, and calibration 
equipment was also shipped to Palmyra 
in advance. Over a two-month period, 
the NCAR Queen Air aircraft flew 
265 hr, or an average of 5 hr per day. 
Instrumentation and operations per
sonnel lived and worked under difficult 
conditions to keep the airborne equip
ment calibrated and in working order.

Ferrying the Queen Air to Palmyra 
presented a special problem. The most 
direct flight route includes a 3,900 - km 
leg from San Francisco to Hawaii. 
Carrying the fuel necessary to fly this 
distance would have required removal of 
several hundred pounds of calibrated 
research equipment. The equipment 
would have had to be shipped sepa
ra te ly ,  reassembled, reinstalled, and 
recalibrated on the site. As a solution, 
an alternate route was chosen through 
S p o k an e ,  Wash.; A n n e t te  Island, 
Kodiak, and Adak, Alaska; then to 
Midway Island, and finally to Hawaii. 
The longest leg was then only 2,600 km, 
though the route added about 26 hr to 
the trip each way.

Some of our other operations have 
been from equally distant but more 
conventional locations where logistics 
problems have been more easily solved.
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During the summer of 1972 our Queen 
Air N306D and our Sabreliner both 
supported the second part of Colorado 
State University’s Venezuelan Inter
national Meteorological and Hydrologi
cal Experiment, a study of convection 
and stream runoff in tropical latitudes. 
(In 1969 we had supported the first part

of the experiment.) Arrangements were 
made to base the aircraft at the Vene
zuelan Air Force (FAV) field near Mara- 
cay. The FAV was quite responsive to 
our needs and made fuel and auxiliary 
power available to us at our con
venience. Herbert Riehl, the CSU pro
fessor in charge of the experiment, was

situated at the FAV Meteorological 
Service headquarters in Maracay where 
he had access to weather information 
and satellite photos of the area.

In the coming months we expect to 
provide flight support to various pro
grams. Table  2 indicates tentative 
scheduling for these projects.

111 111111

Table 1
RESEARCH A VIA T IO N  FAC IL ITY  PROJECTS

YEAR SCIENTIST INSTITUTION PROGRAM LOCATION

1964 Squires NCAR Cloud Physics Boulder, Colo.

Bushnell NCAR Thunderstorm Studies Boulder, Colo.

Rosinski NCAR Aerocolloidal Sampling Boulder, Colo.

Sartor NCAR Cloud Physics Florida
Rossby U. Wisconsin Atmospheric E lectric ity  (Sferics 

Studies)
Florida

1965 Ragotzkie U. Wisconsin Lake Surface Temperature Lake Superior

Rossby U. Wisconsin Sferics Studies Grand Bahama Island

Wilkening New Mexico Institute o f Mining and 
Technology

Radon Studies Socorro, N. Mex.

Bryson U. Wisconsin Atmospheric Dust Denver, Colo.

Kuhn Environmental Science Services 
Adm inistration (ESSA)

Radiation and Clouds Midwestern United States

Bainbridge NCAR Isotope Geophysics New Orleans, La. 
Palestine, Tex.

Bushnell NCAR Thunderstorm Dropsonde New Raymer, Colo.

Rosinski NCAR Aerocolloidal Sampling Bemidji, Minn.

Sartor NCAR Cloud Physics Boulder, Colo.

Bainbridge NCAR Isotope Studies Scottsbluff, Nebr.
San Luis Obispo, Calif.

Squires NCAR Cloud Physics Boulder, Colo.

Bollay E. Bollay Assoc. Atmospheric Dispersion Steamboat Springs, Colo.

Moore A. D. L ittle Atmospheric E lectric ity Socorro, N. Mex.

1966 Squires NCAR Cloud Physics Boulder, Colo.
Bushnell NCAR Thunderstorm Dropsonde New Raymer, Colo.
Rosinski NCAR Aerocolloidal Sampling Boulder, Colo. 

Bemidji, Minn.
Bryson U. Wisconsin Atmospheric Dust Boulder, Colo.

B liffo rd NCAR Isotope Studies Scottsbluff, Nebr.
San Luis Obispo, Calif.

Eddy U. Texas Sea Breeze Studies Beaumont, Tex.
Sargeant U. Wisconsin Radio Wave Propagation Madison, Wis.
Bollay E. Bollay Assoc. Atmospheric D iffusion Steamboat Springs, Colo.

L illy NCAR Mountain Wave Studies Boulder, Colo.

Ragotzkie U. Wisconsin IR Radiometry Lake Superior
Bettinger U. Maryland Ozone Study Boulder, Colo.

Rossby U. Wisconsin Sferics Studies Grand Bahama Island

Moore New Mexico Institute o f M ining and 
Technology

Cloud Electrification Socorro, N. Mex.

Wilkening New Mexico Institute of M ining and Radon Studies Socorro, N. Mex.
Technology
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Table 1 (con tinued)

YEAR SCIENTIST INSTITUTION PROGRAM LOCATION

1966 Evans U. Arizona Thunderstorm E lectric ity Socorro, N. Mex.
(cont'd) Newton

Bates
NCAR Thunderstorm Dynamics Boulder, Colo.

Fischer NCAR Atmospheric Attenuation Boulder, Colo.
Morgan E. Bollay Assoc. Project Hailswath Rapid C ity, S. Dak.

1967 Eddy U. Texas Sea Breeze Studies Beaumont, Tex.
Moore New Mexico Institu te o f Mining and 

Technology
Cloud Electrification Socorro, N. Mex.

Wilkening New Mexico Institute o f Mining and 
Technology

Radon Studies Socorro, N. Mex.

Evans U. Arizona Thunderstorm Dropsonde Tucson, Ariz.
Church U. Washington COj Gradients West Coast
Battan U. Arizona Precipitation Particle Size Tucson, Ariz.
Byers Texas A&M Cloud M odification College Station, Tex.
Miyake U. Washington Sonic Anemometer Liberal, Kans.
Fujita U. Chicago Lake Effects Lake Michigan
Vonnegut State U. New York Atmospheric E lectric ity Dunkirk, N. Y.
Bushnell NCAR Thunderstorm Dropsonde New Raymer, Colo.
Rosinski NCAR Aerocolloidal Sampling Boulder, Colo. 

Bemidji, Minn.
B liffo rd NCAR A ir Sampling Scottsbluff, Nebr. 

West Coast
L illy NCAR Mountain Wave Studies Boulder, Colo.
Zipser NCAR Line Islands Experiment (LIE) Palmyra Island
Knollenberg NCAR Stratus Glaciation Eau Claire, Wis.
W illis E. Bollay Assoc. Atmospheric D iffusion Steamboat Springs, Colo.
Schaeffer
Bollay

State U. New York 
E. Bollay Assoc.

Entrainment of Nuclei Boulder, Colo.

Brown NCAR Sensor Test and Evaluation Phoenix, A riz. 
A tlan tic  C ity, N. J. 
Tucson, A riz.

1968 Jehn U. Texas Sea Breeze Studies Beaumont, Tex.
Moore New Mexico Institu te  o f Mining and 

Technology
Cloud Electrification Socorro, N . Mex.

Wilkening New Mexico Institute o f Mining and 
Technology

Radon Studies Socorro, N. Mex.

Evans U. Arizona Thunderstorm Dropsonde Tucson, Ariz.
Ragot2kie U. Wisconsin IR Radiometry Lake Superior
Miyake U. British Columbia Sonic Anemometer Vancouver, B. C. 

Beaumont, Tex.
Battan U. Arizona Precipitation Particle Size Tucson, Ariz.
Byers Texas A&M Cumulus Convection College Station, Tex.
Fujita U. Chicago Lake Effects Lake Michigan
Bates St. Louis U. Thunderstorm Analysis Wichita, Kans.
Telford Desert Research Institute Atmospheric Dynamics Reno, Nev.
Herman U. Arizona Solar Reflectivity Tucson, Ariz.
Bushnell NCAR Thunderstorm Dropsonde Boulder, Colo.
Rosinski NCAR Aerocolloidal Sampling ( ■ ■ ■ ■ ■ ■ I

Boulder, Colo.
Martell NCAR A ir  Sampling Scottsbluff, Nebr. 

Barbados
Cadle NCAR Troposphere-Stratosphere Exchange Southwestern United States
L illy
Lenschow

NCAR Turbulent Interactions Boulder, Colo. 
California

Goyer NCAR Hail Suppression Boulder, Colo.
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YEAR SCIENTIST

Table 1 (con tinued) 

INSTITUTION PROGRAM LOCATION

1968
(cont'd)

Zipser NCAR Barbados Oceanographic and 
Meteorological Experiment 
(BOMEX)

Barbados

Hidy NCAR Aerosol Sampling Boulder, Colo.

Sartor NCAR Wave Cloud Studies Boulder, Colo.
Knollenberg NCAR Stratus Glaciation Eau Claire, Wis.

Willis E. Bollay Assoc. Atmospheric D iffusion Steamboat Springs, Colo.

Stinson Bu. Reclamation Project Skywater Steamboat Springs, Colo.
Kasemir Environmental Science Services 

Adm inistration (ESSA)
Cloud Charge D istribution Boulder, Colo.

1969 Grant Colorado State U. Agl Plume Concentration Leadville, Colo.

Sartor NCAR Wave Cloud Studies Boulder, Colo.
Telford Desert Research Institute Turbulent Interactions Reno, Nev.
Miyake U. British Columbia Sonic Anemometer La Junta, Colo.
Knollenberg NCAR Particle Sampling Chicago, III.
Riehl Colorado State U. Venezuelan International

Meteorological and Hydrological 
Experiment (V IM HEX)

Venezuela

L illy
Lenschow

NCAR Turbulent Interactions Boulder, Colo, 
Reno, Nev.

Moore New Mexico Institute o f M ining and 
Technology

Air-Earth E lectric ity Vero Beach, Fla. 
Miami, Fla.

Evans U. Arizona Thunderstorm E lectricity Tucson, A riz.
Zipser NCAR Barbados Oceanographic and 

Meteorological Experiment 
(BOMEX)

Barbados

Dingle U. Michigan Rain Scavenging Champaign, III.

Moore New Mexico Institute o f Mining and 
Technology

Cloud E lectrification Albuquerque, N. Mex.

Charney
Riehl

Massachusetts Institute o f Technology 
Colorado State U.

Tropical Convergence England AFB, Ark.

Cox Colorado State U. Radiation F lux Divergence Barbados
Venezuela

Cadle NCAR Aerosol Census Boulder, Colo.
Goyer NCAR Hail Suppression Boulder, Colo.

Bushnell NCAR Thunderstorm Dropsonde Boulder, Colo.

Ragotzkie U. Wisconsin Radiometric Surface Temperature Madison, Wis.

Shedlovsky NCAR Tropical A ir  Sampling Barbados
Gordon Columbia U. W ind-D rift Currents Barbados

Byers Texas A&M Warm-Cloud Management College Station, Tex.

Miyake U. British Columbia Air-Sea Interaction Barbados 
Vancouver, B. C.

Sartor NCAR Wave Cloud Studies Boulder, Colo.
Martell NCAR Aerosol Age Determination Limon, Colo.
Shedlovsky NCAR A ir Sampling Scottsbluff, Nebr.
Cadle NCAR Tropopause Folding Albuquerque, N. Mex. 

Kansas C ity , Mo.

1970 Bushnell NCAR Thunderstorm Dropsonde Boulder, Colo.
Shapiro NCAR Frontal Structure Boulder, Colo.
Sartor NCAR Wave Cloud Studies Boulder, Colo.
Shedlovsky NCAR A ir  Sampling Scottsbluff, Nebr.
Zipser NCAR Chinook Structure Boulder, Colo.
L illy
Lenschow
Telford

NCAR

Desert Research Institute

Turbulent Interactions Reno, Nev. 
Boulder, Colo. 
Battle Creek, Mich. 
Other locations

Ragotzkie U. Wisconsin Radiometric Surface Temperature Madison, Wis.
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Table 1 (continued)

Y E A R S C IE N T IS T IN STITU TIO N PROGRAM LO CA TIO N

1970 Rosinski NCAR Ice and Condensation Nuclei Boulder, Colo.

(cont'd) Martell NCAR Radon Sampling Scottsbluff, Nebr.
Landsberg U. Maryland IR Imagery Gaithersburg, Md.
Schuster NCAR Lidar Probing Boulder, Colo.

Estoque U. Miami Heated Island Effects Grand Bahama Island
Evans U. Arizona Thunderstorm E lectricity Tucson, Ariz.
Bean National Oceanic and Atmospheric 

Adm in istration (NOAA)
Boundary-Layer Turbulence Boulder, Colo.

Goyer NCAR Hail Suppression Boulder, Colo.

Dingle U. Michigan Rain Scavenging Champaign, III.

Hobbs U. Washington Wave Cloud Constituents Seattle, Wash.
Businger U. Washington Boundary-Layer Profile Salt Lake C ity, Utah

Eddy NCAR Solar Observations Klamath Falls, Ore.
Miyake U. British Columbia Sonic Anemometer Vancouver, B. C. 

Salt Lake C ity, Utah
L illy NCAR Mountain Wave Studies Boulder, Colo.

1971 Shedlovsky NCAR Aerosol Sampling St. Louis, Mo. 
Scottsbluff, Nebr.

Sartor NCAR Wave Cloud Studies Boulder, Colo.

Zipser NCAR Chinook Structure Boulder, Colo.

Moore NCAR Radon Sampling Scottsbluff, Nebr.
Rosinski NCAR Ice and Condensation Nuclei Boulder, Colo.

Sartor NCAR Cloud Physics Miami, Fla.

Eddy NCAR Far IR Astronom y Boulder, Colo.

Ehhalt NCAR Water Vapor Sampling Scottsbluff, Nebr.

Sargeant U. Wisconsin Radio Wave Propagation Madison, Wis.

Shapiro NCAR Frontal Structure Boulder, Colo.

L illy
Lenschow
Telford

NCAR

Desert Research Institute

Turbulent Interactions Reno, Nev. 
Boulder, Colo. 
Other locations

Swinbank NCAR National Hail Research Experiment 
(NHRE)

Boulder, Colo.

Barry U. Colorado A rc tic  Energy Budget Cape Dyer, Northwest Territories

Anderson U. Wisconsin Cloud Reconnaisance Boulder, Colo.

Lyons U. Wisconsin Lake Breeze Studies Milwaukee, Wis.

Braham U. Chicago Cumulus Entrainment Greenville, III. 
McComb, Miss.

Bushnell NCAR Thunderstorm Dropsonde Boulder, Colo.

Weinman U. Wisconsin Venus Probe Sensors Scott AFB, III.

Ackerman Argonne National Laboratory Urban Boundary Layer Scott AFB, III.

Ragotzkie U. Wisconsin Radiometric Surface Temperature Madison, Wis. 
Houghton, Mich.

Knollenberg U. Chicago Particle Probe Boulder, Colo.

Pate NCAR St. Louis A ir  Pollution St. Louis, Mo.

Eddy NCAR Far IR Astronom y Boulder, Colo.

Zipser NCAR Chinook Structure Boulder, Colo.

Georgii U. F rankfurt C 0 2 -0 3 Analysis Boulder, Colo.

Moore NCAR Radon Sampling Boulder, Colo.

L illy NCAR Wave Momentum Flux Boulder, Colo.

1972 Sartor NCAR Wave Cloud Studies Boulder, Colo.

Zipser NCAR Chinook Structure Boulder, Colo.

Braham U. Chicago Inadvertent Weather M odification Greenville, III.

Veal U. Wyoming Medicine Bow Project Laramie, Wyo.

L illy NCAR Wave Momentum Flux Boulder, Colo.
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Table 1 (continued)

Y E A R S C IE N T IS T IN STITU TIO N PROGRAM LO CA TIO N

1972 Ostlund U. Miami T ritium  Sampling Boulder, Colo.
(cont'd) Ehhalt NCAR Water Vapor Sampling Scottsbluff, Nebr.

Moore NCAR Radon Sampling Scottsbluff, Nebr.
L illy
Lenschow
Telford

NCAR

Desert Research Institute

Turbulent Interactions Wallops Island 
Reno, Nev. 
Other locations

Shapiro NCAR Frontal Structure Boulder, Colo.
Ragotzkie U, Wisconsin Radiometric Surface Temperature Madison, Wis.
Danielsen NCAR Duststorm Particle Sampling Boulder, Colo.
Knollenberg U. Chicago Aerosol D istribution Boulder, Colo.
DeLuisi NCAR Global Atmospheric Aerosol and 

Radiation Study (GAARS)
California

Bushnell NCAR Thunderstorm Dropsonde Boulder, Colo.
Estoque U. Miami International Field Year for the 

Great Lakes
Rochester, N. Y.

Telford Desert Research Institute International Field Year fo r the 
Great Lakes

Niagara Falls, N.Y.

Riehl Colorado State U. Venezuelan International
Meteorological and Hydrological 
Experiment II (V IM H EX II)

Venezuela

O'Brien Florida State U. Coastal Upwelling Experiment (CUE) Corvallis, Ore.
Pate NCAR Fate o f Atmospheric Pollutants Study 

(FAPS)
St. Louis, Mo.

Zipser NCAR Tropical Convection (pre-GATE) Miami, Fla.
Ramey AFB, Puerto Rico

Eddy NCAR Far IR Astronom y Boulder, Colo.
Anderson U. Wisconsin Turbulent Cloud Particles Madison, Wis.
Cox Colorado State U. Radiation Instrumentation Boulder, Colo.
Swinbank NCAR National Hail Research Experiment 

(NHRE)
Boulder, Colo.

Table 2
P LA N N E D  R AF PROJECTS FOR 1973

Connell U. Wyoming Elk Mountain Study Laram ie, Wyo.
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C apab ilit ies  o f the 

N C A R  Electra
Robert L. Fo/tz

Robert L. Foltz, R A F  research pilot, graduated from  the U.S. Naval 
Postgraduate School with a B.A. degree in international relations. He started 

flying in 1941, joined the Navy in 1943, graduated from  the Navy flight 
training program in 1945, and retired from  the Navy in 1966. He holds 

the following ratings: ATR , commercial and instrument, seaplane, flight 
instructor aircraft and instrument, and control tower operations.

This past year NCAR leased a Lock
heed Electra (Model L- 188C), primar
ily for making measurements in connec
tio n  w ith  the Global Atmospheric 
Research Program (GARP). The Electra 
was chosen for its long-range capability, 
and its first task will be in the GARP 
Atlantic Tropical Experiment (GATE) 
where long periods of over-water flight 
will be required. The Electra is a low- 
wing airplane designed for high-speed 
transportation of personnel and cargo, 
and is powered by four axial-flow 
Allison 501 -D13 turboprop engines. It 
carries an auxiliary power unit to supply 
ground electrical power and to provide a 
self-starting capability.

Aircraft instruments now installed 
include dual VOR navigation equip
ment, dual ADFs, glide slope, DME, 
transponder, auto-pilot, dual VHF com
munications, HF communications, and 
AVQ - 10 weather radar. A Collins loran 
receiver plus a sextant and mount are 
among the Electra’s equipment specifi
cally installed for long-range, over-water 
navigation. Tentative plans call for the 
addition of an LTN - 51 inertial naviga
tion system and an Omega navigation 
capability.

A minimum flight crew of pilot, co
pilot, and flight engineer is required for 
all operations. In addition, a crew ob
server’s or navigator’s station is provided
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within the cockpit. The cabin is pres
surized to maintain an effective altitude 
of sea level up to an aircraft altitude of
15,500 ft*; with the aircraft altitude at
30.000 ft, the cabin altitude reaches an 
effective elevation of 8,000 ft.

In its GARP task at Dakar (a port 
city in Senegal, West Africa) the Electra 
will be able to fly at an elevation of
10.000 ft to an array of radar ships 
located 620 mi offshore. Once at the 
array, the aircraft can spend as long as
4 hr flying at an elevation of 500 ft 
within and around the array and can 
travel 650 n mi before returning to 
Dakar at a flight elevation of 18,000 ft. 
The total flight time will be 7 hr 45 min 
and will still leave a 1.5 - hr fuel reserve. 
An alternate profile at 500 ft through
out the flight will allow 2 hr 45 min 
within and around the ship array and a 
total flight time of 6 hr 35 min with the 
same 1.5 - hr fuel reserve. •

*In this issue o f  Atmospheric Technology, 
com m on  aircraft nom encla ture  is in English 
units; metric  values are given where suitable.

E LE C TR A  L-188C SPEC IF IC A TIO N S

Engine Power: 15,000 hp (11,186 kW)

Wingspan: 99 f t  (30 m)

Length: 105 f t  (32 m)

Cabin F loor Area: 628 f t 2 (58 r r r )

Em pty Weight: 58,750 lb (26,650 kg)

Maximum Gross Weight: 116,000 lb (52,665 kg)

Maximum Payload Weight L im it: 26,500 lb (12,020 kg)

Maximum Landing Weight: 95,650 lb (43,385 kg)

Research Electrical Power: 60 kVA

Fuel Capacity. 6,520 gal (24,678 2) usable fuel

Flight Load Acceleration L im it: 2.5 g

E LE C TR A  PERFO RM ANC E

Maximum Speed at 12,000 f t  (3,700 m):

Cruising Speed at 85,500 lb (39,000 kg) 
at 22,000 f t  (6,700 m):

Service Ceiling at 100,000 lb (45,000 kg):

Slow-Flight Speed:

Maximum Range w ith  2-hr Fuel Reserve:

FAA Takeoff Runway at 113,000 lb (51,000 kg) 
Sea Level Standard Day:

Maximum Operating A ltitude:

388 kt (720 km/hr)

350 kt (650 km/hr) 

28,400 f t  (8,700 m)

IAS 115 kt (210 km/hr)

3.000 n mi (5,600 km)

4,720 f t  (1,400 m)

30.000 f t  (9,100 m)

A N T IC IP A T E D  E LE C TR A  PER FO R M AN C E A T  D A K A R *

A LT IT U D E RANGE TIME

24.000 f t  (7,000 m)

10.000 f t  (3,000 m) 

500 f t  (150 m)

2,935 n mi (5,450 km) 

2,285 n mi (4,250 km) 

1,867 n mi (3,470 km)

9 h r 9 min 

7 h r 39 min 

6 h r 35 min

* A t  th e  p re s e n t ly  e s t im a te d  re se a rch  g ross  w e ig h t
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Instrum entation  A b o a rd  tbe E lectra
Neil D. Kelley and M. Norman Zrubek

A GARP Instrumentation Committee 
was formed to interpret the scientific 
requirements of GARP and to aid the 
Research Aviation Facility in choosing 
the scientific equipment to be carried 
aboard the NCAR Electra. Based on the 
Committee’s requirements, a contract 
was let with the Lockheed Aircraft Ser
vice Co., a division of the Lockheed 
Aircraft Corporation, to modify the 
aircraft for meteorological research. The 
modifications and installations include:

1. A fiber-glass and metal nose boom 
5.6 m in length with a base diameter of 
68 .5  cm and a constant taper to
20.3 cm at the tip. The nose-boom tip 
will be able to support eight small 
instruments. A specialized LTN-51 
inertial navigation system for making air 
motion studies will be installed inside a 
pressurized container at the base of the 
nose boom.

2. Ten fuselage apertures measuring
25.4 X 35.6 cm. Four are along the top

center line and two are forward of the 
wing on the bottom center line. Four 
more are planned to replace the present 
windows in the forward cabin aft of the 
cockpit area.

3. Four sensor mount pads mea
suring 10 X 15.2 cm— two on each side 
of the forward cabin slightly above the 
cabin floor line.

4. A metal boom, 2.6 m in length 
and 9 cm in diameter, on the left wing 
tip. It will carry the primary airspeed 
and static-pressure sensors.

5. An AMQ - 30 dropsonde dispenser 
in the right rear emergency exit door. 
The dispenser is part of the NCAR 
Omega wind-finding dropsonde system.

6. Fuselage hardpoints on the top of 
the aircraft immediately aft of the cock
pit. These hardpoints will hold pylons 
that extend about 59 cm from the fuse
lage skin and are intended for sup
porting small instruments.

7. A research electrical system with

M. Norman Zrubek, chief o f  R A F  engineering services (at the left in the 
photograph), obtained a B.S. degree in aeronautical engineering from  Wichita 
State University, Kans., in 1962. Before joining NCAR in 1968 he worked fo r  
the Boeing Co., Wichita Division, in the Structures Department, and fo r  the 
Martin Co., Denver Division, in the Structures and Aerophysics Department. 
He is a member o f  the Technical Society o f  Aeronautical Weight Engineers.

Neil D. Kelley obtained a B.S. degree from Saint Louis University, Mo., in 
professional meteorology in 1963, and an M.S. degree in meteorology from  
Pennsylvania State University in 1968; he is currently a Ph.D. candidate 
in meteorology. He was a 1971 electronics technology graduate from  the 
Cleveland Institute o f  Electronics. He has been a meteorologist with 
Meteorology Research, Inc., in Altadena, Calif.; a research assistant and 
instructor at Pennsylvania State University; and project supervisor for the 
Venezuelan Project fo r  Esso Research and Engineering Co., Linden, N.J.
He came to the R A F  in 1972 as meteorological engineer fo r  the Electra.
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BASIC M E T E O R O LO G IC A L IN S T R U M E N T A T IO N  A B O A R D  TH E E LE C T R A *

PARAMETER INSTRUMENT TYPE
MANUFACTURER 
AND MODEL NO.

