Report T1-13 : May 1971
NATIONAL HAIL RESEARCH EXPERIMENT ~
ARMORED AIRCRAFT WORK PLANS - 1971

e““r
By: D. J. Mysil

Prepared for:
National Center for Atmospheric Research

P. 0. Box 1L70
Boulder, Colorado 80302

/‘ i
Institute of Atmospheric Sciences
South Dekota School of Mines and Technology

Rapid City, South Dakota 57701



1. INTRODUCTION . . .

1.1 Background and Objectives

1.2 Personnel . .

TABLE OF CONTENTS

¢« o

2. OPERATIONAL PROCEDURE . . . . -

2.1 Cloud Penetrations . . . .
2.2 Seeding Operations . . « »

.

3. DAILY BRIEFING AND DATA REVIEW SESSION

3.1 Location and Type of Briefing

3.2 Telephone Call
4, DATA SYSTEM . . . .

4,1 T-28 . . . . .
4.2 Radar . . + .

APPENDIX A « ¢« ¢ o« « o &
APPENDIX B . ¢ & « o« « &
APPENDIX C . « + o « « &
APPENDIX D . & « ¢ « o

APPENDIX E . & « o « » =

to Rapid City .

e o o o

LI

ii

Page

N

AN O W\ Wi E =gl \V]

-3

13
1h
15



1., INTRODUCTION

1.1 Background and Objectives

The South Dakota School of Mines and Technology (SDSM&T) armored
T-28 will be participating in the 1971 National Hail Research Experi-
ment (NHRE) Project under Subcontract No. NCAR 182-T1, along with
various other university groups and government agencies. The project
is sponsored by the National Science Foundation (NSF) under the
direction of the National Center for Atmospheric Research (NCAR).

These work plans are intended to be a supplement to the NHRE
OPERATION PLAN - Summer 1971 prepared by NCAR. They should provide
an elaboration of the T-28's participation in the 1971 NHRE Project
as given in the above document.

The objectives of this study have been outlined in Research
Proposal T0-5, October 1970. Briefly, the primary mission of the
T-28 will be to make measurements of updraft strength and composition
of high radar reflectivity regions of hailstorms. A secondary mission
will be to evaluate the T-28 as a possible seeding platform.

1.2 Personnel

Overall direction for the project will be provided by Dr. Richard
A. Schleusener, who is also principal investigator for the study. The
field observation phase of the project will be carried out by a pilot,
technician, and a project meteorologist.

These individuals are:

NAME TITLE
Dennis J. Musil Project Meteorologist
Wayne R. Sand Pilot
Kenneth E. Jasper Technician

In addition, William G, Myers, Research Engineer, will be responsible
for the installation and calibration of the meteorological instrumentation
aboard the T-28, including supervision of electronic technicians involved

with maintenance of the equipment. John H. Hirsch and James H. Boardman
will be responsible for the reduction of the meteorological data on the
PDP-8 computer and will assist in the interpretation of the data.



2. OPERATIONAL PROCEDURES

The primary mission of cloud penetration will be carried out by
the pilot under the direction of the project metecrologist within the
general framework of the overall NHRE Project. Decisions on flights
to be undertaken will be the responsibility of the project meteorolo~
gist, who will be located at the radar site at Grover during research
missions. The remainder of the crew will be on standby status at the
Cheyenne Airport. Telephone communications will be maintained between
Grover and Cheyenne to provide notification of an impending launch.

It is expected that several phone calls may be necessary on & potential
“"Go" day, in order to keep the T-28 crew sbreast of activities at
Grover.

2.1 Cloud Penetrations

A flight will be initiated when conditions in the cloud are such
that Phase III is imminent. As defined by NCAR, this occurs when the
mature thunderstorm attains tops greater than 35 K ft and radar reflec-
tivities greater than 40 dBz. The pilot will be given general infor-
mation to direct him to the vicinity of the storm, following which the
project meteorologist will relay IP information to aircraft control
located at Greeley. After tskeoff, climbout to 23.5K ft should be
made while flying to the project area and Greeley should be contacted
for specific flight path instructions for penetrations. It is also
possible to have radio communicetion between the T-28 and Grover via
frequency 123.05 at this time. ' h

The T-28 will be directed to make repeated passes beginning at
23.5K and progressing at 2K ft intervals to lower altitudes for each
successive pass until the 0C isotherm or cloud base is reached. Con-
tinual coordination will be maintained between the project meteorolo-
gist and Greeley to provide updated information concerning correct
flight paths.

Upon entry and exit for each penetration