RANGE ACCURACY RESPONSEt

Stagnation A ir 
Temperature

Platinum Resistance 
Total Temperature 
Probe (2)

Rosemount Model 
102E2AL

-60 to +50° C ±0.2°C 1 sec

Platinum Resistance 
Reverse-Flow Total 
Temperature Probe

NCAR -60 to +50° C ±0.5°C 8 to 10 sec

1-m Tungsten Wire NCAR -60 to +50°C ±1.0°C 0.01 sec

Moisture Content Thermoelectric Dew- 
Point Hygrometer (2)

EG&G Model 
137-C3-S3

-50 to +50° C ±0.5°C above 0°C * 
±1.0°C below 0°C

3°C/sec+

Lyman-Alpha
Hygrometer

NCAR 0 to 40 g/kg Undetermined Undetermined

Pressure A ltitude Variable Capacitance 
Pressure Transducer 
(2)

Rosemount Model 
1301-A

300 to 1,035 mb ±1 m b* 0.025 sect

Airspeed Variable Capacitance 
Pressure Transducer 
(2 )

Rosemount Model 
1301 -B

0 to 200 m/sec ±0.2 m/sec* 0.025 sec*

Geometric A ltitude Radio A ltimeter(s) To be chosen

Cloud Liquid Water 
Content

Hot-Wire Flowmeter Johnson-Williams 
Model LWH

0 to 6 g /m 3 Undetermined 1.5 sec

Hydrometeor Liquid 
Water Content

Optical Flowmeter NCAR 0 to 8 g/m^ Undetermined Undetermined

Cloud Droplet 
Spectrum

Laser Particle 
Spectrometer

Particle Measuring 
Systems

20 to 280 /urn Undetermined 0.1 sec§

Hydrometeor Size 
Spectrum

Laser Particle 
Spectrometer

Particle Measuring 
Systems

300 to 4,500 fjm Undetermined 0.1 sec§

Radiometric Surface 
Temperature

Bolometric Radiometer 
(9 .5 -to  11.5-/um 
band)

Barnes Model PRT-5 -20 t o +75” C ±0.5°C+ 0.2 sect

Infrared Radiation Bolometric Radiometer 
w ith  scanning m irror 
and filte r wheel 
( 1.8 - to  2 0 -jum range)

Barnes Model PRT-6 
(w ith  NCAR m irror 
system)

-135 to +65° C ±1.3°C* 0.2 sec

Pyrgeometer (2)
(4- to 4 5 -fim  band)

Eppley Model PIR 0 to 2.5 Sy/min Unavailable 1 sec

Visible Radiation Spectral Pyranometer 
(2) 285- to  2,800- 

//m  band 
(2) 2 8 5 - to 1,530- 

;um band 
(2) 285- to 700-um  

band

Eppley Model 2 0 to 2.5 Cy/min Unavailable 1 sec

A ircra ft A ttitude , 
Velocity Vector, 
and Position

Inertial Navigation 
System

L itton  LTN-51 See article, "M eteoro
logical Uses o f Inertial 
Navigation"

Relative A ir  Motion Gust Probe System 
(fixed and rotating 
vanes)

NCAR See article, "A ir  Sensing 
Probes on the B u ffa lo "

Photography 16-mm Time-Lapse 
Camera (3)

F light Research 
Model lll-B

0 to 20 frames/sec

Wind, Temperature, 
and H um id ity  
Profiles

Omega Wind-Finding 
Dropsonde

NCAR -40 to  <40 C 
(Temperature)

10 to  100% (Relative 
H um id ity !

150 to 1,060 mb 
(Pressure)

0 to 127 m/sec 
(Wind Velocity 
Components)

±0.5°C

± 10%

±2 mb 

±1 m/sec

5 sec

0.5 sec at +25° C 
5.0 sec at -20°C
Unavailable

Unavailable

'F o l lo w in g  th e  re c o m m e n d a t io n s  o f  th e  N C A R  G A R P  I n s t r u m e n ta t io n  C o m m it te e .  
t A  s ta n d a rd  6 3 .2 %  t im e  c o n s ta n t  is  im p l ie d  u n le s s  o th e r w is e  s p e c if ie d .
*  M a n u fa c tu r e r 's  s p e c i f ic a t io n s .  T h e s e  v a lu e s  m a y  v a ry  c o n s id e r a b ly  d e p e n d in g  o n  a i r c r a f t  in s ta l la t io n  c o n f ig u r a t io n  a n d  f l i g h t  e n v e lo p e .  
§ T h e  re s p o n s e  o f  th e  p a r t ic le  s p e c t ro m e te rs  is c o n t r o l le d  b y  th e  E le c t ra  d a ta  s y s te m  in te r r o g a t io n  ra te .
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power outlets in the forward baggage 
compartment and at five locations with
in the cabin. Each outlet will supply 
28 V dc and 115V ac, 60 and 400 Hz, 
single- and three-phase power.

8. Research wiring to carry data sig
nals as well as sensor power and control 
voltages. Special twin-axial cable and 
shielded, twisted-pair wiring are being 
run from the nose and nose boom, the

left wing tip, the fuselage apertures, the 
sensor mounting pads, and the tail area. 
They will all terminate in the cabin near 
the data-recording system.

9. An oxygen system with a storage 
capacity for 64 man-hours.

10. A storm-avoidance radar in the 
nose under the base of the nose boom.

Three modifications have been engi
neered for future use but have not yet

been installed on the aircraft. These are 
an RH1 and PPI X- or C-band radar 
utilizing a proposed 1.2 - m - diameter 
antenna mounted in the tail; a down- 
looking 48 X 58 cm aperture on the 
b o t to m  center line for a thermal 
mapping scanner; and additional fuse
lage hardpoints on the top and bottom 
centerlines for mounting instruments 
that may be enclosed in fairings. •

ELECTRA INSTRUMENTATION

1 F U S E L A G E  A P E R T U R E S  (101
2 IR S C A N N E R
3 P Y L O N  W IN G  B O O M

4 D R O P S O N D E  D IS P E N S E R  (1)
5 S E N S O R  M O U N T  PO DS (4)
6  S E N S O R  P Y L O N S  (2)

7 F O R W A R D  B O O M
8 T A I L  R A D A R
9 N O SE R A D A R
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Electra  
D ata  
M anagem en t  
System
Neil D. Kelley

The NCAR Electra Data Management 
System  (EDMS) provides on-board 
recording, real-time computations, and 
display of meteorological and flight data 
gathered during GARP-related experi
ments. The Electra is outfitted to 
support the Air Mass Transformation 
Experiment (AMTEX) and the GARP 
Atlantic Tropical Experiment (GATE). 
Aircraft platforms have been assigned 
the  task of measuring atmospheric 
properties associated with circulations 
in the 1 - to 100 - km range. The Electra 
and certain other aircraft are being 
equipped to measure turbulent fluxes of 
heat, moisture, and momentum. Typical 
flight profiles for the Electra will in
clude durations that can last as long as 
10 hr at altitudes extending from 150 m 
to 9 km above the ocean surface. This 
aircraft will also serve as a release and 
recording platform for the new NCAR 
Omega wind-finding dropsonde being

developed for GATE.
Functionally, the system logs data 

from a wide variety of sensors and sen
sing systems, and computes and displays 
operationally pertinent meteorological, 
navigational, and aircraft information. 
When consideration was given to the 
types of experiments planned and to the 
long flight times, it became quite ap
parent that some form of in-flight data 
quality and system performance moni
toring was required. It was also deter
mined that the versatility of the Electra 
platform would be extremely useful in 
fu tu re  GARP experiments beyond 
AMTEX and GATE and that therefore 
the data system should be designed with 
a high degree of flexibility. The results 
of this analysis have led to five major 
design goals for the EDMS:

•  “Noise-free” recording of all data 
channels

•  A maximum degree of flexibility



•  In-flight computation and display
•  A real-time system and input data- 

monitoring facility
•  A com puter-com patib le  tape- 

recording format and maximum 
tape surface utilization, consistent 
with environmental constraints

Low Noise Recording

The concept of a “noise-free” re
cording is very subjective unless an 
attempt is made to discover and elimi
nate, or at least minimize, the noise 
sources found aboard the Electra. The 
list of actual and potential noise sources 
in a system such as the EDMS is long 
and varied. For example, the communi
cations, electrical, and control systems 
of the aircraft are prime high-frequency 
noise generators. The EDMS compo
nents themselves are a wideband noise 
source with electronic shot and quanti
zation noise prevalent at the high- 
frequency end of the spectrum, and 
with dc drift at the low end. The sensors

are very susceptible to the same influ
ences as the EDMS and, in many cases, 
compound the problem. Finally, the 
problem of atmospheric noise must be 
addressed. Because many sensors are 
capable of passing frequencies higher 
than are needed to adequately resolve a 
given space scale, techniques must be 
applied to limit their responses and, 
therefore, the data bandwidths of these 
devices. This approach provides two 
resu lts  im portan t in making final 
computations: (1) the elimination of 
unwanted atmospheric inputs, and (2) 
the maintenance of phase integrity 
between the input parameters.

The technique chosen for minimizing 
EDMS channel noise is primarily aimed 
at the analog inputs, but many of the 
attributes of this approach will enhance 
the transmission of digital signals as 
well. To minimize the effects of the 
long cable runs necessary on the Electra, 
sensor outputs are amplified to high 
levels as near the source as possible. 
Special twin-axial cables carry both

analog and digital signals to the EDMS 
(located about midship). Each analog 
input is passed through a precision 
differential amplifier whose primary 
function is to act as an isolator. The 
combination of the twin-axial cabling 
and the amplifier for each channel 
forms a “guarded front end” which 
provides the greatest degree of isolation 
possible.

The output of each differential ampli
fier is passed through an active, four- 
pole Butterworth filter. High frequency 
components picked up or generated by 
the sensor which are not blocked by the 
differential amplifier are stopped by the 
filter before being quantized along with 
the desired signal. Equally important, 
the filter restricts the sensor data band
width to only that which is necessary to 
provide the desired minimum spatial 
resolution. For example, the resolution 
requested for GATE measurements is 
125 m for the state parameters, cloud 
physics variables, and radiation data. If 
all parameters requiring the same spatial

10-Channel INS 8-Channel
Synchro/ Interface 16-Bit Parallel
Resolver (ARINC Addressable

Converter Transmitter) Buffer

\ 1  . t
Computer No. 1 Input/O utpu t Bus

3
16-Bit 13-Bit

D igital-to- Analog-
Analog to-D igital

Converter Converter

I
y 'Sam pleV

f  and Hold

64- 50 Random
Channel — Differentia l Address

TW INAX Amps Multiplexer
Patch and
Panel Filters _

UJ

E
5-Channel
Serial-to-
Parallel

Converter

INS
Interface 
(ARINC 
Receiver)

E LE C TR A  D A T A  M A N A G E M E N T  SYSTEM
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resolution are sent through filters having 
identical transfer functions, the phase 
integrity of all the observed variations is 
preserved.

Data System F lexib ility

To be truly flexible, the final system 
should be able to accept the full spec
trum of input signal characteristics, to 
provide a wide latitude of variation in 
sampling and output frame assembly, 
and to allow display and computational 
requirements to be fully altered.

When completed, the EDMS will re
ceive and transmit data in both analog 
and digital form. As shown in the 
accompanying block diagram, there are

64 dc analog input channels (expand
able to 128), 10 synchro/resolver in
p u ts ,  5 serial-digital inputs, and 8 
parallel-digital channels, plus special 
interfaces for the LTN-51 inertial 
system, the Omega dropsonde, and the 
Knollenberg particle probes. There will 
be 6 channels of digital-to-analog vol
tages plus 4 serial-digital outputs for 
whatever equipment is installed by the 
scientist.

When the massive control problem is 
considered for a system such as the 
EDMS, only one approach is feasible. A 
software-controlled system, no matter 
how complex, is superior to a hardwired 
system because the hardwired approach 
forces very tight constraints on the use

ful operating range and as a rule is not 
easily modified when the need arises. 
The EDMS utilizes a dual computer 
system for maximum flexibility (see 
diagram). Computer No. 1 functions 
primarily as a controller over the sam
pling, digitizing, and output routines, in 
addition to serving as an intermediary in 
communicating with the various exter
nal sensing systems. Computer No. 2 
handles all the computations, display 
generation, line printer operation, and 
c o m m u n ic a t io n  w ith  user-oriented 
devices. In the event of a single com
puter failure, provisions have been made 
for the remaining computer to continue 
functioning in a largely data-logging 
mode.

23



Real-Time Data Display

The EDMS, with the computational 
power afforded it by the dual computer 
system, is capable of providing the 
scientist with reasonably accurate de
rived parameters while in flight. Mete
orological, navigational, and aircraft 
information, which is of interest for 
note-taking and planning purposes, will 
be simultaneously displayed on six tele
vision monitors placed at scientific sta
tions throughout the cabin. Computa
tional routines currently planned in
clude an INS/Omega position compari
son and vertical flux estimates. In 
addition, properly scaled analog voltages 
representing derived parameters are 
available for strip-charting and similar 
purposes.

System Monitoring

The long flight durations and the 
GATE accuracy requirements, particu
larly in wind-field measurements, re
quire an in-flight, real-time monitoring 
function. Apart from basic data con
siderations, the cost of remote opera
tions such as those planned for GATE 
and AMTEX is sufficient to consider 
some form of hardware monitoring also.

One of the greatest problems with 
long flights will be the dc drift in the 
analog portions of not only the sensors 
but in some of the data system com
ponents as well. The effect of these dc 
d r i f ts  will be to limit the long- 
wavelength resolution of the system. 
Ideally one would like to devise a 
method to reference out the drifts at 
each sensor, but unfortunately this is 
se ldom  possible. To minimize the 
problem, each analog channel front end 
of the EDMS will be monitored for drift 
on an individual channel basis. This will 
be acco m p lish ed  by the periodic 
switching of a calibrating signal from an 
u ltra -s tab le  1 6 -bit digital-to-analog 
converter into each of the differential 
amplifiers. This technique will also 
allow the detection of amplifier gain 
changes, linearity shifts, and quantizer 
sensitivity fluctuations, all under com
puter control.

The level of performance of the 
sensor complement and the EDMS sub
systems will need to be evaluated during 
flight. Each incoming data channel will 
be continuously subjected to a series of 
statistical routines in Computer No. 2. 
Warnings will be posted when the signal 
variance exceeds a predetermined limit 
or drops to zero. This information will 
enable the operator to isolate the cause 
in either the sensor or the data channel 
and possibly to remedy the problem 
while still in flight. Periodic checking 
will also be performed by the computers 
On all interfaces, digital data channels, 
and external systems; there will also be 
limited computer self-testing.

Data Format

The output data frames assembled by 
Computer No. 1 will be written in NRZ1 
format on seven-track tapes at a packing 
density of 556 bytes per inch. The tape 
drives chosen for the EDMS have a 
d u a l-d en s i ty  capability of 556 or 
800 bpi and are convertible to nine- 
track phase-encoded format. The seven- 
track format was selected over the more 
efficient nine-track system because the 
seven-track is more universally available 
throughout the world and the physical 
tape-handling demands are more in 
keeping with the known vibrational 
environment of the Electra. The dual
density feature does allow for the more 
efficient packing density if flight tests 
indicate a high level of reliability.

To fulfill the goal of providing maxi
mum tape surface utilization, an assess
ment was made of the data volume 
generated and stored on a 10 - hr flight. 
The volume of data written is the 
product of the number of active chan
nels, the level of quantization on each 
channel, their respective sampling fre
quencies, and the duration of the data- 
gathering period. The number of data 
channels operating at one time will be 
dependent on the program and could 
vary from day to day. The level of quan
tization on each channel depends on the 
desired range and resolution of the 
m easured  param eter. Analysis has 
shown that the range of quantization

levels necessary for the analog inputs is
9 to 13 binary digits or bits. Other 
measurement systems, such as the in
ertial platform and Omega dropsonde, 
require word lengths ranging from 8 to 
18 bits. The required sampling fre
quency on each channel is dependent on 
the smallest scale of motion to be re
solved and the spectral cutoff rate of 
the pre-sampling filter. With the four- 
pole Butterworth filters previously 
mentioned, the required sampling rates 
are at least six times the highest fre
quency being passed. For example, to 
provide the desired spatial resolution in 
the recorded state parameters, it will be 
necessary to pass all frequencies up to
1 Hz. Therefore, the minimum sampling 
frequency will be six samples per second 
on these channels to insure an rms 
dynamic accuracy of 1%.

Data-Frame Compression

In an effort further to reduce the 
n u m b e r  o f  recorded  observations, 
several data compression techniques will 
be applied in assembling the final tape 
frame. Because the two particle probes 
and the dropsonde portion of the 
Omega system produce meaningful data 
only on an intermittent basis, the con
cept of a dynamic data frame is justi
fied. Thus, the frame length recorded at 
any given time may assume one of four 
lengths, depending on the status of 
these intermittent sensors. Pre-sampling 
filters are a form of data compression 
because they limit the available fre
qu en cy  spectrum to only what is 
needed. Additional compression can be 
gained by using up to a third-order 
decimation to reduce the number of 
observations by a factor of three. Also, 
by writing a packed binary tape format 
only the number of bits needed to pro
vide the required range and resolution 
will be written for each data channel, 
thereby further increasing the data- 
packing efficiency.

If the five major design goals outlined 
here are carried out, the Electra Data 
Management System should contain the 
flexibility and utility necessary for any 
further programs. •
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Beechcra ft Q ueen  A ir  
A ircra ft
Robert H. Burris, 
James C. Covington, and 
M . Norman Zrubek

The Research Aviation Facility has 
operated at least one Beechcraft Queen 
Air since the Facility was formed in 
1963 , and presently operates two 
models of the aircraft with nearly iden
tical performance specifications. The 
Queen Airs are considered the work 
horses of the RAF and have operated in 
a wide variety of locations and climates 
from Baffin Island to equatorial Vene
zuela, and from Barbados in the West 
Indies to the Line Islands in the central 
Pacific. They have proved to be ex
tremely versatile, relatively inexpensive, 
and highly dependable airplanes for use 
as research platforms. The minimum 
flight crew is one pilot, with two pilots 
occasionally assigned if warranted by

the complexity of flight profiles, traffic 
density, or navigational difficulty. The 
copilot’s seat is usually available for a 
scientific observer.

Cabin

Both Queen Airs have a rectangular 
cabin 1.35 m high, 1.37 m wide, and 
4.27 m long. The main entry doors are
1.3 m high and 0.66 m wide. A cargo 
door next to the entry door in the 
Queen Air N306D widens the entry 
access by 0.74 m; this is the chief dif
ference between the N306D (a model 
B - 80) and the N304D (a model 
A - 80).

Standard aircraft seat rails on both

James E. Covington, R A F  research pilot, completed three years o f  university work. He graduated from  the U.S. 
Arm y A viation School as a fixed-wing pilot in 1962, and served six years as a Caribou first pilot with the 
U.S. Army. He spent I'A years flying logistical and research missions fo r  glacier and ice cap movement 
studies, ice cap weather studies, and aerial photography. He joined NCAR in 1968 and holds the 
following ratings: commercial single and multi-engine land, and instrument rotorcraft helicopter.

Robert 11. Burris, R A F  research pilot (at the left in the photograph), 
earned a B.S. degree in business administration (management) from the 
University o f  California in 1957. He entered the U.S. Arm y Air Corps in 
1943 and served as a navigator in the western Pacific during the last year 
o f  World War II. He graduated from  the U.S. Air Force pilot training 
program in 1951 and completed a combat tour in Korea in 1952. Before 
retiring from  the Air Force in 1967 he held the positions o f  fighter 
gunnery instructor, flight commander, squadron operations officer, 
management engineering officer, and chief o f  flight operations involving 
over 40 aircraft in support o f  the A ir Force Academy. He has been a 
simulator and flight instructor fo r  the Allison Convair with Frontier 
Airlines. He joined NCAR in 1970 and holds airline transport pilot rating, 
type ratings in Convair 240, 340, and 440, and the Allison Convair rating.
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sides of the cabin are used to anchor 
seats and research equipment racks. The 
rails are 1.69 m long on the left side and 
3.36 m long on the right side. The 
instrument racks will accept standard 
48.2-cm -wide panel-mounted equip
ment, and provide 71 cm of vertical 
space. The depth of rack-mounted 
equipment should not exceed 42 cm. 
Each rack can support 69 kg, with the 
center of gravity 56 cm above the floor. 
The racks face the aircraft aisle.

Electric Power

Each Queen Air has a split electrical 
system. The left engine drives an alter
nator that supplies the ship’s power, and 
the right engine drives an alternator for 
research power. If the left alternator 
fails, the ship’s electrical load is trans
ferred to the right engine and the re
search power is terminated.

The basic research power available is 
90 A at 28 V dc. Rotary converters 
supply 11 5 - V ac 60 Hz and 400 Hz 1 0 
and 3 <f> A from the 28 - V dc. There are
1,000 VA o f  60 Hz available and 
750 VA of 400 Hz 1 0 and 3 <p. Opera
tion of the converters reduces the avail

able amount of 28 - V dc. The experi
menter should prepare a power budget 
that will not exceed the basic power 
output of the system. The 60 - Hz 
converter requires 71.5 A of 28 - V dc 
and the 400 - Hz converters 50 A of 
28 - V dc to deliver their full, rated 
output. Experimenters are required to 
use special connectors for power to 
their instruments. The connectors are 
available from the RAF.

Sensor Mounting and Ports

A fiber-glass boom 1.1m long can be 
mounted on the nose of each aircraft, 
aligned with the fuselage center line. 
The boom can support a 4.4 - kg load of 
instruments at its tip.

Each aircraft has four openings along 
its top center line. They are designed 
primarily for air-sample intakes, but can 
be used for other purposes. Three of the 
openings are 2.5 cm in diameter, and 
one is 10 cm in diameter; a variety of 
air-sample scoops is available to fit both 
sizes of openings. Each opening is sur
rounded by a bolt-hole pattern for 
attaching other equipment.

Each aircraft has a 40 - cm-diameter 
aperture through the outside skin on the 
bottom aft, right side of the aircraft. 
D irec t ly  above this aperture is a 
24 X 38 cm oval aperture through the 
aircraft floor between the seat rails. 
These openings allow down-looking 
equipment to be located inside the air
craft and supported from the seat rails.

The Queen Air N 304D  has a 
40 X 40 cm aperture in the bottom of 
the aircraft on the right side just aft of 
the main wingspan. It has various uses 
but is primarily for the down-looking 
Texas Instrument R S-310  infrared 
scanner (see article, “Airborne Infrared 
Imaging System”). Hardpoints at each 
corner of the aperture support the 
R S-310  scanner or other equipment. 
When the aperture is used, the seat rail 
length on the right side of the aircraft is 
reduced by about 63 cm.

A fuselage hardpoint is located just 
forward of the copilot’s windscreen on 
each aircraft. This hardpoint is designed 
to accept the University of Chicago lead



foil precipitation particle sampler, but 
other small equipment can be mounted 
with the existing bolt-hole pattern. 
Access to the forward radio compart
ment is through a 1 0 -cm hole in the 
aircraft skin.

The tables show the wide range of 
instrumentation and associated equip
ment which is available for the Queen 
Airs and which makes them extremely 
well suited for support research pro
grams. Equipment support is maintained 
through the RAF and includes calibra
tion, limited overhaul, and some spare 
parts. •

QUEEN AIR SPECIFICATIONS

Engine Power: 330 blip  12,334 kW)

Wingspan: 50 ft 115 m)
Length: 35 fi 6 in 110 8 m)
Cabin F loor Area: 65.7 f t 2 (6.13 m 2)
Empty Weight- 6 100 lb (2,770 kg)

Maximum Gross Weight: S.500 lb (3.850 kg)

Maximum Payload Weight L im it: 2,400 lb 11,090 I gl

Maximum Landing Weight: 3,500 lb (3,350 kg)

B !e< f  i
■ Primary.: 28 V dc 90 A 2,520 W

Secondar y: 1# 60 H.; 115 V ac 
10 400 Hr 115 V a c  
3.;i 400 Hz 115 V ac

1,000 VA 
/h0  VA 
750 VA

Fuel Capacity: 1,564 lb 1710 kgl

PERFO RM AN CE

Maximum Cruising Range: 
Service Ceiling: ;
Stow Flight Speed 

Maximum Endurance:

1.000 n m i ! 1.800 km)
30.000 fi (9,100 m?
IAS I 10 kt (204 km h .) 
6 5 hi

BASIC METEOROLOGICAL INSTRUMENTATION ABOARD THE QUEEN AIR

M A N U FA CTU RER
A C C U R A C Y RESPONSE*PA RA M ETER INSTRUM EN T TYP E RANGE

AND M ODEL NO.
±0.2° C 1 sec

±0.5°C 8 to 10 sec

±0.5UC above O' Cl 
±1,0°C below 0°C

3 C;sect

*41 m b t 0 025 sec I

±0.14 m /sect .... 0.025 sect

.*.1.0 ' Undetermined

±0.53 Undetermined
Undeter mined Undetermined

Undetermined 1.5 sec

1 10% 0.02 sec

tO 5” C t 0 E id

Unavailable 1 sect

Stagnation A i r  
Temperature

Moisture Content 

Pressure A ltitude  

Airspeed

Magnetic: Heading

D rift Angle and 
Ground Speed

Cloud Liquid Water

Hydrometeor Liquid 
WMter Content

Precipitation Particle 
Sampler

Radiometric Surface 
Temperature;

Visible Radiatlon

Thermal Mapping 
(N304D)

Weather Radar 
Photography

Platinum Resistance 
Total Temperature 
Probe

Platinum Resistance 
Reverse-Flow Total 
Temperature Probe

Thermoelectric Dew- 
Point Hygrometer

Vari •lilt' Capacit snce 
Pressu ■ Jucer

Variable Capacitance 
Pressure Ti ansducer

F lux-Gate Gyro Compass

Doppler Navigator 

Hpt-Wire F lowmeter 

Optical F lowmeter 

Lead Foil Impactoi

Rosemount Model 
102E2AL

NCAR

S3

del
1301-A

Rosemilunt Model 
1301 -B

Sperry Model N 1
(N304DS

Bendix C-11 (N306D)
Singsr-GPL Model 

APN-153V
Johnson-Williams 

Model LWH
NCAR

NCAR

Bolometric Radiometer Barnes Model PRT-5 
8 - 1 14-nm b 11

Spectral Pyrartometer 
(280- to  .2,800rjitn 
b a n d ) ..

I nil .ir.’il t me Scannei *

X-Band Search Radar
16-mm Time-Lapse 

Camera and 
Intervalomete.r

Eppley Model 2

Texas Instruments
iel iS 10

RCA Model AVQ-55 
Giarinini Model 11 l-B

-70 to +30 C

-60 to +40° C

-50 to +50° C 

300 to 1,035 mb 

0 t o 140 m/sec 

0 to 360

0 to 500 m/sec 
-40 t o +40°
0 to 6 g/m 

0.2 to 4.5 g /m '

150 MW to 1 min 

50 to i 50 C 

0 to 2.5 By/min:

See article", "A irborne  
Infrared Imaging 
System"

0 to  45 n mi
0 to 16 frames/sac

* A  s ta n d a rd  6 3 .2  1 t im e  • o n s ta n t  i i im p l ie d  u n le ss  o th e rw is e  s p e c if ie d ,  
tM a n u fa c tu r e r 's  s p e c if ic a t io n s .  T h e se  va lu e s  m a y  v a ry  c o n s id e ra b ly  d e p e n d in g  o n  
t T h is  in s t r u m e n t  is a v a ila b le  to  q u a l i f ie d  u se rs  u p o n  re q u e s t th ro u g h  th e  N a t io n a l

a i r c r a f t  in s ta l la t io n  c o n f ig u r a t io n  a n d  f l ig h t  e n v e lo p e . 
H a 'il R e se a rch  E x p e r im e n t  ( N H R E )  a t  N C A R .
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The N C A R  S ab re lin e r
L oyd  Newcomer and Ronald Ruth

The NCAR Sabreliner, built by North 
American Rockwell, Inc., is a low-wing, 
tw in - je t  monoplane with axial-flow 
engines pod-mounted on each side of 
the fuselage. The airplane is provided 
with a plug-type main entrance door 
which opens downward, forming steps 
for entry on the left side of the fuselage 
forward of the swept-back wing. There 
are also ground escape hatches on each 
side of the fuselage above the wings.

Fuel is carried in integral wing tanks 
and a fuselage tank with fuel servicing 
p e r fo rm ed  th ro u g h  a single-point 
pressure-refueling receptacle. However, 
provisions also have been made to allow 
gravity-flow refueling.

A ircra ft Weight and Load

The empty weight of the aircraft with 
no fuel, a bare cabin, no external sen
sors, and no other research protuber
ances is 10,763 1b. Because the maxi
mum zero fuel weight is 13,250 lb, this 
permits a payload of 2,487 lb. All 
weight above 13,250 1b must be fuel. 
The total fuel tank capacity is 7,122 lb, 
based on a fuel density of 6.7 lb/gal. 
Therefore, the maximum permissible 
ramp and taxi weight is 20,372 lb. This 
weight has been specified by the manu
facturer based on the airframe’s struc
tural strength, but consideration also 
must be given to performance limita

tions. The pressure altitude of the air
port and the runway temperature may 
dictate a reduction of gross weight to 
maintain satisfactory single-engine climb 
c a p a b i l i ty  im m ed ia te ly  following 
takeoff.

Maximum Ceiling

The aircraft has been certificated to a 
maximum altitude of 45,000 ft. The 
flight endurance at that height depends 
on the payload carried, but with a nomi
nal payload the airplane should be able 
to remain at maximum elevation for 
approximately 45 min.

The cabin and cockpit are pressurized 
by hot air extracted from the compres
sors of both engines. The air is condi
tioned as it passes through a heat 
exchanger to a cooling turbine where 
the temperature is reduced to about 
-5°C. This cold air is then remixed with 
hot air and recirculated to the cabin to 
m a in ta in  cabin pressurization at a

Ronald L. Ruth earned the B.S. and M.S. degrees in meteorology at Pennsylvania State 
University; from  1966 to 1970 he was an electronics engineer in the Equipment 

Development Laboratory with the National Weather Service, NOAA. From 1970 to 1972 
he was a sta ff meteorologist with Beukers Laboratories, Inc. He joined the R A F  in 1972

as meteorological engineer fo r  the Sabreliner.

Loyd E. Newcomer began flying in the Civilian Pilot Training program in 
1940 as an electrical engineering student at Kansas State University; his 
flight training continued in the Naval Aviation Cadet program. He was 

designated a naval aviator and commissioned an ensign in the U.S. Naval 
Reserve in 1941; following World War II, he accepted a permanent commission 

in the Navy and was on active duty until he retired in 1962. Since then 
he has been in the field o f  general aviation; he joined NCAR in 1966 and 

is deputy manager o f  the operations group and chief pilot fo r  the RAF.
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selected temperature. Equivalent sea- 
level pressurization can be maintained 
to an altitude of 21,200 ft, at which 
height cabin differential pressure will be 
8.2 psi. From this altitude to 40,000 ft 
the differential pressure remains con
s ta n t ,  bu t  the cabin altitude will 
“climb” to 8.000 ft. Above 40,000 ft 
the cabin altitude remains constant, but 
the differential pressure will increase 
from 8.2 to 8.8 psi, at 45,000 ft, the 
maximum approved operating altitude.

For research missions requiring a 
cabin altitude greater than 8,000 ft, the 
pressurization system can be modified 
to maintain a cabin altitude from
13,000 to 16,000 ft. If an unpressurized 
cabin is required, altitudes to 33,000 ft 
can be flown.

Instruments and Systems

The aircraft’s avionics compartment 
is located on the right-hand side toward 
the front end of the cabin. It contains 
enclosed housings for navigation equip
ment and the power distribution panels. 
Electrical circuit breakers and distribu
tion panels also are located at the rear 
of the cabin.

At the front of the cabin on the left 
side an observer’s console houses a gyro
compass, the doppler radar, and the 
Airborne Data Acquisition and Re
cording System (ADARS). The instru
mentation recorder is located between 
the observer’s console and the main 
entry door. A two-channel strip-chart 
recorder can also be supplied. Across 
the aisle from the observer’s console are 
research  instrumentation equipment 
racks th a t  ho ld  panels measuring 
46.26 cm in width. The racks accom
modate panels with standard mounting 
screw spacing, and additional racks are 
available. Pairs of seat rails run along 
each side of the cabin on which to 
mount the seats and the equipment 
racks.

E q u ip m e n t  n o t  suited for rack 
mounting is fastened directly to aircraft 
hardpoints or to the seat rails. When 
necessary, the observer’s console and 
the instrumentation racks can all be 
removed to provide full use of the cabin

volume (approximately 13.6 m 3). How
ever, this would delete the Aircraft 
R ecord ing  Instrumentation System 
(ARIS) and other basic instrumentation.

The fuselage has four screw-mounted, 
removable panels spaced at intervals 
along the top center line. The panels 
measure approximately 20 cm2 and 
permit mounting of passive antennas, 
vertical sensing equipment, and air sam
pling d u c ts .  Spare panels can be 
supplied.

An unpressurized compartment in the 
nose of the Sabreliner holds the base of

S A B R E LIN E R  SPE C IF IC ATIO N S

Engine Power: (2) JT 12A-8 Engines-----3,300 eshp each
(24,600 kW each)

Wingspan: 45 f t  (13.7 m)
Length: 48 f t  (14.6 m)
Cabin F loor Length: 127 in. (323 cm)
Em pty Weight: 10,763 lb (4,882 kg)
Maximum Gross Weight: 20,372 lb (9,241 kg)
Maximum Payload Weight L im it: 2,487 lb (1,128 kg)
Maximum Landing Weight: 17,500 lb (7,938 kg)
Electrical Power:

Primary: 28 V dc 375 A 10,500 W
400 Hz 115 V a c 2,000 VA

Secondary: 10 400 Hz 115 V ac 2,500 VA
(This power is from  ind iv id 30 400 Hz 115 V a c 750 VA
ual inverters, not all of 10 60 Hz 115 V ac 1,000 VA
which can be flow n at the 
same time.)

Fuel Capacity: 7,122 lb (3,231 kg)

PERFO RM AN CE

Maximum Cruising Range at 
4 0 ,0 0 0 ft (12,100 m):

Service Ceiling:
Slow-Flight Speed:
Maximum Endurance at 

20,000 lb (9,100 kg) 
at 30,000 f t  (9,100 m):

1,500 n mi (2,800 km) 
45,000 f t  (13,700 m) 
IAS 150 k t (280 km /hr)

3  h r 29  m in



a specially instrumented nose boom. 
The tip of the 5 - m boom can support a
5 - probe Douglas differential pressure 
head used for air motion research. The 
boom can also hold air sampling probes 
with the sampling apparatus housed 
either in the unpressurized nose com
p a r tm e n t  or inside the pressurized 
cabin. The aircraft nose has been modi
fied to allow installation of an RCA 
AVQ - 55 X-band radar; radars on other 
frequencies (not available from the 
R A F) can also be accommodated. 
Attachment latches permit removal of 
the radar while the nose boom is still 
installed, and a spare radome is avail
able. A blower keeps the compartment 
cool during ground operations.

Electrical Power

Research power is available in the 
nose and at various places within the 
cabin. The power is supplied by the

28 - V dc aircraft electrical system, with 
the prerequisite that both engines and 
generators are operating. If there is a 
failure or shutdown of either engine or 
generator, the research power auto
matically drops from the distribution 
line. The 28 - V power can be converted 
to other voltages and frequencies by 
inverters that are carried as needed to 
suit the experiment. Not all the avail
able inverters can be flown at the same 
time. The two main electrical buses are 
28 V dc and 115 V, 400 Hz ac. The 
400 - Hz supply comes from the aircraft 
system’s standby inverter. The power is 
controlled and monitored by the pilot 
so that it will not exceed 375 A at 28 V 
dc or 2,000 VA at 115 V, 400 Hz.

A group of coaxial cables and wire 
bundles, containing shielded twisted 
pairs, originates at various aircraft loca
tions and terminates at the instrumenta
tion rack to interconnect sensors and 
equipment. Although it is discouraged,

signal wiring can be used when neces
sary for power distribution, although 
low-voltage dc is recommended. Some 
cables interconnect standard equipment, 
such as the radars and the inertial navi
gation system. Output from the research 
instruments is digitized by the ARIS III 
and sent to ADARS for magnetic tape 
recording.

In the past, the Sabreliner has been 
modified for special uses. High-altitude 
air sampling equipment flown for 
NCAR’s Laboratory of Atmospheric 
Science has included intake and exhaust 
ducts mounted on top of the fuselage 
with the valves and sampling containers 
located inside the pressurized cabin. 
Scientists from NCAR’s High Altitude 
Observatory have flown in the Sabre
liner to study infrared solar radiation 
with a Michelson interferometer. A 
servo-control mirror kept the sun’s 
image aimed at the instrument despite 
aircraft motions during flight. •

BASIC M E T E O R O LO G IC A L IN S T R U M E N T A T IO N  A B O A R D  THE S A B R E LIN E R

PARAMETER INSTRUMENT TYPE
MANUFACTURER 
AND MODEL NO.

RANGE ACCURACY RESPONSE*

Stagnation A ir 
Temperature

Platinum Resistance Total 
Temperature Probe

Rosemount Model 
102E2A L

-70 to +30° C ±0.2°C 1 sec

Moisture Content Cryogenic Dew-Point 
Hygrom etert

EG&G Model 196-2 -100 to +50° C ±1.0°C* 4.5 sec*

Pressure A ltitude Variable Capacitance 
Pressure Transducer

Rosemount Model 830 150 to 1,060 mb ±1.0 m b* 0.025 sec*

Airspeed Variable Capacitance 
Pressure Transducer

Rosemount Model 830 0 to 230 m/sec ±0.23 m/sec* 0.025 sec*

Magnetic Heading Flux-Gate Gyro Compass Sperry Model C-12 0 to 360° ±0.75°* Undetermined

D rift Angle and 
Ground Speed

Doppler Navigator Singer-GPL Model 
A P N -1  5 3

0 to 500 m/sec 
±40°

Undetermined Undetermined

A irc ra ft A ttitude , 
Velocity Vector, 
and Position

Inertial Navigation 
System

Litton  Model LTN-51 See article, "M eteoro
logical Uses o f Inertial 
Navigation"

Relative A ir Motion Douglas-Type D iffe r
ential Gust Probe

North American 
Rockwell

Angle o f attack Statham Model PM184TC ± 2 0 ° Undetermined 0.167 sec§

Angle o f sideslip Statham Model PM184TC ±10° Undetermined 0.167 sec§

Vertical acceleration Statham Model A6-6-350 ± 6  g Undetermined 0.013 sec*
Lateral acceleration Statham Model A6-2-350 ± 2  g Undetermined 0.016 sec*

Weather Radar X-Band Search Radar RCA Model AVQ-55 0 to 45 n mi

Photography 16-mm Time-Lapse 
Camera and 
Intervalometer

Giannini Model IIl-B 0 to 16 frames/sec

Dropsonde Launcher Dropsonde Pod fo r 
NCAR sondes

Fairchi Id-H i I ler 10-sonde capacity

* A  s ta n d a rd  6 3 .2 %  t im e  c o n s ta n t  is  im p l ie d  u n le s s  o th e r w is e  s p e c if ie d .
T U n d e r  d e v e lo p m e n t .
♦ M a n u fa c tu re r 's  s p e c if ic a t io n s .  T h e se  v a lu e s  m a y  v a ry  c o n s id e r a b ly  d e p e n d in g  o n  a i r c r a f t  in s ta l la t io n  c o n f ig u r a t io n  a n d  f l ig h t  e n v e lo p e .  
§ F re q u e n c y  re s p o n s e  l im it e d  b y  n ose  b o o m  n a tu r a l f re q u e n c y .
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T h e  N C A R

d e  H a v i l l a n d  B u f f a l o

Clay A. Orum, R A F  research pilot 
(on the left in the photograph), ob
tained a B.S. degree in marketing 
from  the University o f  Illinois in 
1942. He obtained a private p ilo t’s 
license in 1940, and served two years 
as a troop carrier pilot with the U.S. 
Arm y Air Corps. Employed in avia
tion since September 1946, fo r  15 
years prior to joining NCAR he was a 
corporate pilot and has a total o f  
about 7,500 flight hours. His airman 
ratings include airline transport pilot, 
airplane single and multi-engine land, 
and Douglas A -26; he has commercial 
privileges, airplane single-engine sea, 
and flight instructor rating airplane 
and instrument; he also has ground 
instructor ratings in meteorology, 
navigation, aircraft, and aircraft 
engines.

Lester M. Zinser, R A F  research pilot, 
earned a B.S. degree in physical 
education and biological science from  
the University o f  Illinois in 1948, an 
M.S. degree in educational psychology 
in 1949, and has 18 hours toward a 
Ph.D. degree in educational psychol
ogy. He graduated from  the U.S. Air 
Force Flight Training School as a 
pilot in 1945 and served a short tour 
o f  active duty with the A ir Force. In 
1956 he took a position with Martin 
Aircraft as a human factors engineer; 
from  1957 to 1966 he was chief flight 
instructor and associate professor o f  
engineering and technology at Western 
Michigan University. He joined NCAR  
in 1966.

The Buffalo D H C -5, built by de 
Havilland of Canada, is a high-wing 
monoplane powered by two axial-flow 
turbine engines. The engines are coupled 
to speed-reducer gearboxes which drive 
c o n s t a n t - s p e  e d , va r ia b le -p itc h  
propellers.

The Buffalo has been modified as a 
research airplane with emphasis on 
measurement of atmospheric motions. 
The chief addition is a 4 .2 7 -m  nose 
boom for mounting sensors in the free 
airstream. The large boom is strong 
enough to house an inertial navigation 
platform within its base; details on the 
boom and its instruments are given in 
the article, “Air Sensing Probes on the 
Buffalo.”

Lester M. Zinser, 
Clay A. Orum, and 
Richard B. Friesen

The Buffalo is stable throughout its 
e n tire  speed range of 100 -180  kt 
(IAS). High-lift, full-span flaps and an 
aileron-spoiler combination keep the 
aircraft maneuverable at slow speeds. A 
Bendix PB60 autopilot controls a tti
tude, heading, and altitude, and in 
smooth air limits aircraft pitch, roll, and 
yaw to ±0.5°.

The cabin is unpressurized, so that 
a b o v e  14 ,0 0 0  ft oxygen  m asks 
(connected to a pressure-demand oxy
gen system) must be worn. Installation 
of scientific equipment which is in
stalled with openings to the aircraft 
exterior is easier than in a pressurized 
aircraft.

Other features of the cabin include

Richard B. Friesen received his B.S. in 
mathematics/physics from  the University o f  
Colorado and is currently taking courses in 
atmospheric sciences at the Colorado State 
University Graduate School. He has worked as a 
research assistant for the University o f  Colorado 
Physics Department and was employed at 
NCAR in the summer o f  1967 in the Cloud 
Physics Department o f  the Laboratory o f  
Atmospheric Science. He has coauthored 
“Spark Discharges and Coalescence between 
Water Drops in an Electric Field. ’’Presently 
he is assigned to the R A F  as an instrumentation 
engineer fo r  the de Havilland Buffalo aircraft.
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Z-rails along the floor, a stainless steel 
tube attached to the upper stretcher bar 
to support instrument racks, and a glass 
dome in the top of the fuselage. An 
observer in the dome has a 360° view of 
the sky from the horizon to the zenith, 
and can direct the flight while viewing 
outside conditions.

E lec tric  pow er for research in
s tru m en ta tio n  is derived from the 
nominally 400 - Hz aircraft inverters 
powered by two 28 - V dc generators, 
each capable of supplying 200 A. The 
basic 28 - V dc power is available for all 
in s tru m e n ta tio n  and also provides 
power for the inverters which produce 
ac power at different frequencies and 
phases (see Table 1).

Equipped with a nose boom, nu
merous external sensors, and interior 
instrument racks, the Buffalo generally 
w eighs at le a s t 28,500 lb. About
9,500 lb are available for crew, scien
tists, and fuel. Since fuel could mono
polize all of this weight, there must be 
trade-offs between fuel, payload, and 
crew weights. Average fuel loads give a 
research time of 4 - 6 hr, depending on 
flight altitudes and research flight re
quirements. The Buffalo was designed as 
a short takeoff and landing (STOL) 
aircraft, but unfavorable conditions can 
require a reduction in gross weight at 
takeoff.

An audio-interphone system allows 
co m m u n ica tio n  between the pilot, 
copilot, flight engineer, and six research

stations within the cabin. The flight and 
research crews can communicate sepa
rately among themselves and each flight 
and research crew member can also 
m o n ito r  all radio receivers. Air-to- 
ground communication can be con
ducted by the pilot and copilot and 
from four of the six cabin stations. 
Communication from the cabin stations 
is available on FM, VHF, and UHF fre
quencies selected at the discretion of 
the flight-deck crew who control the 
Buffalo’s communications system.

The Buffalo is approved for flight 
under known icing conditions. It has an 
emergency locator beacon, life rafts, 
and survival kits, and is thus well 
equipped for flight over both rough 
terrain  and water. It has self-start 
capability and can be essentially self- 
supporting. For most research programs, 
how ever, ground-based facilities, in
cluding an electrical ground-power unit, 
an air-start cart, jet fuel, and minor 
m aintenance facilities, are generally 
needed.

Table 2 summarizes the basic research 
instrumentation aboard the Buffalo. 
The ARIS III system (see article later in 
this issue) receives outputs from all of 
the research instrumentation for on
board tape recording. •
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Table 1
B U F F A L O  SPECIFI CAT IONS

E n g in e  P o w e r: 2 ,8 5 0  eshp (2 1 ,2 5 0  kW )

W ingspan : 9 6  f t  (2 9  m )

L e n g th : 77 f t  4  in . (2 3 .5  m )

C a b in  F lo o r  A re a : 2 4 0  f t 2 (2 2 .3  m 2 )

E m p ty  W e ig h t: 2 4 ,0 0 0  lb  (6 ,3 5 0  kg)

M a x im u m  G ross W e ig h t: 3 8 ,0 0 0  lb  (1 7 ,2 3 0  kg)

M a x im u m  P ay load  W e igh t 
L im i t : 1 4 ,0 0 0  lb  (6 ,3 5 0  kg)

M a x im u m  L a n d in g  W e ig h t: 3 6 ,5 0 0  lb  (1 6 ,5 0 0  kg)

E le c tr ic a l P o w e r: 
P r im a ry : 2 8  V d c  4 0 0  A 1 1 ,2 0 0  W

S e co n d a ry : 10 6 0  H z  1 1 5  V a c  
10 4 0 0  H z 115  V a c  
3  0  4 0 0  H z 115  V a c  
3 0  4 0 0  H z  115  V a c

1 ,0 0 0  V A
1 .5 0 0  V A
2 .5 0 0  V A  W ye
2 .5 0 0  V A  D e lta

F u e l C a p a c ity : 1 3 ,5 6 0  lb  (6 ,1 5 0  kg)

PERFORMANCE

M a x im u m  C ru is in g  Range 
at 65%  p o w e r and  m a x i
m u m  fu e l,  w ith  no p a y 
load o r  e x te rn a l p rob e s :

a t 5 ,0 0 0  f t  (1 ,5 0 0  m ) -  1,681 n m i (3 ,1 1 3  km ) 
a t 2 0 ,0 0 0  f t  (6 ,1 0 0  m ) = 2 ,4 9 5  n  m i (4 ,6 2 1  km )

S erv ice  C e ilin g : 2 5 ,0 0 0  f t  (7 ,6 2 0  m )

S lo w -F lig h t S peed : IA S  9 0  k t  (1 6 6  k m /h r )

M a x im u m  E n d u ra n c e : 6 h r

Table 2

BASIC M E T E O R O L O G I C A L  I N S T R U M E N T A T I O N  A B O A R D  T H E  B U F F A L O

PARAMETER INSTRUMENT TYPE
MANUFACTURER 
AND MODEL NO.

RANGE ACCURACY RESPONSE*

S ta g n a tio n  A ir  
T e m p e ra tu re

P la t in u m  R esis tance  
T o ta l T e m p e ra tu re  
P robe

R o s e m o u n t M o de l 
102E 2 A L

-70  to  + 5 0 ° C ± 0 .2 °C 1 sec

1-m  T u n g s te n  W ire N C A R -1 00  to  + 5 0 ° C ± 1 .0 °C 0.01 sec

M o is tu re  C o n te n t T h e rm o e le c tr ic  D ew - 
P o in t H y g ro m e te r

E G & G  M o d e l 137-C 3 -50  to  + 5 0 ° C ± 0 .5 °C  above 0 ° C t  
± 1 .0 °C  b e lo w  0 °C

3 °C /s e c t

M ic ro w a v e  R e fra c to m 
e te r (9 .3 9 -G H z band )

N a t io n a l B ureau o f  
S ta n d a rd s

0  to  100  N U n d e te rm in e d 0 .0 3 3  sec

Pressure A l t i tu d e V a ria b le  C ap a c ita nce  
P ressure T ra n sd u ce r

R o s e m o u n t M o de l 
1 3 0 1 -A

0  to  1 ,0 3 5  m b ±1 m b t 0 .0 2 5  s e c t

A irsp e e d V a ria b le  C apac itance  
Pressure T ra n sd u ce r

R o s e m o u n t M o de l 
1 301 -B

0 to  150  m /sec ± 0 .1 5  m /s e c t 0 .0 2 5  s e c t

M a g n e tic  H ead ing F lu x -G a te  G y ro  
C om pass

S p e rry  M o d e l N-1 0  to  3 6 0 ° ± 1 .0 °  t U n d e te rm in e d

G e o m e tr ic  A l t i tu d e R adar A lt im e te r R a y th e o n  M ode l 
A P N -2 2

0  to  3 ,0 4 8  m ± 5 % t U n d e te rm in e d

R ate  o f  Pressure 
C hange

V a r io m e te r B a ll ± 9 8 5  m U n d e te rm in e d 1 se c t

In fra re d  R a d ia tio n B o lo m e tr ic  R a d io m e te r 
(w ith  m ir ro r  system )

Barnes M o d e l P R T -6 -20  to  + 7 5 °C ± 1 .5 ° C t 0 .1 5 0  sec

D r i f t  A n g le  and 
G ro u n d  Speed

D o p p le r N a v ig a to r S ing e r-G P L  M o de l 
A P N -1 5 3

0  to  5 0 0  m /sec 
± 4 0 °

U n d e te rm in e d U n d e te rm in e d

A ir c r a f t  A t t i t u d e ,  
V e lo c i ty  V e c to r , 
and  P o s it io n

In e r t ia l N a v ig a tio n  
S ys te m

L it to n  M o de l L N -1 5 G See a r t ic le , "M e te o ro 
log ica l Uses o f 
In e r t ia l N a v ig a t io n "

R e la tive  A ir  M o tio n G u s t P robe  S ys te m  
( f ix e d  and  ro ta t in g  
vanes)

N C A R See a r t ic le , " A i r  Sensing 
P robes o n  th e  
B u f fa lo "

P h o to g ra p h y 1 6 -m m  T im e -L a p se  
C am era and  
In te rv a lo m e te r

G ia n n in i M o de l 11 l-B 0 to  100  fram es/sec

* A  standard  63 .2 %  tim e  c o n s ta n t is im p lie d  unless o th e rw is e  sp e c ifie d .
tM a n u fa c tu re r 's  sp e c ific a tio n s . These va lues m a y  va ry  co n s id e ra b ly  d e p e n d in g  on  a irc ra ft  in s ta lla t io n  c o n f ig u ra t io n  and f l ig h t  e nve lope .
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with instruments to measure air mo
tions, microphysical properties of cloud 
and precipitation particles, and various 
s ta te  parameters within or outside 
clouds.

A sailplane can remain within a small 
region of a cloud to observe the cloud’s 
development continuously, or it can 
move with an updraft to measure both 
the vertical air motion and the evolution 
of associated cloud parameters. The 
advantages of a sailplane for atmo
spheric research can be summarized as 
follows:

1. It can be used as a direct sensor of 
the structure of convection and its inter
action with larger scale circulations.

2. It allows the pilot to choose re
search flight patterns on the basis of 
real-time observations of atmospheric 
motions and other physical parameters.

3. It is an important aid for real-time 
decisions to improve the observations of 
visible or terrain-oriented atmospheric 
motion phenomena; the occupants have 
excellent visibility horizontally, upward, 
and at some downward angles during 
level flight, and at other downward 
angles during banking and turning.

4. It yields accuracies varying from

Wim Toutenhoofd did undergraduate and graduate work at Rijks University in Leiden, 
Holland; he obtained his Ph.D. degree from  the University o f  Melbourne, Australia, in 1968. 
He came to NCAR as a postdoctoral fellow  in the Advanced Study Program in 196 7, and in 

1968 he joined the cloud physics program in N C A R ’s Laboratory o f  Atmospheric Science.
From 1956 to 1960 he represented Holland in world soaring competitions in Europe. He 

holds a commercial pilot certificate and has the following ratings: airplane single engine land, 
instrument, and glider. Many o f  his scientific publications are based on research conducted

during sailplane flights.

J. Doyne Sartor obtained a B.A. degree from  the University o f  California, Los Angeles, in 
1947; an M.S. degree from  the California Institute o f  Technology in 1952; an S.M. degree from  

the Massachusetts Institute o f  Technology in 1953; and a Ph.D. degree from  Colorado State 
University in 19 70. He served as a weather officer in the U.S. A ir Force from  1942 to 1947 and 
from  1951 to 1953. He was a meteorologist with the U.S. Weather Bureau from  1947 to 1948 
and with the Naval Research Laboratory from  1948 to 1951. From 1953 to 1956 he was chief 

o f  the Weather Projects Section for the Air Force at Second Weather Wing Headquarters. He 
was with the Rand Corporation from  1956 to 1962. He joined N C A R ’s Laboratory o f  A tm o 
spheric Science in 196 7; he has been a program scientist and has served as head o f  the A tmo- 

spheric Physics Department. He has been chairman o f  the Cloud Physics Committee o f  the 
American Geophysical Union and a member o f  the Atmospheric Electricity Committee o f  

IUGG-IAMAP since 1971; beginning in 1972 he has served as an associate editor o f  the Journal 
of the Atmospheric Sciences and vice president o f  the Denver Branch o f  the American Meteoro

logical Society. He received the NCAR outstanding publication award in 1968.

The E xplorer  —

T h e  S a i l p l a n e  a s  
a n  A t m o s p h e r ic  P r o b e
J . Doyne Sartor and Wim Tootenhoofd

A sailplane is itself an excellent probe 
of the vertical component of atm o
spheric motions and particularly of 
convective-scale motions. It is designed 
to be highly efficient at exploiting 
thermals, up-slope flow, wave motion, 
sea breeze, and frontal uplift in order to 
stay aloft. A competition soaring pilot 
can fly more than 100 mi (160 km) over 
a prescribed course in one afternoon, 
can stay aloft more than 5 hr, and can 
climb (particularly over mountainous 
regions) to over 30,000 ft (10 km) by 
riding vertical wind components. The 
sailplane The Explorer, used at NCAR 
for cloud physics research, is equipped

34



0.2 m/sec with 1 - sec resolution to
0.02 m/sec with 5 - sec resolution for 
measurements of the vertical airspeed 
without use of inertial platforms and 
vanes. The equation of motion of the 
sailplane used to obtain the vertical 
component of air motion is much sim
pler than that for powered aircraft due 
to the absence of thrust and attitude 
change resulting from weight loss 
through fuel consumption.

5. It enables instantaneous observa
tions of cloud and precipitation par
ticles; the absence of engine noise allows 
the occupants to hear particles hitting 
the canopy.

6. It responds to vertical gusts over a 
horizontal distance one-fourth that to 
w hich sm all conventional airplanes 
respond.

7. It flies at slower speeds than most 
conventional aircraft and therefore 
allows (a) a smaller turning radius 
(about 200 m); (b) easier and more 
a c c u ra te  cloud measurements with 
higher spatial and temporal resolutions 
obtained with greater ease; and (c) 
“ informal” installation of hand-held 
special instruments such as devices to 
catch ice particles or collect cloud water 
for chemical analysis.

8. It does not contaminate the atmo
sphere  with exhaust products that 
modify the processes being observed.

9. Its instrumentation operates with
out electrical interference noise from an 
engine.

Cumulus and Wave Clouds

One mode of operation for a sailplane 
in a cumulus cloud, after release from 
the tow plane at a suitable altitude, is to 
fly into the updraft at the cloud base. 
The pilot maximizes his upward veloc
ity, centering on the core of the up
draft, and moves upward through the 
base of the cloud to make quasi- 
Lagrangian measurements of the cloud’s 
microphysical and atmospheric state 
parameters. The sinking rate of the sail
plane is usually small compared to the 
vertical velocities within developing 
cumuli.

In mountain wave clouds, like those

over the Rocky Mountains, droplets 
continuously form and grow on the 
upwind side and dissipate on the down
wind side. Largely because of their 
steady-state nature, these clouds are 
better than anything that we can pro
duce in the laboratory for integrated 
cloud microphysical experiments. Mea
surements have been made with the 
sailplane for several hours in these 
clouds at altitudes exceeding 33,000 ft 
(10 km). Towed into the wave or other 
sources of lift (usually far beneath the 
cloud base), the sailplane climbs to the 
upwind side of the cloud and enters, 
making continuous measurements of the 
air motion and the cloud’s microphysi
cal properties. The pilot can make his 
measurements with a great deal of flexi
bility by changing position and altitude, 
or by hovering, to vary the conditions 
of the experiment. Controlled experi
ments, including nucleation or other 
modification studies, can be performed 
by such maneuvers.

Recent Operations

From December 1970 to December
1971 we made 49 research flights with 
the Explorer and obtained unique cloud 
physics data on several flights. It was 
possible to fly the sailplane within the 
core of the updrafts in cumulus con- 
gestus clouds and to record data con
tinuously while being carried upward at

The Explorer is a Sehweizer 2 - 32 sail
plane owned by the National Oceanic 
and Atmospheric Administration, and 
instrumented and flown by NCAR. FM 
telemetry transmits scientific data to a 
mobile ground station. The airfoil above 
the canopy is part o f  the optical and 
lighting system fo r  a cloud particle 
camera.

speeds occasionally exceeding 30 ft/sec 
(10 m/sec).

The Explorer contributed 29 research 
or research-related flights to the 1972 
summer operations program of the 
N ationa l Hail Research Experiment 
(NHRE), flying from a base at Ft. Mor
gan, Colo. In-cloud data were obtained 
on 13 of the 17 days on which research 
fligh ts were conducted. Continuous 
measurements of vertical velocity, tem
perature, humidity, pressure altitude, 
and cloud droplet size distribution, as 
well as 35 - mm color photographs, were 
made during these flights. Supporting 
measurements of droplet and ice crystal 
concentrations and sizes were also made 
at intervals as frequent as 0.5 sec with a 
special particle camera (see instrumenta
tion table).

The most interesting data were ob
tained during vertical cloud penetrations 
in which the Explorer climbed at least 
2,000 ft (600 m) from cloud base. This 
occurred seven times and on three
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occasions graupel or hail was encoun
tered. One flight gave a complete set of 
data for 13,000 vertical ft (4,000 m) 
starting at cloud base and ending in the 
turbulent region near the top of a 
ra p id ly  d eve lop ing  cumulonimbus 
cloud.

An additional sailplane, equipped to 
measure the vertical electric field, also 
participated in NHRE, making both 
separate and coordinated flights with 
the Explorer. The NCAR Cloud Physics 
Program installed a time-lapse camera in 
the second plane (an LS - 1) to photo
graph the instrument panel and to re
cord information from which the ver
tical velocity of the air could be cal
culated. During the June 1972 NHRE 
operational period the LS - 1 made 14 
research flights, of which six were 
coordinated with the Explorer.

Seventy-four other flights were made 
during 1972; 12 were mountain wave 
flights of which seven resulted in the 
penetration and measurement of cloud 
interiors.

Comparison Platform

During two flights in the spring of
1972 the Explorer was used as a sensi
tive probe of the vertical component of 
air motion during a performance test of 
the NCAR dropsondes under conditions 
of a stable atmosphere. The vertical 
component of the air motion (mostly 
negative) compared favorably within the 
limits of resolution of the dropsondes. 
These flights open another important 
application of instrumented sailplanes 
— that of using their ability to seek out 
and explore updrafts to provide com
parison measurements for other types of 
vertical-motion sensing instruments. In 
particular, these include indirect probes 
such as doppler radar, aircraft used to

obtain the average vertical motion by 
obtaining the field of horizontal diver
gence, or other instrument platforms for 
the direct sensing (in a completely 
Eulerian sense) of convective elements.

For Further Reading

National Center for Atmospheric Re
search, 1970: The Explorer at NCAR. 
Fac. Atmos. R es., No. 1 5 ,2 -5 .

Sartor, J. D., 1972: Clouds and precipi
ta t io n . P h ysics  Today 25(10),
32 - 38.

----------- , in press: The electrification of
thunderstorms and the formation of 
p re c ip ita t io n . D ie Naturwissen- 
schaften. •

AVIONICS EQUIPMENT ABOARD THE EXPLORER

T w o  3 6 0 -C h a n n e l A ir c r a f t  T ransce ive rs

S ta n d a rd  4 0 9 6  C ode  T ra n s p o n d e r

D M E  (D is tan ce -M ea su ring  E q u ip m e n t)

V O R  (V H F  O m n iran g e ) R ece iver

T w o  V a r io m e te rs  (S e ns itive  R a te  o f  C lim b ) : 
O n e  w ith  a nd  one  w ith o u t  
to ta l  e n e rg y  c o m p e n s a tio n

D ire c t io n a l G y ro

A t t i t u d e  G y ro  ( A r t i f ic ia l  H o r iz o n )

T u rn  and  B a n k  In d ic a to r

A lt im e te r

A irs p e e d  In d ic a to r

M a gn e tic  C om pass

C lo c k  (8 -D a y )

Pressure D em a n d  O x y g e n  S ys te m

I N S T R U M E N T A T I O N  A B O A R D  T H E  EXPLORER  D U R I N G  T H E  S U M M E R  O F  1972

PARAMETER

S o lid  and  L iq u id  
C lo u d  P a rtic le s

S o lid  and  L iq u id  
C lo u d  P a rtic le s

L iq u id  C lo u d  P a rtic le s

A ir c r a f t  V e r t ic a l 
Speed

Pressure A l t i tu d e

T e m p e ra tu re

In d ic a te d  A irspe e d  

H u m id ity

INSTRUMENT TYPE

C lo u d  P a rtic le  C am era

E le c tro s ta tic
D is d ro m e te r

Im p a c to r  S lid e  G u n  

E le c tr ic  V a r io m e te r

A n e ro id  Pressure 
T ra n sd u ce r

D io d e  T h e rm o m e te r

A n e ro id  Pressure 
T ra n sd u ce r

L y m a n -A lp h a
H u m id io m e te r

M A N U F A C T U R E R  
A N D  M O D E L  N O .

N C A R  C lo u d  P hysics 
G ro u p

N C A R  C lo u d  P hys ics  
G ro u p

N C A R  C lo u d  P hysics 
G ro u p

B a ll M o d e l 101-B  

B a ll M o de l E X  210-B

N C A R  C lo u d  P hys ics  
G ro u p

B a ll M o d e l E X  210 -B

E le c tro m a g n e t ic  
Research C o rp . 
M o de l B L

R A N G E

F o r  c o n c e n tra tio n s  
> 1 .5  ( im  

F o r s iz in g  p a rt ic le s  
>8 nm*

4  to  19 in  1 ,5 -pm  
in te rv a ls * *

>2 Mm*

-40  to  + 4 0  m /sec 

1,010 to  1 2 0  m b

-75  to  + 3 0 ° C

0  to  6 7  m /sec 

-40  to  + 2 0 ° C d ew
p o in t

A C C U R A C Y

±20%

±10%

±15%

± 0 .4  m /sec 

+ 0 .5  m b

U n k n o w n

± 4  m /sec 

± 2 °C  d e w  p o in t

S A M P L E  V O L U M E  
A N D /O R

T IM E  R E S O L U T IO N

5.0  c m 3 fo r  10-jum 
d ro p le t ,  130  c m 3 
fo r  ice; p e r 'A sec

1.0 c m 3 p e r 'A sec

50  c m 3 , occas io n a l 
sam ple

< 0 .5  sec

< 1  sec (0 .5 -m b  pres
sure a lt itu d e  re s o lu 
t io n  o b ta in e d  b y  
in te g ra tin g  v e rtic a l 
speed f ro m  
v a r io m e te r)

T o  be d e te rm in e d  
a fte r  c o m p u te r iz e d  
ana lys is

< 0 .5  sec

<0.1 sec

‘ P a rtic le  sizes are g iven b y  rad ius . tA I I  d ro p le ts  w ith  ra d ii > 1 9  / im  are co u n te d  in one  ch an n e l.

36



M e t e o r o lo g ic a l  U s e s  
o f  I n e r t i a l  N a v ig a t io n

Neil D. Kelley

The increased availability of inertial 
navigation technology over the past 
several years has greatly improved 
meteorological aircraft instrumentation. 
The ability of inertial navigation sys
tems (INS) to provide the scientist with 
m easu rem en ts  o f  aircraft attitude 
angles, velocity, and position relative to 
the  earth with great precision and 
accuracy over periods of several hours 
has had a great impact on the study of 
atmospheric motions. At present, three 
of the five NCAR aircraft are equipped 
with INS. The inertial outputs, when 
combined with precise measurements of 
air motions relative to the aircraft and 
with an external altitude reference, are 
capable of resolving the components of 
the three-dimensional wind vector to 
within tens of centimeters per second 
(see article, “Air Sensing Probes on the 
Buffalo”).

The Inertial Navigator

The original impetus for the develop
ment of inertial navigation came from 
the desire to guide a vehicle from one 
point on the earth or in space to 
another without the need for external 
in p u ts . By being completely self- 
con ta ined , the inertial navigator is 
unaffected by various external dis
turbing influences such as electromag
netic interference. This attribute of 
self-containment is realized by sensing 
all motions of the aircraft with precision 
accelerometers that are isolated from 
the aircraft by precision gyroscopes. 
The outputs from these sensors are com
bined and operated on by a computer 
which solves the navigation equations 
and then sends signals to the gyros to 
keep the  accelerom eters properly

aligned to a local reference frame. The 
computer also presents the resultant 
navigational information on numerical 
displays and sends appropriate guidance 
signals to the autopilot.

Figure 1 illustrates the basic func
tional units of an inertial navigator. The 
inertial measurement unit (IMU) con
tains a platform on which a triad of 
accelerometers and gyros is mounted. 
This platform is supported on a series of 
gimbals with the outermost one at
tached to the airframe (see Fig. 2). With 
this configuration, any movement of the 
airframe relative to the accelerometer 
platform will be isolated by the rotation 
of the gimbals. These rotations are 
sensed  by sy n ch ro s or resolvers 
mounted on the rotational axes. Thus, 
the aircraft attitude angles (pitch, roll, 
and yaw) are measured by the angular 
deviation between the stable platform 
and the primary gimbal axes. This is one 
area in which NCAR has modified avail
able equipment to improve the accuracy 
of meteorologically significant variables. 
Standard synchros have been replaced 
with two-speed resolvers on all NCAR 
systems, thus improving the angular 
re so lu tio n  from  2 .2 4  arc-m in to 
40 arc-sec.

The a ircraft’s horizontal velocity 
components and position are derived by 
the respective integration and double 
integration of the outputs from the 
horizontal accelerometers mounted on 
the stable platform. In order to main
tain the inertial reference frame coin
cident with local earth coordinates,
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Fig. 1 Inertial Navigator Functional Diagram

Fig. 2 IMU Stable Platform

A C C E L E R O M E T E R S

these measurements are combined by 
the computer with the local earth rota
tion and curvature rates to form a feed
back control loop that keeps the plat
form in proper alignment. The calcula
tio n  of the vertical component of 
velocity , and subsequently altitude, 
requires the combining of the outputs 
of the vertical accelerometer with an 
external altitude reference such as a 
barometric altimeter in order to remove 
the drift inherent in the accelerometer. 
Here again, NCAR has installed vertical 
accelerometers in its systems which at 
least equal the performance and quality 
of the horizontal accelerometers.

NCAR Inertial Systems

The Buffalo measuring system, devel
oped under the direction of D. H. 
Lenschow  of NCAR and James W. 
Telford of the Desert Research Insti
tute, University of Nevada, utilizes a 
Litton model LN - 15G inertial naviga
tion system. This system is very similar 
to the Litton LTN - 51 systems installed 
aboard the Sabreliner and Electra. The 
LN - 15 is a military system and there
fore very rugged. The IMU and the com
puter are housed separately, the IMU in 
the base of the nose boom and the 
computer in the cabin. The LTN - 51 is 
an instrument designed for commercial 
applications and therefore built to
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operate in a somewhat less stringent 
environment. Both the IMU and com
puter are mounted within the same 
enclosure, called the inertial navigation 
unit (INU). The LTN - 51 computer is a
4 .0 0 0 -word general-purpose machine 
that executes a special NCAR program. 
The nonstandard features of this pro
gram include an external octal entry 
capability, modified data output rates, 
and external position update routines. 
The LN - 15 is equipped with an
8.000-word general-purpose computer 
which executes a program developed by 
Telford. This program, in addition to 
performing the standard navigational 
functions, receives inputs from the air
craft gust measuring system and pro
vides in-flight displays of such variables 
as altitude, vertical velocity, air tem
perature  and potential temperature, 
wind speed and true airspeed, as well as 
driving an X-Y position plotter and 
drawing wind vectors on the plot.

One major system difference between 
the L N -15  and L T N -51 is the basic 
orientation reference. The LN - 15 plat
form is physically oriented to true north 
at all times and therefore is called a 
“north-oriented” system. It has the dis
advantage of not being able to operate 
close to the earth’s geographic poles 
because of the large azimuthal torquing 
rates required to keep the platform 
properly aligned to the north. This 
p ro b lem  has been  solved in the 
LTN - 51 by not torquing the platform 
in azimuth after alignment or initializa
tion. The azimuth offset angle will 
change during flight as a function of 
longitude and therefore is referred to as 
a “wander azimuth” or “wander angle” 
sy s tem . For proper operation, the 
computer takes into account the wander 
angle in all navigation and platform ser
vice computations. At the poles the 
wander angle will be large due to the 
convergence of the longitudinal meri
d ian s. M eteoro log ica lly  significant 
parameters for both the LN -15 and the 
LT N -51 are:

•  Average horizontal velocity error 
o f ~  1 m/sec

•  Average vertical velocity error of 
~  10 cm/sec

•  Aircraft attitude angle errors of 
~  1 arc-min

The manufacturer’s component error 
propagation (CEP) analysis has shown 
the radial position error to be within
1.36 n mi (2.5 km) at the end of the 
first hour of flight 50% of the time.

Meteorological Applications

The primary application of inertial 
systems has been in the measurement of 
air motions. The three-dimensional wind 
vector in local earth coordinates is 
determined by the vector sum of the 
aircraft velocity and the air velocity, 
rotated by means of the aircraft attitude 
angles to the local earth coordinate 
system. The precise positioning capabil
ities available with inertial systems are 
also of paramount importance since all 
atmospheric variables are in reality func
tions of time and space. Thus, any vari
able measured by an aircraft platform 
must be referenced to the proper space 
c o o r d i n a t e s  f o r  a n a ly s is  an d  
interpretation.

The LN - 15 and LTN - 51 systems 
have been used for a variety of field 
programs, including:

•  Measurements of mountain lee 
wave structure

•  Structure of turbulence in stable 
layers detected by radar

•  Measurements of the modification 
of a cold air mass crossing the 
Great Lakes region during the 
winter

•  Determining the flow field and 
fluxes of mass and water vapor 
into a Great Plains thunderstorm

•  Determining the characteristics of 
convective structures and energy 
exchanges in the unstable plane
tary boundary layer

From these examples, it can be seen 
that inertial navigation systems are use
ful for measurements over a broad spec
trum of scales in the atmosphere, from 
turbulence of less than 1 - m wavelength 
to mesoscale phenomena greater than 
100 km.
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P r o b e s

D. H. Lenschow, 
Laboratory o f  

A tmospheric 
Science

The most distinctive external feature 
of NCAR’s Buffalo aircraft is the 4 - m 
nose boom which allows measurement 
of horizontal and vertical winds ahead 
of the fuselage where there are minimal 
upstream disturbances from the airflow 
over the aircraft surface.

The boom is constructed mainly of 
fiber-g lass-lam inated  polyester and 
tapers from a diameter of 1 m at its base 
to 16 cm at its tip. A 10 - cm-diameter 
steel tube is suspended inside the outer 
boom and projects an additional 30 cm 
beyond the forward end. Mounted at 
the tip of the inner boom is a set of 
vanes for sensing the incidence angles of 
the  airflow, a pitot-static tube for 
measuring airspeed, and a thermometer; 
the other end of the inner boom is 
rigidly connected to an inertial plat
form. The entire air-sensing assembly is 
separated from the outer boom by 
shock and vibration isolators and is thus 
protected against high-frequency air
craft vibrations.

To measure the free-air velocity from 
an aircraft we must subtract the velocity 
of the aircraft with respect to the 
ground from the velocity of the air with 
respect to the aircraft. Thus, two sets of 
measurements are necessary: (1) the 
speed and direction of flight and the 
angular orientation of the aircraft with 
respect to the ground; (2) the speed and 
direction of the airflow with respect to 
the aircraft.

Donald H. Lenschow attended the 
University o f  Wisconsin from  1960 to 
1966, earning a B.S. degree in electri
cal engineering and M.S. and Ph.D. 
degrees in meteorology. He is a mem
ber o f  Sigma Xi, Tau Beta Pi, and Eta 
Kappa Nu (honorary), and o f  the 
AAAS, the AMS, and the AIEEE; he 
is the author o f  many scientific publi
cations. From 1960 to 1965 he 
served as project assistant and later 
research associate at the U.S. Arm y  
Electronics Proving Ground (under 
contract, title: Studies o f  three- 
dimensional structure o f  the atmo
spheric boundary layer). He has been 
at NCAR since 1965 and is a senior 
scientist with the Turbulent Inter
actions Group o f  the Atmospheric 
Dynamics Department in the Labora
tory o f  Atmospheric Science. He is 
shown in the photograph inspecting 
the Buffa lo’s air sensing probes.
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Measuring Air Velocity

Accurate airspeed measurements are 
complicated by the acceleration of the 
air as it flows around the surface of the 
aircraft. For this reason a second pitot- 
static tube has been mounted about 2 m 
forward of one of the Buffalo’s wing 
tips, where the upstream influence of 
the aircraft is less than in front of the 
nose boom. Unlike the nose-boom 
probe, which is fixed, the wing-tip 
probe is attached to a circular stabilizing 
vane that aligns itself in the direction of 
the airstream. Constant alignment pre
vents error in the output of the pitot- 
static tube which is sensitive to the 
direction of the airstream. The error in 
the  wing-tip static-pressure measure
ments was determined by flying the 
aircraft past a precision pressure altim
eter mounted in a tower. Flights were 
made at speeds of 59, 82, and 96 m/sec 
(the normal speed range of the aircraft), 
and at the same altitude as the altim
eter. The error in static pressure was 
found to be about 5% of the dynamic 
p re ssu re . At the aircraft’s normal 
cruising speed this amounts to a pres
sure increase of about 1.5 mb. The error 
in the nose-boom pitot-static pressure is 
about 12% greater than the uncorrected 
value at the wing tip.

The static and dynamic pressure 
transducers are located in the cabin and 
are connected to the wing-tip pitot- 
static tube through pressure lines. This 
allow s us to  use more accurate, 
temperature-controlled pressure trans
ducers that are too large to fit within 
the wing tip. The transducers are thus 
not subjected to the high accelerations 
and temperature fluctuations at the 
wing tip, although the long pressure 
lines increase the time constant of the 
pressure measurements. The wing-tip 
location is not satisfactory for measure
ments of rapid fluctuations in air veloc
ity or temperature because of its wide 
lateral separation from the nose boom, 
where the airplane velocity and attitude 
angles are measured. Fluctuations in 
wind speed are therefore measured by 
the sensors on the nose-boom tip.

The sensors mounted on the nose

boom have been described previously
[1]. However, K. Danninger, P. Bene
dict, and I recently have developed a 
new set o f sensors to eliminate some of 
the problems of the previous ones.

Two types of vane are used to mea
sure the incidence angles of the air. One 
type is free to align itself with the air
stream and the angle is obtained directly 
from the output of an angle transducer. 
The other type is constrained from 
rotating, and the angle is obtained by 
measuring the force exerted on the vane 
by the airstream, dividing this force by 
the dynamic pressure, and multiplying 
by a constant [ 2 | . The main advantages 
of the free vane are that it measures the 
airstream angle directly and, because it 
is mass-balanced, it is not sensitive to 
a c c e le ra tio n . Its disadvantages are 
bearing friction and a somewhat slower 
response than that of the constrained 
vane.

One problem with the constrained 
vane is the inherent lack of damping in 
the supporting beam. The result is that 
at frequencies close to the natural fre
quency of the vane (about 170 Hz) the 
output signal can be many times larger 
than the input forcing function. This 
problem was solved by attaching two 
flat plates, each with an area of about 
2 cm2 and separated by 0.04 cm, to the 
vane and the vane mount respectively, 
so that the mutual displacement of the 
plates is the same as the vane displace
ment. The gap between the plates is 
filled with a viscous silicone fluid to 
provide a force that very nearly criti
cally damps the vane, and thus allows 
higher frequency data to be used.

Another problem with the original set 
of constrained vanes was their sensitiv
ity to acceleration. They were not 
mass-balanced and were thus limited in 
their high-frequency measuring capabil
ity. At frequencies higher than about 
30 Hz the vanes vibrated independently 
from an accelerometer mounted in the 
probe.

In the new set of constrained vanes 
the mass is counterbalanced by means 
of a lever arm through a flexural pivot 
(essentially a rotational spring) to a 
counterweight on the other side of the

pivot. A flexural pivot has negligible 
friction and requires no lubrication. 
Both the old and the new vanes are 
constrained from rotating by a slotted 
a lum inum  beam with strain gages 
mounted on each of the four corners. A 
downward force against the vane causes 
the top rear and bottom front strain 
gages to lengthen as the other two con
tract. The strain-gage resistance changes 
are sensed by a Wheatstone bridge cir
cuit. The wedge angle of the original 
vane was 5.6° but has been increased to
11.4° in the newer vane. This has 
broadened the range of airstream angles 
to which it responds linearly from about 
±7.5° to greater than ±10°. The higher 
range is well within the maximum in
cidence angles that the airplane is likely 
to encounter.

The airspeed measurement from the 
pitot-static tube on the original nose- 
boom probe is sensitive to the incidence 
angle of the airflow. Wind-tunnel tests 
have shown that for changes in in
cidence angles of 4° the measured air
speed can change by as much as 2%. 
Based on these wind-tunnel results, the 
nose-boom pitot-static output is cor
rected for the incidence angles measured 
by the vanes.

A preferable approach would be to 
use a pitot-static tube that is less sensi
tive to the incidence angle of the airflow 
and that requires no corrections. One 
method, of course, is to use a probe like 
that on the wing-tip boom, which aligns 
itself to the airstream. But the need for 
flexible hoses and couplings between 
the tube and the nose boom, as well as a 
stabilizing vane, all make the sensor 
more fragile and unwieldly. Instead, a 
design for a fixed pitot-static tube was 
found that minimizes incidence angle 
sensitivity [3]. This tube, shown in the 
photograph, was built and tested in a 
wind tunnel; its sensitivity to incidence 
angles is less than 1% for angles less than 
±4°.

At present, the accuracy of the air 
velocity measurements is limited by the 
accuracy to which the upstream effect 
of the flow field around the aircraft is 
known. This amounts to an error of less 
than 1 m/sec in determining the mean
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horizontal air velocity. This is smaller 
than the errors contributed by the in
c idence  angle measurements. Con
sidering only errors in the measurement 
of air velocity fluctuations, the accuracy 
is about 0.1 m/sec and is determined by 
the accuracy of the pressure measure
ments and incidence angle transducers.

Air Temperature

Air temperature is measured with two 
different resistance-wire thermometers. 
One, constructed at NCAR by Dan- 
ninger, consists of a 1 - m length of 
tungsten wire 0.0025 cm in diameter 
mounted directly in the airstream or in 
the wake of a streamlined center body, 
w hich reduces the probability of 
damage caused by insects, dirt, or icing. 
The deflection of air around the center 
body slows the airspeed near the wire to 
about 27% of the free-stream true air
speed. The resistance wire is supported 
by m onofilam ent nylon spaced at 
2 .5  - cm intervals to minimize the 
effects of heat conduction to the sup
ports on the sensor’s time constant. The

time constant is less than 0.01 sec at the 
cruising speed of the aircraft. The major 
error for this sensor is the uncertainty in 
determining the increase in measured 
temperature caused by the slowing of 
the air close to the wire. A Rosemount 
temperature probe is also carried on the 
Buffalo; it avoids the inaccuracies of 
determining a recovery factor and the 
risk of damage to an unprotected wire. 
The Rosemount probe has greater ac
curacy (±0.2C°) and ruggedness, and is 
used as an absolute thermometer; the 
NCAR probe has a faster response time 
and is used to measure temperature 
fluctuations.

The Rosemount sensing element is a 
platinum resistance wire 0.0025 cm in 
diameter and 27 cm in length. Since the 
spacing between the supports is only
0.36 cm, heat conduction to the sup
ports significantly increases the time 
response. The sensing element is pro
tected from airstream particles by a 90° 
bend in the housing. Particles are as
sumed to go straight through, while part 
of the air turns the corner and passes 
the resistance wire at a greatly reduced

velocity. The probe is carefully designed 
to measure the temperature of the air
stream reduced to zero velocity with no 
heat loss. At 80 m/sec, the normal 
cruising speed of the aircraft, this 
amounts to a temperature increase of 
3.2C°.
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A i r b o r n e  I n f r a r e d  
I m a g i n g  S y s t e m

Introduction

The Texas Instruments Co. model 
R S -310  is a passive infrared line scan
ner which provides a fast and effective 
means for detecting energy in the 0.3 - 
to 14 .0-^m  portion of the infrared 
spectrum. When airborne, the instru
ment can view large areas of the under
lying terrain with excellent spectral 
resolution and thermal sensitivity within 
the  se lec ted  band. The complete 
R S -310  system consists of a control 
panel, the scanner with film magazine, 
and a power supply (Fig. 1). The veloc
ity and height controls are monitored 
during each mapping flight to provide 
contiguous line imagery while the video 
cu rren t to the light-emitting diode 
(LED) is displayed on an oscilloscope so 
that the operator can maintain the de
sired image contrast. The instrument is 
roll-stabilized to ±10° and includes a 
provision for boresighting in order to 
restabilize the scanner quickly after a 
roll maneuver in excess of ±10°. The 
scanner main frame includes the film 
magazine, which clamps to the film 
platen containing a set of microscope 
optics and the LED light source. A 
liquid nitrogen Dewar contains the 
mercury-cadmium-telluride detector and 
the detector high-vacuum ion pump. 
The pump is mounted on the scanning 
optics enclosure and the detector pre
amplifier is located on the right-hand 
side of the scanner frame.

The installation in an aircraft requires 
the base of the scanning optics enclo
sure to be mounted as close to the air
craft skin as practical for unobstructed 
scans, and an aperture measuring 9 X 
45 cm (3.5 X 18.0 in.) must be cut. The 
scanner is presently installed in the 
RAF’s Beechcraft Queen Air N304D. 
System specifications are shown in the 
accompanying table.

Edward N . Brown and 
Frank L. Scarpace
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Fig. 1 Components o f  the Texas 
Instruments Co. R S  - 310 infrared 
line scanner.

INFRARED SCANNER SPECIFICATIONS

Operating Temperature 0-38°C

| A ltitude  Lim itations 0-3,000 m

Scan Angle 90° (45° from  nadir)

Noise Equivalent Temperature (NET) 
8-14

1 -mrad Detector 0.15°C
5-mrad Detector 0.04°C

Scan Rate 3,000 RPM (200 scans/sec!

Detectors Mercury-cadmium-telluride (two)

Detector Cooling LN 2 Dewar, 6 hr hold time

F ilm  Recording 70 mm, Kodak 2479

FM Video Bandwidth 
1 - mrad Detector 315 kHz

Spatial Resolution 
1 - mrad Detector 0.3 m /300 m above target level

Roll S tab ility ±10°

General Operation

The R S -310  system scans the earth 
along a line perpendicular to the air
c r a f t ’s f lig h t path, resulting in a 
downward-looking panoramic photo
graph of the traversed terrain (Fig. 2). 
The system is passive in that it detects 
the inherent infrared energy radiated 
from the ground. The energy is col
lected by the optical system, which in 
turn directs it onto an infrared detector. 
The liquid nitrogen cryostat maintains 
the detector at a temperature near 
11° K (— 190°C) to ensure good detec
tor sensitivity with a high signal-to-noise 
ratio. The detector converts the in
coming radiation into suitable electrical 
signals which are processed by video 
e le c tro n ic s  and converted to light 
energy by an LED to allow photo
graphic recording. A video bandwidth of 
315 kHz is required to take full advan
tage of the high spatial resolution detec
tor. The photographic film is moved at a 
rate proportional to the aircraft veloc
ity /heigh t ratio, thus insuring con
tiguous scan lines. The video signal is 
also available for magnetic tape FM 
recording.
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Fig. 2 Infrared energy radiated from  a series 
o f  narrow strips perpendicular to the 
aircraft flight path is recorded by the scanner.

The incoming radiation is directed 
through a split-image scanning optical 
system (Texas Instruments Co. patent) 
where a four-sided rotating scan mirror 
reflects the incident radiation received 
from the ground, directing it along two 
paths as it travels upward through the 
scanner’s fixed optics (Fig. 3). The 
energy then is recombined and focused 
onto the detector. The proportioning 
and positioning of the optical elements 
maintain a constant level of incident 
radiation on the detector throughout 
each scan. Very efficient scanning is 
obtained because of the high ratio of 
video on/off time and because of the 
fo u r-s id ed  mirror’s four 90° scans 
during each revolution.

Data Presentation

The data, recorded on either 70 - mm 
film or FM tape, may be handled and 
reduced by various procedures. The 
method applicable to any given experi
ment would be largely determined by 
the data quantity and the analysis de
sired. Three techniques are currently 
available to the experimenter.

The most basic method is to translate 
the recorded film densities with a den
sitometer and a gray scale into radio- 
metric temperatures. The film gray scale

is obtained directly from the system 
while it is operating in the data acquisi
tion mode. In this mode, a series of 
infrared calibration sources are also 
scanned during instrument preflight so 
that they can be related to the film 
optical density in terms of the gray 
scale. This provides a relative tempera
ture in terms of film density. If ground- 
truth measurements have been made 
concurrently, the relative temperature

then can be converted to actual ground 
temperatures. This reduction procedure 
will of course become time-consuming 
even with small amounts of data.

The second method for processing 
the film is to apply image enhancement. 
This technique effectively expands the 
gray scale by substituting colors for the 
various shades of gray. Film enhance
ment is both restorative and exaggera
tive. Restorative enhancement generally

Fig. 3 Incoming radiation is reflected along two paths by the four-sided scan 
mirror. Energy at the detector remains nearly constant throughout each scan.
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Fig. 4 Scanner image o f  a nuclear 
power plant thermal plume, using the 

5 - mrad detector, 15 Sept. 1971; 
aircraft height is 480 m.

improves the overall appearance of the 
image, while exaggerative enhancement 
usually makes the subtle shadings more 
obvious. With either method, one must 
actually examine the imagery to recover 
the desired information.

The video FM tape recording tech
nique is the third and most appropriate 
method for large data acquisition pro
grams and/or programs where computer 
capability is necessary for data handling.

Applications

There is little doubt that synoptic 
measurements of the surface tempera
tures over water and land can be valu
able to many scientific investigations. 
The thermal scanner is well suited for 
mapping the radiometric surface tem
perature. The University of Wisconsin’s 
Marine Studies Center Remote Sensing 
Group has been involved in testing, 
evaluating, and using our R S -310  in 
field experiments to measure various 
phenomena. These studies fall into six 
broad categories: (1) the study of ther
mal plumes from power plants beside 
Lake Michigan; (2) the detection of 
coastal upwelling and near-shore circula
tion in Lake Superior and Lake Michi
gan; (3) the study of the mixing zones 
of hot effluents into several rivers in 
Wisconsin; (4) the location of hydro- 
logical source areas in a watershed; (5) 
the  assessment of the potential of 
mapping algal blooms in small lakes; and
(6 ) th e rm a l im agery  in land-use 
planning.

Complete and precise measurements 
of a thermal plume are obtained only 
with a very large effort. Specifically, we

have concentrated on the surface veloc
ity and temperature structure, and on 
temperature variations over depth and 
time at fixed points in the plume. 
During a typical field experiment, the 
NCAR Queen Air with the R S-310 
flew from 3 to 12 passes at about 480 m 
above the plume at 5 - min intervals. 
Surface temperatures were recorded 
with a Barnes precision radiation ther
mometer (PRT - 5) mounted in a boat 
while signals from thermistors fastened 
at varying depths along a pole sub
merged in the plume were recorded on 
shore.

The thermal resolution of the scanner 
was ±0.05°C for the 5 - mrad detector 
and ±0.3°C for the 1 - mrad detector.

This was determined by measuring the 
amplitude of the “white noise” super
imposed on the signal.

Portions of the film were densitized 
into 256 discrete levels with an Op
tronics International, Inc., densitom
eter. The resulting data were compared 
with corresponding data from the boat- 
mounted Barnes PRT - 5. The relative 
temperature accuracies were compared 
and even in the worst case were found 
to be within ±0.25°C. In the best case, 
the scanner temperature could not be 
distinguished from that measured with 
the PRT - 5.

About one-fourth of the more than 
100 plumes we have observed show a 
series of concentric thermal fronts

Surface Ve loc ity  
S tru c tu re  A ssocia ted 
w ith  Therm al Fronts

D istance
3 0 0  f t

V e lo c ity
6 0  f t /m in

©

Fig. 5 Velocity structure schematic o f  the thermal plume. This analysis is based 
on tracings o f  successive thermal fronts from  projections o f  the thermal imagery.
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traveling radially outward from the out
fa ll. The clearest example of this 
phenomenon occurred on 15 Sept. 1971 
(Fig. 4). The motion of the fronts can 
be traced on successive thermal images, 
and the velocity distribution determined 
(Fig. 5). These velocities then can be 
compared to water velocities as deter
m ined  by ae ria l photogrammetric 
techniques.

Other than the obvious temperature 
contouring, another contouring param
eter was found to be useful in analyzing 
thermal plumes. A more representative 
picture of the plume emerges when hori
zontal temperature gradients are com
puted and contoured. In the normal 
contour of the temperature distribution, 
the thermal fronts in the plume are not 
at all evident. Figure 6 shows the con
to u rin g  of the absolute horizontal 
gradient field. In this analysis a front 
and upwind edge are clearly evident.

As temperature gradients are biologi
cally important, a measure of the plume 
surface area covered by absolute hori
zontal gradients of various strengths is 
o f interest. We have calculated histo
grams of these areas and have compared 
these numbers to the areas predicted by 
mathematical plume models. On days 
when the thermal fronts dominate the 
plume structure, significant differences 
between the calculated and measured 
areas occur.

The emphasis in these studies has 
been on acquisition of accurate tem
p e ra tu re  d a ta . The boat-mounted 
PRT - 5 data can serve to check the 
accuracy and noise level of the thermal 
scanner. Figure 7 shows a densitized 
version of a portion of Fig. 6. The boat 
wake is shown as a solid line where the 
boat passed less than 5 min before the 
scan. The densitized surface tempera
tures have been assigned values, 0, 1 ,2 ,
. . ., 8, 0, A, B ,. . ., Y, Z, corresponding 
to increasing equal temperature dif
ferences over the range from 16.3 to 
18.0°C; higher temperatures are de
noted by a dot. The scanner’s apparent 
temperature variation in the ambient 
water is about one unit, or 0.05°C. The 
ag reem en t w ith  the corresponding 
PRT - 5 trace instills confidence in the

C 0N T 0U R  0 F  G R f lO IE N T  IN  D E G R E ES  PER  F 0 0 T  T IM E S  20

X R X 1 s

Fig. 6 Isolines o f  an absolute surface-temperature gradient showing the 
sharp upwind edge and a weak thermal front, 16 Sept. 1971.
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D IS TAN C E  ALO NG  
B O A T PATH

Fig. 7 A comparison o f  the boat-mounted P R T  -5  data 
(lower right) and digitized thermal scanner data,
16 Sept. 1971. The boat path is the solid line.



Fig. 8 Thermal imagery o f  the 
plume from  a nuclear power plant 

and near coastal zone on three suc
cessive days: 15 -1 7  Sept. 1971. 

Flying height is 1,500 m. Wkm-

densitized data. A more detailed ac
count of the data analysis and results 
can be found elsewhere [1 ,2 ] .

In our other projects the data analy
ses have been less quantitative. In the 
coastal upwelling experiments [3], cor
relations between the area of the cold 
water and bottom topography, wind, 
and wave conditions have been made. 
Figure 8 is an example of some of the 
imagery from this experiment. In the 
rivers of Wisconsin the effort has been 
directed toward detecting [4] and con
touring [5] the hot water plumes 
emerging into the rivers.

In the hydrologic studies the thermal 
imagery has located areas in a watershed 
that are active in discharging storm run
off [6], and the algal study program has 
emphasized detection and mapping of 
algal blooms [7]. The land-use planning 
project was directed toward delineating 
soil types [8 ,9] and implemented as an 
aid toward quantifying impact levels in 
a watershed [10].

Similar techniques have been ex
tended to other areas of interest. It is 
hoped that this description of these 
techniques will aid other investigators 
on other NCAR-supported missions.
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A  F lo w m e t e r  
to  M e a s u r e  C l o u d  L i q u i d  

C o n t e n t

Cloud physics research requires a 
d ep en d ab le  instrument to measure 
liquid water content within clouds. 
Such a device has been designed by the 
RAF for use aboard its aircraft [1 ]. The 
instrument, called an optical flowmeter, 
is relatively small and easy to install. It 
can quickly measure large or small quan
tities of water (tenths of milliliters per 
second), and its calibration is simple and 
reproducible. At present its use is 
limited to warm clouds and showers 
because a method for deicing is lacking.

Construction and Operation

The flowmeter’s design is based on a 
modification of a rotating bowl instru
ment constructed earlier by the author 
for producing uniform drops from bulk 
w a te r [2]. This rotary device can 
quickly direct and control the flow of 
small quantities of water. The modifica
tion for cloud liquid water measure
m en ts  includes the insertion of a
0.20 - mm silvered wire in the water exit 
hole and the addition of a photodiode 
reflective scanner.

The rotating bowl projects into the 
airstream from a nose-boom mounting. 
When cloud water or precipitation is 
present, the bowl’s centrifugal force 
(3,600 rpm) accelerates the collected 
water, forcing it through the small 
(0.75 - mm) exit hole and along the 
silvered wire. The combination of cen
trifugal force, wire-water surface ten
sion, and aerodynamic drag causes a 
web of water to form along the wire.

Edward N. Brown

Optical flowmeter installed at end o f  aircraft instrument boom. Bowl opening 
diameter is 5.08 cm; the instrument’s overall length is approximately 18 cm.

wire.Strobe photograph shows web o f  water extending from  silvered
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Vertical cross section o f  the flowmeter. A light source produces a cone of 
illumination through which the wire 
must pass with each revolution of the 
bowl. Light reflected from the wire 
activates a photodiode, and when a web 
of water is present on the wire the 
photodiode’s output pulse lasts longer 
than when the wire is dry. The web of 
water is illuminated “internally” by 
light scattered from the wire during its 
traverse of the cone-shaped light beam. 
The diode, light source, and associated 
optics are positioned to scan the maxi
mum water-web dimension. Calibration 
procedures relate the width of the water 
web to cloud water content. The “dry 
revolution” provides a reference pulse 
whose length is set arbitrarily by varying 
the photodiode bias.

The photodiode rise time of about 
2 psec  corresponds to an error of

0 .0 2 4  mm in measuring the web’s 
width; at the web’s maximum width of 
approximately 1.2 mm the error is 2%. 
This error and the diode fall time can be 
ignored since they represent a constant 
time offset which merely delays the 
pulse in real time.

The output pulse from the photo
diode is processed and used to gate the 
signal from a 1 0 -mHz oscillator. The 
oscillator’s output is applied to digital 
counting circuitry and to decoders for 
real-time display and is also converted 
into analog form for recording.

Calibration and 
Measurement Analysis

The calibration procedure consists of 
precisely metering bulk water into the 
spinning bowl at various flow rates. The 
resulting plotted points represent the 
data averaged over a 10 - to 20 - sec 
interval. Averages are taken because 
output deviations of ±15% are detected 
by th e  photodiode’s high response 
sp eed ; th e  deviations result from 
changes in the web’s width and from 
minute flow irregularities along the wire 
between successive bowl revolutions.

The calibration is valid for water flow 
rates from 0 to 0.7 cm3/sec. At a flow 
of 0.7 cm3 /sec the output corresponds 
to a liquid water content of approxi
mately 4.5 g/m3 at a true airspeed of 
280 km/hr. Calibration accuracy is diffi
cult to determine because there is no 
true standard and because of small ir
regularities in the water flow.

Measurements of the instrument's 
overall precision were made using re
flecting metal foil to simulate the water 
web. The percentage error with this 
method was less than 1% full scale; 
however, this measurement is a better 
indication of the instrument’s repeat
ability than of its accuracy.

The empirical collection efficiency of 
the instrument has not been determined 
because apparatus for generating large 
quantities of uniform drops with radii 
smaller than 50 /j.m is not available. For 
a given drop size, the efficiency is de
fined as the ratio of the number of 
drops ingested into the spinning bowl 
per unit time and area versus the average
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density of drops in the free stream. A 
com puted collection efficiency con
sidered valid for this instrument was 
determined by the method of Langmuir 
and Blodgett [3]. For droplets having 
radii larger than 50 mm, the calculated 
efficiencies approach unity asymptoti
cally. Flight test comparisons with the 
Johnson-Williams hot-wire device indi
ca te  th a t  th e  greatest differences 
between corresponding measurements 
actually occur during rain showers. The 
spinning bowl is more responsive to 
large drops and thus gives a better mea
sure of the total liquid water content.

Limits and Uses

The flowmeter’s major limitations are 
its apparent low collection efficiency 
for small drops and its restriction to 
warm clouds and showers. The data 
indicate that in cumulus clouds a water 
content as great as 2.5 g/m3 can be 
measured.

The instrument would be useful for 
studying the water budget of precipi
tating warm clouds or the region below 
the cloud bases of colder clouds. In
creasing the number of exit holes from 
the spinning bowl would allow measure
ment of the larger tropical cloud sys
tems where the water content may 
exceed 5 g/m3. The instrument’s sensi
tivity to large drops also indicates its 
possible use in laboratory or wind- 
tunnel testing of water ingestion by 
aircraft engines.
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(a) Results o f  flowmeter test showing data from  clear-air showers. Letters 
are subjective estimates o f  shower intensity; L = light, M  = moderate, 
and H  = heavy.
(b) Data recorded from  cumulus cloud with top at 6,000 m and with rain 
on the aircraft exit side.
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C i r r u s - C o n t r a i l  
C l o u d  S p e c t r a  S t u d i e s  

w it h  t h e  S a b r e l i n e r
Robert G. Knollenberg

The majority of cloud forms that 
interest cloud physicists occur at alti
tudes that are accessible to a variety 
o f  aircraft. The primary exceptions 
are natural cirriform clouds and con
trail cirrus. Because of the high alti
tudes and accompanying cold tem
peratures, cirriform clouds are com
posed almost entirely of ice crystals. 
The in itia lly  rapid growth of ice 
crystals at or near water saturation 
quickly transforms the fluffy cirrus 
heads into precipitating masses of ice 
crystals with the subsequent develop
ment of snow trails or virga. The 
virga is common to both natural and 
contrail cirrus when the environment 
is warmer than ice saturation tempera
tures. Evaporation in the precipitating

snow trails limits their vertical extent 
to a few thousand feet in most cases, 
a lthough  trails have been observed 
extending from 9,000 m (30,000 ft) 
to the ground.

Most of us simply observe these 
wispy cloud forms without knowing 
their possible importance. Yet cirrus 
are the primary mechanism for mois
ture exchange at subtropopause levels 
and provide a final link in the hydro- 
log ica l c y c le . P re c ip ita tio n  rates 
reaching a few millimeters per hour 
are not uncommon in cirrus trails, 
and cirrus are observed on a day-to- 
day basis more than any other cloud 
form. In fact, “invisible” cirrus have 
been clearly identified from measure
ments made by balloon-borne infrared

radiometeric instruments and detected 
by p a rtic le -s ize  spectrometers and 
replicators, as well as by other direct- 
sampling techniques. The effects of 
cirriform clouds on the earth’s heat 
b u d g e t  have also been  c lea rly  
established.

It is not nearly so certain, however, 
what role cirrus clouds play as ice 
c ry s ta l so u rces  for seeding lower 
c lo u d  fo rm s. Undoubtedly, nearly 
every major storm system draws from 
this overhead store of precipitation 
embryos as part of its ice mechanism 
for developing rain and snow. Obser
vations of cirrus trails glaciating lower 
cloud forms may be cited as indica
tors of cirrus involvement. Increasing 
air traffic at cirrus altitudes has led 
to more widespread cirrus occurrence 
and an increase in subtropopause ice 
crystal populations. One has only to 
look at an approaching winter storm 
system to see the extending fingers of 
growing contrail filaments, sometimes 
a hundred or more miles downwind 
of the otherwise natural cirrus shield 
capping such storms.

To the cloud physicist the most 
useful information about these clouds 
involves the concentration and sizes 
of the ice crystals of which they are 
co m p rised . Since th e  advent of 
optical-array spectrometers such mea
su re m e n ts  have b ecom e routine. 
Im provem en ts in the spectrometer
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system over the last few years have 
prepared it to withstand the severe 
conditions of the NCAR Sabreliner’s 
flight environment.

The Optical-Array Spectrometer

Two f lig h t programs have been 
conducted during the last year with 
th e  S ab re lin e r equipped with an 
optical-array spectrometer. In the first 
program (September 1971) an instru
ment was used with 14 size channels 
to accommodate a particle size range of
75 -2,175 /im. In the second program 
(A p ril 1 972) th e  instrument was 
m odified to extend the size range 
down to 20 pm.

The sp e c tro m e te r  is shown in 
Fig. 1. It has a photodiode optical 
array and is a prototype of a NASA 
system being designed for a future 
Venus entry probe. A 1 - mW He-Ne 
laser illuminates the crystals, which 
then are imaged with a single objec
tive lens that provides 1.33X magnifi
cation. The photodiodes are masked on 
200 - jum centers to give 150-,um 
resolution. The system has ^ p h o t o 
diodes resulting in 14 size channels 
rang ing  from  75 to 2 ,1 7 5 /um in 
150-jum size intervals. Coupled with 
the external probe is a memory and 
CRT that provide real-time display of 
the measured particle size distribution. 
In addition, the ARIS records size dis
tributions on magnetic tape eight times 
a second. The spectrometer can operate 
in contrails and natural cirrus at alti
tudes over 46,000 ft (14,000 m) and at 
temperatures below -70°C. It has been 
mounted on top of the Sabreliner fuse
lage behind the pilot’s canopy (see 
Fig. 1) and while this location is not 
ideal for finding cloud droplets, it is 
qu ite  satisfactory for detecting the 
larger crystals encountered in these 
studies.

Ice crystal distributions measured by 
the spectrometer must be corrected for 
particle orientation. At cirrus altitudes 
the crystals are bullets and columns 
with their major axes in the horizontal 
plane. The probe, looking vertically at 
the crystals randomly oriented in a hori
zontal plane, gives a random cosine

response to the crystal length. A trans
form to correct for this effect has been 
used routinely on cirrus crystals and 
found to give distributions in excellent 
agreement with collections from repli
cated samples. Since the cosine is nearly 
unity for one-third of all orientations, 
and since the small axis of the crystals is 
at least 20% of the crystal length (5:1 
aspect ratio) even for the largest crystals 
observed (1.5 mm), the total effect of 
transforming the distribution is not 
nearly as large as one might first 
suspect.

The Sabreliner Aircraft

The Sabreliner is almost ideally suited 
for subtropopause cloud studies. Its 
climbing performance and maneuver
ability allow for a series of cloud pene
trations to be made during the lifetime 
of a cirrus cell. Such multilevel profiles 
are important in determining the ice 
budget and vertical structure of cirri
form clouds. During the course of these 
studies the inertial navigation system 
was used for deriving air tracks and 
wind velocity data. The fact that cirrus 
trails often appear strongly sheared 
attests to the role of wind shear in

Fig. J The optical-array particle spec
trometer installed atop the Sabreliner.

shaping these cloud forms. What may 
not be obvious is that the wind shear 
also provides virgin air to the crystals 
during their early growth phase.

To complement the spectrometer 
m e a su re m e n ts , the Sabreliner was 
equipped with side-looking time-lapse 
cameras and a standard array of state 
parameter sensors. The ARIS II data 
system provided a serial data input to 
record the raw ice crystal size distribu
tions from the buffer memory. The 
flight profiles varied with the type of 
exp erim en ta l measurements. During 
natural cirrus investigations a series of 
step-down penetrations to map the trails
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was most often performed. At the cirrus 
head level, repetitive penetrations were 
made to provide a look at the time 
evolution of the ice phase after nuclea- 
tion and to measure the growth rates of 
ice crystal populations.

D uring  contrail experiments the 
Sabreliner first produced a contrail and 
then made a series of repetitive sampling 
runs. A knowledge of the engine setting 
allows the computation of combustion 
products and specifically the amount of 
water vapor deposited in the contrail. 
These initial conditions provide vital 
data to the experiments on the develop
ment of ice budgets in contrails. The 
contrail’s initial ice-water center en
larges by several orders of magnitude if 
the ambient air is above ice saturation 
temperature and the crystals can grow.

The Sabreliner’s twin-jet engines can 
each consume 51,200 lb (540 kg) of 
fuel per hour, but in the contrail experi
ments we set the engines for a total 
(c o m b in e d )  c o n su m p tio n  rate of 
1,500 lb (680 kg) of fuel per hour and 
an in d ic a te d  a irsp eed  o f  180 kt 
(330 km/hr). Partial approach flaps are 
applied to keep the aircraft level at this 
slow airspeed. At 30,000 ft (9,100 m) 
the  a irc ra f t  tru e s  o u t at nearly 
150 m/sec. The fuel consumption rate 
and airspeed convert to 1.26 g of fuel 
burned per meter of flight path. Using a

conversion factor of 1.37 g of H20  per 
gram of fuel (JP - 4), this converts to 
1.73 g of H20  per meter of flight path 
deposited through exhaust.

Particle Data Management

Each particle size determination must 
be processed before the spectrometer 
can measure a new particle. Therefore, 
between measurements and calculations, 
information must be transferred to a 
separate storage register or memory. In 
the flight programs this problem is 
handled by two memories operating in 
parallel. A buffer memory (see Fig. 2) 
buffers the ARIS recording system and 
can interface with four separate probes. 
It has asynchronous read-write capabil
ities and eliminates the time skew which 
would be produced if the input and 
output were time-shared. Distributions 
are read out at the ARIS framing rate. 
The second memory is contained within 
the particle data system which asyn- 
ch ro n o u sly  stores the particle size 
channels. The particle data system pro
vides the real-time data availability. It 
can s to re  particle information in
definitely or can be reset at pro
grammed rates. The system is useful for 
averaging over-cloud passes or for inte
grating particle data over extended 
periods of time. The output is displayed

as a histogram on a CRT and in digital 
readout; output can also be recorded on 
a digital printer or strip chart.

The histograms are sequenced onto 
tape from ARIS II and later processed 
by the NCAR Computing Facility. The 
histogram data are combined with air
speed, sampling rate parameters, and ice 
crystal parameters to compute ice water 
content (IWC), crystal concentration, 
precipitation rates, radar reflectivity 
factors, and infrared radiation diver
gence or cooling rates. Data samples, 
recorded during passes through uncinus 
clouds in September 1971, are shown in 
Fig. 3.

Recent Studies in Cirrus

The Sabreliner has provided more 
th a n  10 hr of continuous sampling 
within cirrus clouds. Common to all 
cirrus clouds are the generating regions, 
or cirrus cells, which are isolated regions 
containing high concentrations of large 
p a r tic le s . These cells are typically 
1 - 2 km in diameter and 1 km thick. 
Particle forms are primarily single bul
lets, bullet rosettes, and columns. Par
ticle concentrations vary from 25,000 
to 50,000 per cubic meter, except at the 
time of initial generation in the cirrus 
heads where concentrations are greater 
than 106/m3 ; mean crystal lengths vary 
from 0.6 to 1.0 mm, and appear to be 
larger downwind in individual heads. 
Particle density decreases from nearly 
0.9 g/cm3 to about 0.6 g/cm3. Maxi
mum IWC values are between 0.25 and 
0.40 g/m3. The reflectivity factor has 
m axim um  values between 15 and 
4 0 m m 6/m3, and maximum precipita
tion rates range from 1.0 to 1.6 mm/hr.

Uncinus, which occurs most often in 
reg ions containing significant wind 
shear, is observed to grow generally 
downward after the initial formation in 
the generating cell, reaching a maximum 
IWC just below the base of the cell.

The maximum IWC and crystal con
centrations were found in cirrus un
cinus. Cirrostratus clouds have large 
IWC and mean crystal lengths through
out, but contain lower numbers of 
crystals than uncinus. Cirrus spissatus
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Fig. 3 Samples o f  particle size distribution and meteorological data.

has lower concentrations than uncinus 
and smaller mean particle lengths than 
cirrostratus, with indications of little 
vertical motion after initial formation. 
C um ulonim bus anvils contain large 
numbers of large particles exceeding 
10s /m3, and their IWC is greater than 
1.0 g/m3.

The results of this sampling study in

cirrus-generating cells indicate that 
mean particle lengths are about 0.5 mm. 
These mean lengths would be expected 
in cirrus-generating cells with visible 
virga. However, during initial particle 
growth in a cirrus head, particles are 
smaller and in greater concentration. 
Studies made during March 1972 re
vealed  concentrations greater than

106/m 3 in the heads of cirrus. The 
growth of the ice crystals rapidly sup
presses water saturation and most of the 
nucleation  occurs in the first few 
minutes during head formation. After 
nucleation, these crystals are expended 
over a period of an hour or more into 
the trail.

Recent Studies in Contrails

Ice crystal size spectra suggest that 
contrails are not unlike natural cirrus. 
The contrail produces water saturation 
with subsequent rapid freezing. The 
concentrations and IWC in persisting 
contrails are similar to those found in 
natural cirrus. The ice crystals form 
within the initial condensation trail and 
once the supply is exhausted through 
virga or evaporation, no further ice 
crystals appear. The contrail thus pro
vides an initial surplus of water suffi
cient to reach water saturation. Once 
the ice phase is present, the vapor den
sity is rapidly suppressed toward ice 
saturation and additional nucleation of 
ice crystals is therefore prevented.

The results of experiments suggest 
that increased air carrier traffic prob
ably does not increase the water vapor 
at subtropopause levels, as is often sug
gested. Contrail cross sections often 
reveal orders of magnitude more IWC 
than in aircraft exhausts. Ultimately this 
water precipitates to much lower levels 
before evaporating. The net effect is 
thus to dessicate the levels having the 
most frequent air carrier traffic.

For Further Reading
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T e s t i n g  a n d  C a l i b r a t i o n  

o f  A i r c r a f t  S e n s o r s  a n d  S y s t e m s
D. W . Thomson and Edward N. Brown

From  its beginning the Research 
Aviation Facility has been expected to 
provide atmospheric scientists not only 
with reliable, more or less conventional 
airborne measurements of good quality, 
but also with a variety of specialized 
and developmental instruments and 
data-handling systems. At the RAF, 
scientists now have at their disposal 
among the various aircraft the most 
comprehensive set of at least “satisfac
torily” functioning aircraft meteorologi
cal sensors available (Table 1). Why is it 
necessary to qualify the sensors and 
systems with the word “satisfactorily”?

Simply because no single sensor or 
complement of instruments exists which 
can simultaneously satisfy all the varied 
requirements of, for example, mete
orologists studying turbulence or atmo
spheric radiation or air chemistry. Thus, 
it has been necessary for the RAF not 
only to offer conventional and sup
posedly “proven” sensors but also to 
develop, test, and evaluate a variety of 
new instruments. Many individual RAF 
users from both the NCAR laboratories 
and the university community have 
made important contributions to sensor 
and system testing efforts. In many

RAF-supported research programs the 
application, calibration, and evaluation 
o f  new  measurement devices have 
offered the solution to at least a part of 
the research problem.

Some Problems 
in Airborne Measurements

In principle, the measurement of an 
atmospheric parameter from an aircraft 
should be no more difficult to make 
than a corresponding laboratory mea
surement. In practice, because airborne 
sensors must function in an aircraft
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bulence, and numerical modeling o f  atmospheric acoustic propagation.
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Table 1

S U M M A R Y  O F  R A F  I N S T R U M E N T S  A N D  S Y S T E M S

SINGLE-PARAMETER
INSTRUMENTS

Total A ir  Temperature
Reverse-Flow A ir Temperature
Dew-Point Hygrometer
Wet-Bulb Temperature
Infrared Thermometers
Pressure A ltitude
Radar A ltitude
P ito t Pressure
Magnetic Heading
L iquid Water Content (LWC) 

Meter (Johnson-Williams)
Spinning Bowl LWC Meter
Lead Fo il Precipitation Sampler
Assorted Pyranometers

M ULTIPARAM ETER OR 
COMPLEX-PARAMETER 

INSTRUMENTS

Doppler Radar 
Ground Speed 
D r ift  Angle

Microwave Refractometer 
Radio Refractive Index

M u ltipo rt Gust Probes 
Vertical and Horizontal 
Acceleration 
A ttack Angle 
Sideslip Angle

Incidence Angle Vanes 
A ttack Angle 
Sideslip Angle

A ir Sampling Equipment
X-Band Weather Radar
K-Band Weather Radar
Assorted Time-Lapse Cameras

STATE-OF-THE-ART SYSTEMS

Inertial Navigation System 
Acceleration 
Velocity 
Position 
A ttitu d e  Angles

Laser Particle Size Spectrometer
High-Resolution Infrared Scanner

Cryogenic Hygrometer
Fast-Response A ir  Temperature

environment, the analysis of observa
tions made from an aircraft is fre
quently a difficult and frustrating task.

If airborne observations are to be 
useful, it is essential to first establish 
certain characteristics of the measuring 
instrument. The instrument typically 
consists of a sensor, electronics, and 
some data-recording medium, all of 
which must be calibrated so that the 
output is known with respect to an 
a c c e p ted  standard. The instrument 
accuracy is determined by comparing 
the ratio of the difference between the 
indicated and true values to the true 
value.

In most cases finding the accuracy of 
a laboratory or even an aircraft sensor in 
a controlled laboratory environment is a 
straightforward, albeit tedious, task. 
Unfortunately, in order to calibrate 
even the simplest airborne sensor in its 
operating environment, it is necessary to 
fly it in the natural atmosphere where it 
is exceedingly difficult to establish any 
true reference standards. What is the 
“true” temperature or “true” vector 
wind of a flight path several hundred 
meters long and traversed in only a few 
seconds?

It is im p o r ta n t to differentiate 
between the calibration and testing of

an in stru m en t. In calibration, one 
attempts to determine the response of 
the device to the parameter of interest. 
In testing, one attempts to determine 
how seriously the instrument’s output is 
degraded by variations in other param
eters. Assume that a satisfactory refer
ence using, for example, an instru
mented tower can be established. What 
then are the errors, both systematic and 
random, which are frequently inherent 
in airborne observations? Most errors 
can be associated with one of the fol
lowing categories:

A. Equipment

1. Improper calibration. One of the 
most difficult calibration problems 
and a source of serious airborne mea
surem ent errors is determining a 
“true” value for any given atm o
spheric variable.

2. Linearity. Linearity usually is only 
a problem when a nonlinear device, 
su ch  as many aircraft dew-point 
hygrom eters or psychrometers, is 
incorrectly assumed to be linear.

3. Hysteresis. Hysteresis in airborne 
sensors can be observed when, for

example, air temperatures observed in 
an ascending vertical profile differ 
systematically from those obtained 
while descending.

4. Zero or sensitivity drift. A slowly 
fluctuating static pressure recorded as 
the aircraft was flown at a constant 
pressure altitude, or a change in pitot 
pressure as the pressure transducer 
warmed from a cold morning start, 
could be consequences of a “zero” 
d r i f t .  S e n s itiv ity  or resolution 
changes frequently occur as a result 
of small variations in the gain of sig
nal voltage amplifiers.

B. Interference or “Noise”

Interference from high-power elec
trical and radio communication or radar 
systems can be a very serious problem 
on instrumented aircraft, unless special 
shielding precautions are taken. The 
problem is especially severe on aircraft 
having sensors such as angle-of-attack or 
sideslip strain gages with low-level out
put signals. Interference problems are 
fu rther complicated by atmospheric 
electrical effects and the lack of a solid 
“earth” ground.
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C. Aircraft Environment or Installation 
Errors

Compared to most laboratory instru
ments, aircraft sensors and systems must 
operate in an extremely hostile environ
ment. Outside the aircraft, fragile sen
sors are subject to large variations in 
temperature, pressure, and humidity, 
and in many cases to precipitation and 
ice. The supply voltage from the aircraft 
electrical system is subject to both slow 
variations and large switching transients. 
All systems aboard the aircraft are sub
ject not only to vibration from the air
craft engines and associated systems but 
also to severe buffeting by atmospheric 
turbulence.

Examples of installation errors in
clude the placement of a static-pressure 
port in such a manner that when the 
aircraft is flown with partially lowered 
flaps, the static pressure is in error; or 
the incorrect mounting of an air sam
pling or hygrometer intake so that the 
intake air is contaminated by air venting 
from the fuselage or engines, or modi
fied as a result of fuselage airflow 
effects.

D. Dynamic Response Errors

Dynamic response errors result from 
the inability of an instrument, such as a 
dew-point hygrometer, to follow the 
natural spatial (temporal) variations of 
atmospheric vapor pressure. In many 
laboratory experiments where condi
tions change relatively slowly, the sen
sors are essentially in equilibrium with 
their surrounding environments. When 
an aircraft moves at high speed through 
the atmosphere, unless the sensor time 
constant is very short the signal output 
will be constantly “lagging” the current 
conditions. In effect, a slow sensor con
tinues to adjust to conditions through 
which the aircraft has already passed. 
Dynamic response errors are difficult to 
evaluate even in controlled wind-tunnel 
testing and can be serious, especially 
when measurements of derived param
eters such as momentum and heat or 
moisture fluxes are required.

E. Operational Errors

Even if a scientist is provided with 
the  f in e s t possible instrumentation 
sy s tem , h is measurements will be 
meaningless if the experimental pro
cedures are poorly designed and/or if 
the measurement system is incorrectly 
utilized. Many scientists understand 
generally what aircraft measurements 
are required in order to solve a particu
lar problem, but they sometimes lack 
the experience with and understanding 
of airborne systems required (1) to 
recognize measurement problems or bad 
data, or (2) to utilize aircraft measure
ments to their fullest potential.

An Evolution 
in Airborne Measurements

During the early 1960s many scien
tists supported by the RAF required 
aircraft platforms to carry special instru
ments such as one of the then-new infra
red radiometers. They then augmented 
their observations with state parameter 
meteorological measurements. At that 
time many of the accuracy and resolu
tion requirements could have been met 
using conventional radiosondes, but 
these early investigators were pleased 
simply to be able to maneuver their 
“ m u lti-en g in e  radiosonde.” Sensor 
specifications were, by today’s stan
dards, loosely written. Many of the 
various single-parameter sensors avail
able for installation on the early RAF 
aircraft had been thoroughly tested for 
aeronautics, and in some cases, cloud 
physics applications. RAF testing and 
calibration o f these devices consisted for 
the most part of laboratory tests in 
e n v iro n m e n ta l chambers and field 
testing under a wide variety of meteoro
logical conditions. The testing of these 
early single-parameter instruments did 
not include extensive wind-tunnel or 
dynamic testing. The aircraft, however, 
were flown against radiosondes (which 
for “reference” purposes left a great 
deal to be desired), and compared to 
som e instrum ented tower measure
ments, but most important was the

dynam ic  testing  experience gained 
during various field programs.

As both scientists and RAF staff 
became increasingly familiar with the 
detailed nature and vagaries of the 
atmosphere, demands were made both 
for measuring the old variables in new 
ways and for observing entirely new 
variables. For example, in the case of air 
motion sensing, reliable estimates not 
only of turbulent velocity fluctuations 
but also of mean winds on the meso
scale were required.

At this time the RAF began to 
acquire multiparameter and more com
plex systems (Table 1) which in many 
cases not only measured more than one 
meteorological or aircraft parameter but 
which were also not completely tested 
for meteorological applications. Doppler 
radars, for example, were considered 
acceptable as an aircraft navigational aid 
but their capabilities for wind measure
ments on the mesoscale had not been 
adequently investigated. Multiport gust 
probes had been developed for flight 
testing of aircraft but not for detailed 
m e a s u r e m e n t  o f  a tm o s p h e r ic  
turbulence.

In retrospect, contrary to many 
expectations of the research aviation 
scientific community, the RAF did not, 
at least until recently, live up to its 
potential for contributing to the testing 
and evaluation of the multiparameter or 
“second generation” airborne instru
m entation systems. During the late 
1960s, the number of aircraft within the 
RAF increased rapidly. The facility was 
able to provide support to many field 
programs, but as a consequence it was 
necessary to compromise test and evalu
ation programs. In short, many of the 
instruments listed in the multiparameter 
group in Table 1 were evaluated only as 
part of a specific research program.

Contemporary Test 
and Calibration Problems

Aircraft measurements have recently 
reached a degree of sophistication which 
a decade ago would have been thought 
unattainable. Particularly notable is the
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application of inertial navigation sys
tems to air motion sensing problems and 
on-board minicomputers to provide in
flight test capabilities and real-time data 
processing. Now, as research aircraft are 
being equipped with “third generation” 
sensors and systems, the fundamental 
nature of many research programs in
volving aircraft is changing. Participa
tion of many aircraft in a single experi
ment has not only greatly increased the 
necessity for quality control on in
dividual aircraft but also has focused 
attention on the problem of deter
mining suitable methods or procedures 
fo r co m p arin g  d iss im ila r aircraft 
equipped with different instruments. It 
no longer is possible to accept instru
ment specifications at face value or to 
simply bench, wind-tunnel, or even field 
te s t a relatively simple sensor and 
expect it to perform to the scientists’ 
e x p ec ta tio n . Accuracy requirements 
now are so tightly written that a high- 
q u a lity  sen so r in s ta lle d  w ithout 
thorough flight testing on an aircraft 
will not, for example as a consequence 
of aerodynamic effects, meet experi
ment specifications. The sophisticated 
systems such as the multiport gust 
probes and inertial navigation systems

are being pushed to their maximum 
capabilities. In order to extract as much 
information as possible from the data, 
new filtering and data-processing pro
cedures are required. Because the scien
tist is frequently interested in compli
cated derived quantities (such as fluxes), 
error analyses are rarely straightforward. 
It is difficult and in some cases im
possible to differentiate between true 
atmospheric data, and sensor and data- 
processing system noise.

As a consequence of these factors, 
the RAF is now increasing and altering 
its capabilities, equipment, and man
power for instrument and system testing 
and evaluation. The RAF still does not 
have all of the necessary standards for 
calibration and testing of airborne mete
orological instrumentation, although 
NCAR does have access to, and to some 
extent relies on, other national facilities; 
some of these are listed in Appendix I 
or are included in the sources listed in 
Appendix II. The in-house capabilities 
and facilities which the RAF has re
c e n tly  u tilized are summarized in 
Table 2.

Special efforts are being made to 
e v a lu a te  a n d , when necessary, re
engineer measurement systems aboard

Table 2

FAC ILITIES  A V A I L A B L E  TO  T H E  R A F

T e m p e ra tu re

H u m id ity

Pressure

In fra re d  R a d io m e tr ic  S ensors 

In fra re d  S canners

A ir c r a f t  P o s it io n

P re c is io n  R esis tance T h e rm o m e te r

(1) G ra v im e tr ic  M e th o d
(2 ) T w o-P ressu re  M e th o d

(1 ) M e rc u r ia l B a ro m e te r 
{2) Te xa s  In s tru m e n ts  C o.

S ta n d a rd  P rec is ion  Pressure 
Gage

E G & G  In fra re d  R ad iance  S ta n d a rd

(1 ) T h e rm a l S p a tia l R e s o lu tio n
F a c i li ty

(2 ) S p a tia l R e s o lu tio n  F a c il i ty

(1 ) E x te n d e d -A re a  In s tru m e n ta 
t io n  R adar

(2 ) A N /F P S -1 6  R adar

N a t io n a l B u reau  o f  S ta n d a rd s

N a tio n a l B ureau  o f  S ta n d a rd s  
N a t io n a l B ureau  o f  S ta n d a rd s

Research A v ia t io n  L a b o ra to ry

R esearch A v ia t io n  L a b o ra to ry

U .S . A r m y  E le c tro n ic s  P ro v in g  
G ro u n d , F t .  H ua ch u ca , A r iz .  

Texas In s tru m e n ts , D a llas , T e x .

N a t io n a l A v ia t io n  F a c il i ty  
E x p e r im e n ta l C e n te r, A t la n 
t ic  C ity ,  N .J .

W a llo p s  Is la nd  F a c il i ty

REQUIRED PRIMARY-SECONDARY TEST-REFERENCE
MEASUREMENT STANDARDr 11 MSflii F A C IL ITY
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the Sabreliner and Buffalo aircraft. A 
comprehensive test plan is being written 
to make it possible to perform a com
plete series of in-flight tests on the Elec
tra before it is assigned to any major 
field programs. The plan will include 
bench testing of all individual instru
ments and systems and, in some cases, 
special wind-tunnel tests. The test pro
gram will involve flight tests of some 
sensors aboard a Queen Air or the 
Buffalo, a series of sensor and systems 
tests aboard the Electra, and, finally, a 
series of intercomparison flights with 
other aircraft scheduled to participate in 
GATE (the GARP Atlantic Tropical 
Experiment).

Major test and evaluation programs 
(such as those for the Electra aircraft) 
are, in part, still subjects for research. 
The allocation of adequate flight time 
and the assignment of professional facil
ity manpower to the test and evaluation 
problems have required changes in some 
RAF operational priorities. But, if these 
new procedures are successful, future 
RAF users will routinely have at their 
disposal new, sophisticated capabilities 
for airborne observations of the highest 
possible quality. •

APPENDIX I. NATIONAL FACILITIES FOR 
AIRCRAFT SYSTEMS TESTING

1. National Aviation Facilities Experimental Center
F.A.A.
Atlantic City, New Jersey

2. Central Inertial Guidance Test Facility 
Holloman AFB, New Mexico

3. Air Force Dynamics Laboratory 
Aero Mechanics Branch AFFDL/bXM 
Wright Patterson AFB, Ohio

4. Arnold Engineering Development Center 
Arnold Air Force Station, Tennessee

APPENDIX II. SUMMARIES LISTING AIRCRAFT TEST FACILITIES
1. Environmental Test Equipment in Government Establishments 

Office of the Director of Defense
Research and Engineering 
Washington, D.C.

2. Institute of Environmental Sciences 
Facility Survey
National Office 
Mt. Prospect, Illinois

3. Catalog of U.S. Government Meteorological Research and Test Facilities 
U.S. Department of Commerce
Sept. 1969

S I N G L E - P A R A M E T E R  I N S T R U M E N T  T ES TI N G  A N D  C A L I B R A T I O N
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The ARIS III is a third generation 
A irc ra ft Recording Instrumentation 
System developed by the NCAR Re
search Aviation Facility. The system 
consists of three major parts: the ARIS 
digitizer and logic, the analog interface, 
and the  h y b rid  in s tru m e n ta tio n  
recorder.

Digitizer and Logic

The main logic system will accept: 40 
individual analog inputs (±5 V dc) from 
the analog interface box; a serial input; 
72 octa l inputs (with a 1, 2, 4, 
weighting); and 4 synchro or resolver 
inputs. These inputs are digitized in 
synchro-to-digital or resolver-to-digital 
converters having a 1 3 -b it resolution 
and then are recorded in the octal por
tion of the data. This unit provides the 
following readouts: six digits of time 
information; three digits of analog data 
with sign information (±999); and a 
readout of the octal input.

The front panel controls are power 
and record on-off, date, set clock, ana
log and octal word selector, two event 
markers, analog input check, and a 
seven-segment LED test indicator. A 
selector switch permits the monitoring

T h e  A R I S  I I I  
D a t a  S y s t e m

Walter Glaser

of the five ARIS digital outputs and the 
selection of tape data readout.

Analog Interface

The analog interface box accepts ana
log inputs from voltage-compatible sen
sors (±5 V dc) and permits monitoring 
of any input from the front panel test 
jacks with a 2Vi - digit digital voltmeter, 
an oscilloscope, or a strip-chart re
corder. This interface also makes it 
possible to cross-strap inputs for higher 
sampling rates. Space is provided for 
special-application logic cards, e.g., shift 
registers for INS data recording on the 
Sabreliner, ADARS interface, and offset 
amplifiers.

Data Recorder

The instrumentation recorder holds 
standard 10H -in. reels of half-inch in
strumentation tape having a capacity of

Walter Glaser received training from  Realgymnasium and Technische Hochschule, 
both in Vienna, and from  Zeiss-AEG Electron Microscope Operation and 
Maintenance; he has also taken the U.S. Air Force courses in Reconnaissance 
Systems and Intricate Instruments and the RCA courses in Precision Measuring 
Equipment and Management. He has been an instructor fo r  the Air Force 
courses in Reconnaissance Systems and Intricate Systems, has worked with the 
NBS Microwave Standards Laboratory, and has been superintendent o f  the Precision 
Measuring Equipment Laboratory, RCA, BMEWS, Alaska. He joined NCAR in 1965 
and is an associate engineer.
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2,500 ft (760m ) of 1 .5 -m il tape or 
4,600 ft of 1 - mil tape. It records seven 
tracks and includes a read-after-write 
feature. This permits readout on the 
main ARIS monitor so that the quality 
of recorded digital data from any one of 
the five ARIS digital outputs can be 
checked during flight. Digital data are 
recorded in serial format with bi-phase- 
m ark  m odulation at a density of 
860 bits/cm. Direct or FM record elec
tronics can be inserted in the recorder.

The performance capability of each 
of the seven tracks depends on the tape 
speed and the recording mode as shown 
on the accompanying ARIS perfor
mance chart (Table 1).

Data Word Format

Each digital word consists of 16 con
secutive bits recorded on the tape. Each 
word is basically binary-coded decimal

with a slight variation for some of the 
words. A normal decimal word contains 
four decimal digits, each of which con
sists of four binary bits weighted 8 ,4 ,2 ,
1, in that sequence. A modified decimal 
word consists of three decimal digits 
plus four additional bits. One of these 
added bits indicates sign and goes along 
with the three decimal digits so that 
numbers between -999 and +999 can be 
represented by the 13 bits in the word. 
The remaining three bits of these modi
fied words can record an independent 
octal digit.

Because the ground playback equip
ment will read nothing more than a 
string of ones or zeros from the tape, 
some means must be included to allow 
it to “know” which bits go with which 
words. This is accomplished by periodi
cally recording a frame synchronization 
word in the data stream. The frame sync 
word is a string of 14 consecutive

Table 1

ARIS  III P E R F O R M A N C E  C H A R T

Tape Speed 1 : 2 3 4 5 ■ 6  '
ARIS

Program

ARIS Program 0, l , 2, 3

Recording 
Time, Hr

4,600 Ft 8.2 4.1 2 1 0.5 0.25 0 1 2 3

2,500 F t 4.4 2.2 1.1 0.5 0.25 0.125 Digital 1 2 3 4 1 2 3 4 1 2 1| 4 1 2 is . 4;

Samples 
Recorded/Sec 

at Each 
Analog 
' Input

/ 4 8 16 32 64 128

Va
rio

us
 

Ra
te

s 
at 

Ea
ch

 
O

ut
pu

t

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

8 16 32 64 128 256 14 24

16 32 64 128 256 512 14 7 2

32 64 128 256 512 1,024 7 7 7 7 7 7 ? 7 1 1 1 1 1

64 128 256 512 1,024 2,048 3 1 1 1 1

128 256 512 1,024 2,048 4,096 1 1 1 t

Recorder 
on Each 
Track

Frames/Sec 4 8 16 32 64 128
Signal 

to Noise 
^  Ratio db 

Digital

144 parallel d igital inputs 
are sampled once per frame

outputs. (72 digital inputs 
i l l  external connectors, and 
72 inputs from  the 4 synchronor 
resotver-to-digital converters.)

Words/Sec 256 512 1,024 2,048 4,096 8,192

Bits/Sec 4,096 8,192 16,384 32,768 65,536 131,072

Maximum 
Data Fre

quency Track

FM Analog 625 1250 2.5k 5k 10k 20k 40 Signal o
atio

Direct 7.5k 15k 30k 60k 125k 250k 32 db
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Table 2
ARIS III WORD FRAME A R R A Y

£D
Occ
a

binary-one bits bracketed by zero bits 
at the beginning and end o f the word. 
With BCD coding of all other words, 
this bit sequence can never occur else
where in the data.

The Data Frame

Each recorded data frame consists of 
64 consecutive digital words, with the 
first word of each frame being the frame 
sync word. For convenience the frame is 
broken up into eight groups alphabeti
cally, A through H, with eight words 
numerically, 1 through 8, per group. 
Arranging the frame in an eight by eight 
array of words makes the frame easy to 
visualize.

The time sequence starts with word 
Al (frame sync word) and goes horizon
tally through A8, then down to B1 
through B8, and finally down to HI 
through H8. After H8, Al of the next 
frame occurs.

Words Cl and El are normal decimal 
words which record the digits contained 
in time-of-day information. The re
maining 61 words in the frame are 
modified decimal words. The octal por
tions of words B1, D1, F I , G1, and HI 
record that time-of-day information 
which does not require full decimal 
range (tens of seconds, tens of minutes). 
The octal portions of all the number 2 
words record various system conditions 
and manually entered event markers. 
The octal portions of all words num
bered 3 through 8 are made available as

WORDS

1 2 3  ' 6 7 8

A S ync J

B

C T im e J

D

E T im e J

F

G J

H

Table 3
ARIS III WORD STR U CTUR ES

For ARIS Housekeeping Words 

SEQUENCE 1 W ORDA1 FRAME SYNCHRONIZATION

Bit 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Fixed 0 1 1 1 1 1 1 1 1 1 1 1 1
■ M

1 1 0

SEQUENCE 17 WORD C1 TIME

Units Day Hour Minute Second

Bit 1 2 3 II4 5 6 H 8 9|10 11 12 13 14 15 16
■ ■

Weight 8 4 2 1
■

8 4 2 1 8 4 I2 1 8 4 2 1
SEQUENCE 33 WORD E1 T IM E

Units Year Frame Number Month

Bit 1 2 3 I4 5 6 7 8 9 10
H

11 12
■

13 14 15 16

Weight 8 4 2 1 80 40 20 10 8 4
■ H i

2 1 8 4 2 1

FIX ED  OCTAL D IG ITA L  INPUTS

Time
Sequence

ARIS
Word

Units
Weight

Bit 2 B it 3 Bit 4

2 A2 System 4 2 1

9
B1 Month 0 0 10

18 C2 Event 1 1 1
m m m m

1

25 D1
ImIHMbBIMIIB

Day 0 20 10

26 D2 Program 0 2 1

41 F1 Hour 0 20 10

49 G1 Minute 40 20 10

50 G2 Event 2 1 1 1

57 H1MuilllllimilHIIIM Second 40 |  20 10

58 H2 Speed 4 2 1

For ARIS Octal and Digitized Analog Words 

A L L  OTHER WORDS IN 64-WORD FRAME

,
Units Octal Input Digitized Analog Input Value

B it 2 3 4 1 5mIs II7
8m 9 10 11 12 13 14 15 16

Weight 4 2 1 Sign 800 400 200 100 80 40 20 10 8 4 2 1



Table 4

ARIS  III A N A L O G  S A MP LI N G P R O G R A M S  A N D  O U T P U T S

Program 0 1 2 3

Groups A L L ACEG BDFH ACEG BF DH AE CG BF DH

2 A2 A2 B2 A2 B2 D2 A2 C2 B2 D2

6 A6 A6 B6 A6 B6 D6 A6 C6 B6 D6
V*
3

4 A 4 A4 B4 A4 B4 D4 A4 C4 B4 D4

3o 8 A8 A8 B8 A8 B8 D8 A8 C8 B8 D8

E
<

3 A3 A3 B3 A3 B3 D3 A 3 C3 B3 D3

7 A7 A7 87 A3 B7 D7 A7 C7 B7

5 A5 A5 B5 A5 B5 D5 A5 C5 B5

2 B2 C2 C2

CM
♦*
3a

6 B6 C6 C6

4 84 C4 C4

3
o 8 B8 C8 C8

E
<

3 B3 C3 C3
D7

7 B7 C7 C7

5 B5 C5 C5 D5

2 C2 D2
H2

n
•*-
3a

6 C6 D6
H4

4 C4 D4
H4

3
o 8 C8 D8

cc
<

3 C3 D3
H3

7 C7 D7

5 C5 D5 H8 H8

2 D2 H2

6 D6 H6
H6 H6

*■*3a
4 D4 H4

3
o 8 D8 H8

E
<

3 D3 H3
H7 H7

7 D7 H7

5 D5 H5 H5 H5

The analog words B 1 ,D 1 ,F 1 ,G 1 , and H1 are recorded in the above 4 AR IS  outputs and in the 
serial ou tpu t during all programs. These words are sampled once per frame.

parallel digital inputs, with each being 
sampled once per frame.

Analog-to-Digital Converter

The 13 - bit portion of the modified 
decimal words reflects the output of an 
analog-to-digital converter (ADC) at a 
time corresponding to the word position 
in the frame. On command, the ADC 
will sample an analog voltage input and 
generate a number between -999 and 
+999 at its 13 - bit digital output. The 
relation between the output number N 
and the input voltage V is: N = 200 V. 
This results in a full-scale input voltage 
range of -4.995 V to +4.995 V with a 
resolution of 5 mV per least significant 
bit of the output number.

An analog scanner or multiplexer 
co n sis tin g  of 40 solid-state analog 
switches is placed ahead of the ADC. 
The 13 - bit information recorded in a 
particular word of the data frame 
depends on which of the 40 analog 
switches was turned on at the time the 
ADC sampled for that word. Obviously, 
no more than one analog switch can be 
turned on at a time for proper data 
sampling. By controlling the switch- 
actuating sequence, the sampling rate 
for each of the 40 analog inputs is 
controlled.

At the fastest tape speed of 60 in./sec 
(152.4 cm/sec), the digital word rate is 
8,192 words per second on each digital 
track. This means that the ADC must 
convert at this rate to keep up with the 
data flow. Actually, the ADC is still 
operating below its maximum conver
sion rate at this speed and the only way 
to utilize its full capability is to increase 
the bandwidth of the data link. The 
in c rea se  in  data-link bandwidth is 
accomplished by recording the ADC 
output on more than one track of the 
tape.

During each word period in the data 
frame, the ADC actually makes four 
independent conversions and each con
version is included in a different serial 
output data stream. All of the four 
serial digital outputs contain the same 
information in words A l, C l, and El 
(sync and time) as well as the octal por
tions of all other words in the frame.
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Serial Data

72 Bits Parallel D igital Data

13-Bit Resolver/Digital 

13-Bit Resolver/Digital 

13-Bit Resolver/Digital 

13-Bit Resolver/Digital

144 Bits

40-Channel Manual Analog-to-Digital
H igh-Level Analog High-Level Converter

Analog Check — P Analog M ultip lexer — P 1 Sign B it,
Inputs Control 12 Data Bits

I ----------- *
I I

7-Track Hybrid I I
Magnetic Tape Recorder

Time Code Generator 87 Bits
and Programmer

Controls:
AR IS O utput and Record 
Track Selector,
Readback Track Select, 
Tape Speed Select,

Set Time Controls Decimal Display 
Controls:Tape Read Signal

>--------------- ft
FM A na log ARIS Data O utput Select, and

Rewind, Fast Forward, 
Playback, and Stop 
Program Select

Tape O utput Select

5 Independent ARIS Serial Outputs t

A R IS  III Functional Block Diagram

Five of the analog input switches are 
controlled to turn on (one at a time) 
during words B l, D l, F I , G l, and HI 
for the complete period of each word. 
Therefore, the information from these 
five analog inputs is included on all four 
digital outputs at the rate of one sample 
per frame for each. The remaining 35 
analog input switches can be pro
grammed by a manual program selector 
switch, with four different sampling 
programs provided.

Looking at the 64 - word matrix, it is 
seen that the maximum rate for periodic 
sampling of a single analog input would 
be 32 samples per frame. This would 
require the analog input switch to be on 
for all even-numbered words in the 
frame. A second analog input could be 
sampled 16 times a frame if the analog 
switch were on during all words num
bered 3 and 7. A third analog could be 
sampled eight times a frame if it were 
turned on during all the number 5 
words. With this arrangement, it would 
be possible to have only three analog

A R IS  III and tape deck on the NCAR Buffalo aircraft.
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inputs completely filling the available 
words in the frame.

A sampling rate of four times a frame 
can be achieved by turning on the same 
analog switch during every other group 
of the same word, such as ACEG2 or 
BDFH2. Two samples per frame are 
accomplished by using every fourth 
group of the same word, such as AE2 or 
BF2. The four sampling programs yield 
the following total analog input sam
pling  capability, with the numbers 
shown for each program indicating the 
total number of analogs samplied at the 
various rates:

Tape Speed

cm/sec in./sec frames/sec

4.76 1.875 4
9.53 3.75 8

19.06 7.5 16
38.1 15 32
76.2 30 64

152.4 60 128

In addition to the four digital outputs 
described, a fifth digital output is pro
vided which is identical in format. The 
information contained in all number 1 
words of this output is the same as that 
contained in those words of the other 
four outputs (sync, time, and five ana
logs). The remainder of the information 
contained in this output is determined 
by a serial-digital input to the system.

Format Variations

The five serial-digital outputs can all 
be recorded at one time through the use 
of five tape tracks. This would leave two 
tracks for recording wideband analog 
information. If only one digital output 
is recorded, six wideband analogs could 
be recorded on the remaining tracks. It 
is seen that many other recording con
figurations are possible. The following 
itemization shows the total capability of 
the system to accept input data signals 
and record them on tape.

•  Time information. Manually en
tered year, month, day, and system
generated hour, minute, and second. 
The time of day is accurate to one part 
in 106 from a manual preset and start, 
and  is included in all five digital 
outputs.

•  5 fixed-rate analog inputs. Five 
analog inputs sampled once per frame 
and included on all five digital outputs.

•  35 programmed-rate analog inputs. 
Inputs are sampled at rates depending 
on selected program. Each input is 
included in one of four digital outputs.

•  144 parallel digital inputs. Inputs 
are sampled once per frame and in
cluded in all four digital outputs con
taining programmed analog information. 
In the present configuration, 72 of the 
parallel digital inputs are brought out to 
rear connectors; the remaining 72 inputs 
are used for data from the four 
synchro-to-digital converters.

•  One serial-digital input. This input 
accepts high bit-rate serial-digital data 
and includes it on the fifth digital 
output.

•  Wideband analog inputs. These 
inputs are recorded on a separate tape 
track in analog form, using FM or direct 
recording.

We gratefully acknowledge the design 
work performed by A. J. Dascher on 
ARIS I and ARIS II and his help with 
A RIS III. We would like to thank 
Jacques Brun for his assistance during 
the construction o f ARIS III, and Fred 
Zimmer of the NCAR Machine Shop for 
his help with the design and the manu
facture of the ARIS packaging. •

Oscilloscope fo r 
M o n ito r in g  ARIS A na log  

Tape S igna l

O sc illog raph ic  
R ecorder fo r

NCAR A R IS  ground station.

ARIS A na log  M agne tic  
Tape P layback U n it

ita l M a gn e tic  
Tape R ecorder
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T h e  A D A R S  S y s t e m
John B. Cramp

The Sabreliner Airborne Data Ac
q u is itio n  and  R eco rd in g  System 
(A D A R S) represents a considerable 
departure from the philosophy taken 
toward airborne data systems by the 
RAF over the last few years. ADARS 
provides an extension of the ARIS In
ertial Navigation System (INS) data 
system to real-time display of recorded 
information in easily understood nota
tion. In this sense, ADARS “communi
cates” with flight observers to present 
information vital to evaluating research 
flight missions.

A D A R S Development

Early in 1972 the RAF began inves
tigation of an advanced airborne data 
system. Initial considerations centered

John B. Cramp began employment 
in the R A F  in 1969 as a student 
assistant in data processing. During 
1971 he became a minicomputer 
systems specialist, developing soft
ware systems fo r  the Sabreliner 
AD ARS system and more recently 
the Electra Data Management System  
(EDMS). He is a Regent’s Scholar at 
the University o f  Colorado School 
o f  Business and will receive his B.S. 
degree in June.

around the limitations imposed by a 
hardwired-programmed, serial recording 
system without real-time data display, 
such as ARIS. After a requirement for 
ground telemetry of calibrated data had 
been established, a design committee 
was formed. All proposed systems were 
required to be compatible with NCAR’s 
entire contingent of aircraft.

Three features recommended ADARS 
over co m p e tin g  p ro p o sa ls . First, 
ADARS is a “parallel” system with data 
sampling and recording functions per
formed entirely by ARIS III and with 
extended functions such as computa
tion, display, and telemetry performed 
by a Rolm 1601 computer. Because 
ADARS is planned around the ARIS III 
system which has a data recording func
tion that is not computer-dependent, 
the inherent reliability of ARIS flight 
recording and ground data processing is 
maintained, as well as data system 
sy m m etry  for all aircraft. Second, 
development of ADARS was within the 
existing resources of NCAR’s Research 
Aviation Facility and the Research 
Systems Facility. Third, development of 
the 1601 computer gave us an oppor
tu n i ty  to  acquire expertise in the 
development of advanced computer- 
oriented airborne data systems.

Information Processing and Display

The ARIS provides the complete data 
base for the ADARS Rolm computer.

After sampling each research instru
ment, ARIS transfers the digital value to 
the computer in standard ARIS BCD or 
special INS format. When an entire 
sampling cycle or frame has been trans
ferred, the computer requests further 
data input from ARIS and computes 
arithmetic means for each of the re
search instruments. Although the ARIS 
operates at a rate of 32 samples every
2 sec for each research instrument, the 
Rolm computer selects every fourth 
sample when computing the means. INS 
data are, however, computed on a 
most-current-value basis.

Because of ADARS’ strong depen
dence on ARIS, continuous checks are 
made to evaluate the recorded data; 
coun ters register sync error, frame 
counter error, speed lock warning error, 
and the number of illegal BCD char
acters for each research instrument. 
Limited performance data for the in
strumentation are determined through 
counters that show the number of times 
a sample-to-sample change exceeded 
some predetermined deviation criterion. 
At no time is any information deleted, 
altered, or initialized— except for the 
replacement of illegal BCD characters 
with 9s— unless it is by operator com
m an d . (A comprehensive series of 
diagnostic computer tests are available 
and may be operated in flight.)

ADARS displays ARIS flight infor
mation in one of two modes, each 
selectable by operator command and 
w ithout interruption of information
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processing. The DATA mode displays 
s ta te  and  derived computations in 
calibrated format while the ARIS mode 
displays basic ARIS monitoring and per
formance information as well as the 
average decoded value in ARIS numbers 
for each instrument. Both formats are 
updated every 2 sec and updating on 
both may be suspended to hold the last 
display for inspection. Data continues 
to be recorded, however, and the dis
play can be resumed with whatever 
value is currently being sampled and 
recorded.

Programming

Since ADARS is dependent on ARIS 
for all data input, ARIS timing con
siderations were given the greatest de
sign priority, and they determine the 
major program cycle. Basic program 
flow follows the seauence:

•  Form sums of ARIS-sampled data 
every 2 sec

•  Determine sample means, calibrate, 
and perform computations

AD ARS operator's console * Send outPut t0 disPlay format’ or
aboard the Sabreliner. service operator commands

To prevent information loss, both 
input and summation of the present

A D A R S  D A T A  S E T

MEASUREMENT

ARIS Line

Fixed Zero Voltage
Rosemount Temperature
Static Pressure
Dew-Point Temperature
Dynamic Pressure
Boom Dynamic Pressure 

Angle of Attack
Inertial Navigation 

System

COMPUTER 
SAMPLE RATE 

(per 2 sec)

Most Current 
Value

32

8
8

Most Current 
Value

PRINCIPAL
COMPUTATION

(ARIS system check) 
Temperature 
Static Pressure 
Dew-Point Temperature 
True Airspeed 
Vertical Winds

Vertical Acceleration 
Wind Speed and 

Direction 
True Heading 
Tracts
Ground Speed 
Position

PROPOSED
TELEM ETRY

Yes

No
Yes
Yes
Yes
Yes
Yes

Yes

Yes
No
No
No
Yes

data set occur simultaneously with com
putation and display of the previous set. 
This is accomplished through a three- 
level priority-interrupt structure for 
ARIS input computation, processing of 
operator commands, and CRT output 
and keyboard input.

Because of the special nature of the 
devices serviced by the ADARS Rolm 
computer and the complexity of the 
interrupt servicing schedule, the entire 
flight program has been developed in 
Rolm assembly language. The machine 
instruction set for the Rolm 1601 is 
essentially equivalent to the standard 
Data General NOVA. Two exceptions 
are the Sykes DABAR magnetic-tape 
cassette transport operating routines 
and Data General Corporation’s relo
catable floating point (FLP) interpreter. 
The FLP interpreter has proven to be 
significant in the extension of ADARS 
computational ability in lieu of external 
floating-point arithmetic devices. Al
though extensive use of Rolm’s ex
tended arithmetic unit has been made 
where possible, integer scaling tech
niques have not surmounted many of 
the limited-significance problems en
countered where a wide range of com
putational values has been expected. 
The FLP interpreter has provided a con
venient solution to these problems in a 
format resembling Fortran but main
taining the flexibility of familiar as
sembly language computational tech
n iq u es  in a real-time programming 
environment.

Special Extensions

In fo rm a tio n  processing by the 
Rolm 1601 computer makes possible a 
vast array of computational extensions. 
Any derived parameter can be com
puted and displayed subject to avail
ability of inputs from ARIS III, hard
ware limitations, and program timing 
characteristics. The primary hardware 
restriction is core memory size. Because 
only 600 of the 20,000 octal locations 
in memory are available for FLP inter
preter instructions with the present ver
sion, the extent and complexity of
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computations are limited. Timing con
s id e ra tio n s  also  place bounds on 
ADARS’ computational ability by pro
hibiting the use of high sample rates or 
time-consuming iterative techniques. 
Within these broad guidelines, modifica
tions can be made to the ADARS flight 
program to provide for special research 
situations.

To a similar extent special output 
devices can be accommodated by 
ADARS. The ADARS Rolm junction 
box provides for output of BCD char
acters which are presently used for 
updating pilot displays of Rosemount 
temperature, true airspeed, wind speed, 
and wind direction. These outputs can

also be applied to other special digital 
displays or strip-chart recorders.

The Sabreliner ADARS has recently 
been installed and after thorough flight 
testing, it will become fully operational 
early in 1973. •

A D A R S S O F T W A R E

SAMPLE AND SUM 
INSTRUMENT VALUES

A R IS  IN T E R R U P T  
(Level 1)

KLM FORM  a m s  C n tC K ’j

UPDATE INS VALUES

C R T IN T E R R U P T  K E Y B O A R D  IN T E R R U P T
(Level 3) (Level 3)

IN T E R R U P T A B L E  C O M P U TA T IO N S  
A N D  D IS P L A Y  

(Level 2)

YES D A T A

ARIS

PROCESS COMMAND

SET MOOE A N D  
D ISPLAY

SET COMMAND
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T h e  
A l t i t u d e - T e m p e r a t u r e  

T e s t  C h a m b e r
Richard Garre/ts

The RA F opera tes an altitude- 
temperature test chamber for use by 
scientists and engineers from NCAR and 
the universities. Manufactured by Asso
ciated Testing Laboratories, Inc., the 
chamber can be used for tests such as 
the determination of the temperature 
co e ffic ien t of pressure transducers, 
checks for high-voltage breakdowns in 
electronic equipment at increasing alti
tudes, and the partial simulation of 
flight conditions for telemetry packages.

The chamber’s working space mea
sures 90 cm (3 ft) on each side; the 
working volume is slightly less than
1 m3 (27 ft3). Temperatures can be 
adjusted from -70 to +115°C with a 
stability of ±0.5C°. The cooling rate is 
about 3C°/min. During a test procedure, 
pressures can be maintained at any level 
between ambient atmospheric pressure 
and 10 mb. Ambient pressure at the 
Je ffe rso n  County Airport, 1,694 m 
(5,560 ft), is usually about 830 mb. 
Pressurizing the chamber to attain an 
equivalent sea-level elevation is not 
possible. The chamber must be brought 
to the desired working temperature

Richard Garrelts graduated from  
the U.S. A ir Force Electronics and 
Radar School. Fie has worked as a 
microwave technician with the 
Sperry Gyroscope Co., as an elec
tronics technician with Automation  
Industries, Inc., and as a radar 
technician with the U.S. A ir Force; 
he is presently enrolled with the 
Cleveland Institute o f  Electronics. 
He joined NCAR in 1967 and is an 
instrumentation technician with 
the RAF.

before depressurization begins. How
ever, pump-down is fast enough so that 
this limitation is generally not severe.

The working volume is equipped with 
two BNC coaxial cable connectors, two 
high-current electrical feed-throughs, 
and 30 connections of 22 - gage wire. 
Another feature is a No. 4 hose fitting 
for connection to an outside pressure or 
vacuum source. The RAF has a supply 
of laboratory stands and other fixtures 
to support special equipment inside the 
chamber. •
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P r o c e s s i n g  o f  A i r c r a f t  D a t a

Alfred Rodi, 
Dean Frey, and 
Lynn A. Sherretz

Dean H. Frey received his B.A. 
degree in physics from  the Univer
sity o f  Nebraska in 1952 and his M.S. 
degree in meteorology from  the Uni
versity o f  Utah in 1961. He was an 
aviation weather forecaster in the 
U.S. A ir Force from  1953 to 1959, 
and a technical consultant on fore
casting techniques and computer 
application to forecasting from  1961 
to 1967. He is a member o f  the AMS, 
the Association fo r  Computing 
Machinery, and Sigma Xi. He joined  
NCAR in 1967 and is responsible for  
data processing for the RAF.

In the broadest sense the Aviation 
Facility’s mission is to provide the 
atmospheric science community with 
un iq u e  m easu rem en ts  w hich  are 
accessible only from aircraft. The link 
between the instrumentation aboard 
NCAR’s aircraft and the scientist who 
receives the measurements is a series 
of data processing procedures designed 
to transform the analog values into 
calibrated, ready-to-use form.

Given the volume of raw numbers 
(typically 106 observations during a 
4 - hr flight) generated and recorded 
by the Airborne Research Instrumen
tation System (ARIS) aboard each of 
NCAR’s aircraft, data reduction can 
only be accomplished practically with 
a h igh -speed  computer. Since the 
ARIS-generated data are not com
patib le with NCAR’s Control Data

Lynn A. Sherretz obtained a B.A. 
degree in physics from  St. Olaf 

College, Northfield, Minn., in 1968 
and an M.S. degree in meteorology 

from  the University o f  Hawaii in 
1971; he has written two papers on 
sea-swell prediction in the Hawaiian 

area. In the summer o f  1970 he 
attended “A Study-Field Labora

tory Program in Aircraft Research 
Observations and Instrumentation, ” 

sponsored by NCAR. He joined 
NCAR in 1971 and is project 

coordinator with the RAF.

7600/6600 computers, they must be 
p la y e d  b a c k , d e c o d e d , and  re 
formatted after the research flight.

The ARIS ground station (Fig. 1) 
accomplishes this task. The digitized 
airborne data which are serially re
corded in bi-phase-mark format on 
individual tracks of half-inch magnetic 
tape are converted to the standard, 
in d u s try -w id e , seven-track, gapped 
tape in NRZI format.

In addition to data re-formatting, 
the ground station permits the user to 
view his data in two ways. First, the 
aircraft data tape can be played back 
into a video display unit which pre
sents selected ARIS words in uncali
brated form. The number of illegal 
BCD d ig its — a useful measure of 
recorded data quality— is also dis
p la y e d . S eco n d , a bank of four
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digital-to-analog converters is available 
fo r re -reco rd ing  the data onto a 
m u ltic h a n n e l, strip-chart recorder. 
Both of these features are used exten
sively for post-flight, quick-look anal
ysis of data.

The computer-compatible magnetic 
tapes are next sent to the NCAR 
Computing Facility, where processing 
is performed using a flexible program 
designed to handle the peculiar input 
and output requirements of the ARIS 
sy stem ; the computer programming 
steps are functionally represented in 
Fig. 2. After the data have been ex
tracted from the ground station tape 
and decoded, they are summed for 
averag ing , w ith  any  unreasonable 
values discarded. After the averaging 
is com pleted, values are calibrated 
into engineering units and sent to the 
output device.

The options that currently exist for 
use in RAF programs are especially 
designed for the meteorological pro
files encountered in flight. Available 
options are:

•  Airborne recorder speed. Several 
tape speeds (or sampling rates) can be 
selected. The speed can also be changed 
in flight with minimal data loss during 
the transition.
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•  Averaging period. Data can be 
averaged over any length of time that is 
an integral multiple of the frame rate. 
For example, if the selected tape speed 
produces a frame rate of 8 per sec, then 
averaging periods of 1/8 sec, 1/4 sec, 
etc., up to 300 sec, are possible. Note 
that the averages are not running means 
and the averaging period must be the 
same for all variables processed. The 
averag ing  period can, however, be 
changed during the flight with no loss of 
data.

•  Throw-out criteria. To eliminate 
bad values caused by electronic noise, 
magnetic-tape dropouts, or recorder 
problems, each ARIS number for a par
ticular input is compared with its pre
vious value. If the difference exceeds a 
specified tolerance, that ARIS number 
is discarded and the next ARIS number 
is compared with the last accepted 
value. If during the averaging period no 
ARIS numbers are accepted, two op
tions are available. Either all values are 
used for the average, or the previous 
average is used for as many averaging 
periods as selected. Throw-out criteria 
are selected for each parameter on the 
basis of expected instrument response 
and atmospheric variability.

The final processed data can be sup
plied in one of the following forms: 
35 - mm CRT microfilm presentations 
of tabulated and graphic calibrated data 
(see below); or half-inch, seven-track 
magnetic tape in calibrated BCD or 
binary format.

Microfilm offers considerable flexibil
ity in graphic presentation:

•  Tabulated data. Data can be read 
out in printed form using any standard 
Fortran format (Fig. 3j).

•  Types o f  graphic output. Data can 
be plotted versus time, pressure, or 
other variables. If doppler or inertial 
navigation systems are aboard, the air
c ra f t p o s itio n  (ground track) and 
average wind vectors at specified inter
vals along this track can be plotted 
(Fig. 3f, g).

•  Vertical grid limits. There are three 
options available to control the vertical 
axis of dd80 (CRT) graphs. The first is 
called Flexible Range (Fig. 3a). The 
computer scans the data during the plot

period and adjusts the vertical scaling to 
o b ta in  maximum vertical resolution 
while keeping all the data on the plot. 
The disadvantage is that plots often 
cannot easily be assembled chronologi
cally because of the varying vertical 
scale. The second option, Fixed Limits 
(Fig. 3b), allows comparison, but any 
widening of the limits is at the expense 
of resolution. Typical use of Fixed 
Limits is for aircraft heading or wind 
direction, each with limits of 0 to 360°. 
The th ird  option is Fixed Range 
(Fig. 3c), where the difference between 
the top and the bottom of the scale is 
fixed, and the absolute value of the top 
and bottom are calculated from the 
mean value of the data during the 
period. For example, if the range is 
selected as 20 and the average value of 
data during the period is -5, the com
puter would select +5 and -15 for maxi
mum and minimum scale values. The 
advantage is that resolution can be 
increased over the Fixed Limits method 
with less chance of data loss. The dis
advantage is that data can go off-scale 
during periods of extreme change.

•  Plot period. Chronologically, the 
amount of data that is included on one 
graph can be specified. Optimum resolu
tion dictates that this be about 900 data 
points per plot or about 15 min of
1 - sec averages. Special applications can 
require shorter or longer plot periods 
(Fig. 3d, e).

•  Plots containing more than one 
variable versus time. Where appropriate, 
two variables can be plotted on the 
same graph (Fig. 3h). This is most suc
cessful when both variables have the 
same units and range, e.g., ground speed 
and airspeed, or temperature and dew 
point.

•  N o n sta n d a rd  options. Several 
projects have produced data which are 
not time-based and which cannot fit 
into the options described. One example 
is a device which counts particles in 
various size intervals (Fig. 3i). The 
feasibility of other possible options 
depends on a combination of factors, 
including the amount of lead time avail
able, the programming effort required, 
and the demand by other users for the 
option.

The program has been developed over 
the past years to include the options 
described, and will continue to include 
new options as the need arises. As air
craft systems become more complex,

Fig. 3 Examples o f  Microfilm Options
(a) Flexible Range
(b) Fixed Limits
(c) Fixed Range
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techniques such as digital filtering are 
needed for proper interpretation of the 
m e a su re m e n ts . The availability of 
special software to enhance the data 
analysis for a particular program is 
determined by the time and staff avail
able for a specific project. In some cases 
it may be necessary to furnish the user 
with a magnetic tape of calibrated 
values with which he can continue data 
processing at his home institution. •
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m N tN  s e e m m U S KT3 x c x s X S  C X S  C X S  C X S  C X S  C KTS

I t  48 1 ’ 22.99 - 8 1 .9 9 8 7 9 .6 151 148.1 -6 .1 1 0 6 .3 1 3 .9 1 3 .9 1 3 .9 1 3 .6 1 1 .4 16 .1

11 «  2 - 2 2 .8 5 - 5 1 .9 9 880 .1 181 150 .0 -6 .1 9 1 .0 1 3 .9 1 3 .9 1 3 .9 1 3 .7 1 1 .6 16.1

11 J 5  3 -2 2 .8 1 -8 1 .9 8 8 8 0 .8 181 181 .0 - 6 .0 91 .1 1 4 .0 1 4 .0 14 .0 1 3 .7 1 1 .7 1 8 .7

11 JB  -t -2 2 .7 6 -8 1 .8 8 8 8 1 .4 181 1 5 2 .3 -6 .0 9 1 .1 14 .0 1 4 .0 14 .0 i s . t 1 1 .3 16 .0
11 OB 5 -2 2 .7 2 - 8 1 .9 8 882 .1 180 1 8 4 .7 - 6 .2 91 .1 U . 0 1 4 .0 14 .0 1 3 .8 1 1 .3 17 .1

1 1 «  6 -2 2 .6 8 -8 1 .9 6 8 8 3 .0 149 1 8 6 .8 - 6 .0 7 5 .4 14.1 14 .1 14 .1 14 .0 1 1 .6 1 7 .8

11 48  7 -2 2 .6 * •8 1 .8 8 8 84 .0 148 1 8 7 .8 -8 .1 7 5 .5 U . 2 1 4 .2 1 4 .2 1 4 .0 1 1 .4 1 6 .8
11 45  8 -2 2 .6 0 -8 1 .9 3 8 8 4 .8 148 1 8 7 .6 - 4 .6 7 5 .8 1 4 .3 1 4 .3 1 4 .3 14 .0 1 1 .9 1 8 .3
11 45  5 - 2 2 .5 6 -8 1 .9 2 8 8 5 .5 149 189 .0 - 3 .9 7 5 .5 1 4 .2 1 4 .2 1 4 .2 14 .0 1 2 .0 1 4 .8
11 45  10 -2 2 .8 2 - 8 1 .8 9 8 8 6 .3 148 1 6 0 .3 - 4 .2 6 1 .6 1 4 .2 1 4 .2 1 4 .2 1 4 .0 12 .1 1 6 .4

11 45  11 -2 2 .4 8 - 8 1 .8 7 8 8 6 .8 148 1 61 .0 - 8 .4 6 1 .6 14.1 14.1 14 .1 1 3 .9 1 2 .2 1 9 .4

11 45  12 -2 2 .4 4 - 8 1 .8 4 8 8 7 .4 148 1 62 .2 -6 .1 6 1 .6 1 4 .0 14 .0 14 .0 1 3 .9 1 2 .2 22- :
11 45  13 -2 2 .41 - 8 1 .8 2 8 8 7 .7 147 i « . 3 - 8 .8 6 1 .6 14.1 14.1 14.1 1 3 .9 1 2 .0 2 4 .3
11 45 14 -2 2 .3 7 - 8 1 .7 8 8 8 7 .7 146 167 .4 - 4 .8 4 7 .4 14.1 14.1 14.1 1 3 .9 12.1 2 5 . 4

11 45  15 -2 2 .3 4 - 3 1 .7 8 8 8 7 .6 145 1 67 .3 - 4 .9 4 7 .4 1 3 .9 1 3 .9 1 3 .9 1 3 .9 12 .1 2 6 .4

11 45 16 -2 2 .31 -8 1 .71 8 87 .4 144 1 67 .0 - 4 .7 4 7 .4 1 3 .8 1 3 .8 13 .8 1 3 .8 1 2 .2 2 6 .2
11 45 17 -2 2 .2 8 -3 1 .6 8 8 8 7 .3 144 1 66 .3 - 4 .8 4 7 .4 1 3 .7 1 3 .7 1 3 .7 1 3 .7 1 2 .4 2 5 .8
11 45  18 -2 2 .2 6 - 3 1 .6 4 8 8 7 .3 144 1 67 .6 - 4 .7 35 .1 1 3 .7 1 3 .7 1 3 .7 1 3 .7 1 2 .6 2 6 .9
11 45  19 -2 2 .2 3 -8 1 .6 0 8 8 7 .6 144 1 68 .8 - 3 .9 3 3 .2 1 3 .7 1 3 .7 1 3 .7 1 3 .7 1 2 .3 2 6 .5

11 45 20 -2 2 .21 -3 1 .5 6 8 8 7 .8 145 1 68 .6 - 3 .8 3 5 .2 1 3 .5 1 3 .5 1 3 .5 1 3 .6 1 2 .0 2 6 . 3

11 45 21 -2 2 .1 8 -5 1 .8 2 8 8 8 .0 145 1 69 .9 - 4 .0 3 8 .2 1 3 .6 1 3 .6 1 3 .6 1 3 .6 1 1 .9 2 7 .0
11 45  22 -2 2 .1 7 -5 1 .4 8 8 8 8 .2 146 17Q .3 - 3 .0 2 3 .0 1 3 .3 1 3 .5 1 3 .5 1 3 .6 1 1 .9 2 6 .1
11 45  23 -2 2 .1 8 -5 1 .4 3 8 8 8 .3 146 1 7 1 .6 - 2 .8 2 3 .0 1 3 .5 1 3 .5 1 3 .5 1 3 .6 1 1 .8 2 6 .6
11 45 24 -2 2 .1 3 -5 1 .3 9 8 8 8 .5 146 173 .0 - 1 . 4 2 3 .0 1 3 .5 1 3 .5 1 3 .5 1 3 .5 1 1 .7 2 7 . 2
11 45 25 -2 2 .11 - 3 1 .3 4 8 8 8 .6 146 1 7 3 .6 - . 3 2 3 .0 1 3 .5 1 3 .5 1 3 .5 1 3 .5 1 1 .6 2 7 .1
11 45  26 -2 2 .1 0 - 5 1 .2 9 8 8 8 .7 146 174 .1 - . 8 12 .0 1 3 .4 1 3 .4 1 3 .4 1 3 .5 1 1 .7 2 7 .8
11 45  27 -2 2 .1 0 -5 1 .2 5 8 8 8 .5 147 174 .0 - 1 .7 12.1 1 3 .4 1 3 .4 1 3 .4 1 3 .4 1 1 .7 2 7 .8
11 45  28 -2 2 .0 9 -5 1 .2 0 8 8 8 .2 147 1 7 4 .7 - . 8 12.1 1 3 .3 1 3 .3 1 3 .3 1 3 .4 1 1 .9 2 8 .0
11 45  29 -2 2 .0 8 -5 1 .1 5 8 8 8 .2 147 1 7 8 .3 .7 12.1 1 3 .3 1 3 .3 1 3 .3 1 3 .3 1 1 .7 2 8 .7

11 45 30 -2 2 .0 7 - 5 1 .1 0 8 8 7 .9 146 1 75 .5 1 .2 3 . 9 13 .0 13 .0 13 .0 1 3 .2 1 1 .9 2 9 . 7

11 43 31 -2 2 .0 7 - 5 1 .0 5 8 8 7 .7 146 1 7 5 .2 .8 3 .1 1 2 .9 1 2 .9 1 2 .9 13.1 12.1 2 9 .2
11 45  32 -2 2 .0 7 -5 1 .0 1 8 8 7 .6 146 1 7 4 .7 .8 2 . 7 1 2 .9 1 2 .9 1 2 .9 13.1 1 2 .3 2 8 .6
11 45  33 -2 2 .0 6 -5 0 .9 6 8 8 7 .5 146 174.1 .8 2 .5 1 2 .7 1 2 .7 1 2 .7 1 2 .9 1 1 .9 2 7 . 9
11 45  34 -2 2 .0 6 -5 0 .9 1 8 8 7 .3 147 1 7 3 .9 .5 2 .1 1 2 .9 1 2 .9 1 2 .9 1 3 .0 1 1 .8 2 6 .6
11 45  35 -2 2 .0 6 -5 0 .8 6 887 .1 148 1 7 4 .6 1 .2 2 .3 13.1 13.1 13.1 13.1 1 1 .8 2 6 .7

11 45  36 -2 2 .0 5 -50 .81 887 .1 149 175 .8 2 .0 2 .5 13.1 13.1 13.1 13.1 1 1 .9 2 7 .9
11 43 37 -2 2 .0 5 -5 0 .7 6 887 .1 149 176.0 1 .4 2 .5 1 3 .2 1 3 .2 1 3 .2 13.1 1 1 .5 2 7 .2
11 45 38 -2 2 .0 5 -5 0 .7 2 887 .1 149 1 75 .5 1 .0 2 .5 1 3 .3 1 3 .3 1 3 .3 1 3 .2 1 1 .2 2 6 .6
11 45  39 -2 2 .0 4 -5 0 .6 7 8 8 7 .2 150 175.1 .7 2 .4 1 3 .3 1 3 .3 1 3 .3 1 3 .2 1 1 .3 2 5 .5
11 43  40 -2 2 .0 4 - 5 0 .6 2 887 .1 150 176 .0 .2 2 .5 1 3 .2 1 3 .2 1 3 .2 1 3 .2 1 1 .3 2 6 .1
11 45 41 -2 2 .0 4 -5 0 .5 7 887 .1 149 1 75 .8 .6 2 .7 1 3 .2 1 3 .2 1 3 .2 1 3 .2 11 .0 2 6 .4
11 45 42 - 2 2 .0 4 - 5 0 .5 2 8 8 7 .2 150 175.1 1 .6 3 .0 1 3 .2 1 3 .2 1 3 .2 1 3 .2 1 1 .0 2 5 . 9
11 43 43 -2 2 .0 3 -5 0 .4 7 8 8 7 .2 149 1 74 .7 2 .1 3 .4 1 3 .2 1 3 .2 1 3 .2 13.1 1 0 .9 2 6 .0
11 45  44 -2 2 .0 3 -5 0 .4 2 8 8 7 .3 150 1 74 .3 1 .6 4 .1 13.1 13.1 13.1 1 3 .2 1 0 .8 2 5 .2
11 45 45 -2 2 .0 2 -5 0 .3 8 8 8 7 .3 150 1 74 .7 1 .1 4 .6 1 3 .2 1 3 .2 1 3 .2 13.1 1 0 .9 2 5 .3
11 45 46 -2 2 .0 2 -5 0 .3 3 8 8 7 .3 150 1 75 .6 .6 4 .8 13.1 13.1 13.1 13.1 1 0 .7 2 5 .9
11 45  47 -2 2 .01 -5 0 .2 8 8 8 7 .6 150 1 77 .3 .4 5 .2 13 .0 13 .0 13 .0 13.1 1 0 .9 2 7 .4
11 43 48 -2 2 .01 -5 0 .2 3 8 8 7 .5 150 1 77 .3 .2 5 .1 13.1 13.1 13.1 13 .0 1 1 .0 2 7 .4
11 45 49 -2 2 .0 0 -3 0 .1 8 8 8 7 .6 150 1 76 .2 .4 5 .6 13.1 13.1 13.1 13.1 11.1 2 6 . 2
11 45  30 -2 2 .0 0 - 5 0 .1 3 8 8 7 .4 150 1 76 .3 .5 5 .7 13 .0 13 .0 13.0 13 .0 11 .0 2 6 .2
11 45  51 -2 1 .9 9 -5 0 .0 8 8 8 7 .5 150 1 77 .2 .6 5 .8 13.0 13 .0 13 .0 13 .0 1 0 .9 2 6 .9
11 45  52 -2 1 .9 9 -5 0 .0 3 8 8 7 .4 151 176.1 .5 6 .1 1 2 .8 12 .8 1 2 .8 1 2 .9 1 0 .9 2 5 .6
11 45 53 -2 1 .9 8 - 4 9 .9 9 8 8 7 .4 151 1 76 .2 .3 6 .2 1 2 .7 1 2 .7 1 2 .7 1 2 .8 1 1 .0 2 5 .2
1! 45 54 -2 1 .9 7 - 4 9 .9 4 8 8 7 .5 151 177 .7 .4 6 .5 1 2 .9 1 2 .9 1 2 .9 1 2 .8 1 1 .2 2 6 . 7
'  1 45 35 - 2 1 .9 7 - 4 9 .8 9 8 8 7 .4 151 179 .8 .8 6 .8 1 2 .7 1 2 .7 1 2 .7 1 2 .8 1 1 .2 2 8 .7
•1 45 56 -2 1 .9 6 -4 9 .8 4 8 8 7 .6 151 1 80 .3 .5 7 .0 1 2 .9 1 2 .9 12 .9 1 2 .9 1 0 .8 2 8 .9
*1 45 57 -2 1 .9 5 - 4 9 .7 9 8 8 7 .7 152 180 .3 - . 2 7 .2 1 2 .9 1 2 .9 1 2 .9 1 2 .9 1 0 .7 2 8 .6
•* 45 38 -2 1 .9 5 - 4 9 .7 4 8 8 7 .7 152 182 .3 - . 4 7 .2 1 2 .9 1 2 .9 1 2 .9 1 2 .9 1 0 .6 3 0 .5
*• 45 59 -2 1 .9 4 -4 9 .6 9 0 87 .8 152 1 81 .b .5 7 .1 1 2 .9 1 2 .9 1 2 .9 1 2 .8 10 .8 2 9 .7
"  46  : -2 1 .9 4 • 4 9 .6 4 8 87 .8 152 181 .0 .7 7 .4 1 2 .9 1 2 .9 1 2 .9 1 2 .9 1 1 .0 2 9 .4
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R e s e a r c h  A v i a t i o n  i n  t h e  1 9 7 0 s :  

O p p o r t u n i t i e s  a n d  P r i o r i t i e s
Dennis W. Thomson

During less than a decade the Re
search Aviation Facility (RAF) has 
grown from a small research support 
group into a large, unique, national 
facility operating six diversely instru
mented aircraft. It annually provides 
sophisticated measurements support to 
more than 30 university and NCAR 
research programs. During the time the 
RAF has been developing, research avia
tion has matured from the bush to the 
big league. At one time it was possible 
fo r an observant pilot, sometimes 
acco m p an ied  by an inexperienced 
graduate student, to fly a scientifically 
successful mission. Today the scientific 
questions being posed frequently neces
sitate that for a mission to be produc
tive it must become a diverse coopera
tive effort including scientific, engi
neering, technical, and management 
expertise.

In retrospect, a subtle but dramatic 
revolu tion  has occurred. Our once 
quasi-two-dimensional atmosphere— as 
it frequently appeared on the basis of 
rad io so n d e  observations— has been 
fo u n d  to  be “ a liv e ”  and  four
dimensional. New measurement tech
niques, many of which require aircraft 
platforms, have enabled scientists to 
examine and develop an understanding 
of spatial and temporal details of the 
atmosphere which a decade ago would 
have been thought impossible.

What does the future hold for re
search aviation? Attempts to draft a 
flight plan for the future could become 
a futile exercise in detailed speculation. 
On the other hand, minimal study of 
the “weather” and research programs 
already scheduled could provide some 
useful guidelines in assessing future 
opportunities and priorities.

As the consequence of many scien
tific, economic, and political factors, 
one of the most important trends in the 
atmospheric sciences today— for better 
or worse— is toward large international 
m u lti-o rgan iza tional programs. The 
atmospheric sciences have reached a 
level of understanding and sophistica
tion where further significant progress 
in many areas appears most probable 
o n ly  through the truly cooperative 
efforts of many individuals. It will be 
possible to answer, without ambiguity, 
the theoretical questions now being 
asked only if the atmosphere is observed 
on an international basis and over a 
to ta l  sp e c tra l range never before 
a t te m p te d . Many requirements for 
highly detailed spatial and temporal 
observations of winds, temperature and 
moisture fields, the distribution of solar 
and terrestrial radiation and certain 
natural and artificial atmospheric con
stituents, and fluxes of momentum, 
heat, and moisture can be met only by a 
variety of highly sophisticated aircraft

measurement systems. Suitable aircraft 
systems are now being used or devel
oped by the RAF for programs such as 
the International Field Year for the 
Great Lakes (IFYGL), Wave Momentum 
Flux Experiment (WAMFLEX), GARP 
Atlantic Tropical Experiment (GATE), 
Air Mass Transformation Experiment 
(AMTEX), Regional Air Pollution Study 
(RAPS), and Global Atmospheric Aero
sol and Radiation Study (GAARS).

During the next three to five years, 
major field experiments associated with 
programs such as these will require a 
level of scientific and operational sup
port so great that they may seriously 
overtax our available— and finite—  
rese rv o ir of capable meteorological 
research aviation manpower. In this 
regard it is important to note that the 
RAF has a unique national role in pro
viding NCAR and university scientists 
with an opportunity to participate in 
observational aspects of large programs 
th a t  require aircraft measurements. 
Clearly, if these major programs are 
operationally successful and scientifi
cally productive, the framework for 
continuing and additional efforts into 
th e  1980s will have been soundly 
established.

Recognizing the contribution to large 
p rog ram s expected from the RAF 
during the next several years, one can 
justifiably ask: What will become of
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programs similar in scope and purpose 
to those which the RAF has supported 
since its creation? These programs range 
from  h ig h ly  specific investigations 
organized by individual university or 
NCAR scien tis ts  to large national 
efforts, such as the National Hail Re
search  E x p erim en t, which involve 
several aircraft for periods of two or 
three months.

Because some of these programs are 
already scheduled for the next several 
years, it is unlikely that demands for 
services in these areas will decrease sig
nificantly. Depending upon the extent 
to which individual university scientists 
participate in the larger programs, fewer 
requests from past non-NCAR RAF 
users may be forthcoming. However, a 
number of contributing factors indicate 
that it will be necessary for the RAF 
to continue supporting a variety of 
“ sm a lle r”  programs. These factors 
include:

•  The continuing necessity for speci
fic, high quality experiments which 
can further our understanding of 
fundamental atmospheric processes

•  The proliferation of university 
atmospheric science departments 
with research capabilities but with
out the economic resources neces
sary to develop major aircraft and/ 
or measurement facilities

•  The continuing development of 
sophisticated, indirect atmospheric 
sounding systems which can be 
q u a n ti ta t iv e ly  evaluated only 
th ro u g h  high quality  aircraft 
measurements

•  The necessity for training profes
sional scientists and engineers to 
intelligently gather and utilize the 
wealth of information which our 
contemporary aircraft systems are 
able to provide

A lth o u g h  already-scheduled and 
future programs of widely varying com
mitment levels will necessitate opera
tional and logistic support by the RAF 
on a scale much greater than it is even 
now  accustom ed to providing, the 
RAF’s real challenge and future rele
vance is not in successfully operating an 
NCAR flight service or a “National 
Scientific Airline.” The RAF exists

because aircraft provide a unique plat
form for transporting certain instru
ments through the atmosphere. If one 
part of the complex airborne system—  
in c lu d in g  sensors, electronics, data 
logging and processing, aircraft, and 
vario u s a sso rte d  homo sapiens—  
malfunctions, those critical measure
ments required to answer the scientific 
questions which originally justified the 
research flight will still be lacking.

During the next decade while mete
orologists are “doing their thing,” a 
growing segment of our contemporary 
society will, with increasing acuity, 
probe and examine the relevance and 
productivity of the physical sciences. 
Ultimately, unlike an airline, the pro
ductivity of the RAF will be measured 
not in the number of missions or hours 
flown but rather in terms of the impact 
o f  individual missions which contribute 
to the solution of scientific problems 
relevant to our complex society. Since 
its creation in the early 1960s, the RAF 
has clearly demonstrated how much it 
can do. The challenge of the future is to 
demonstrate how well it can do. •
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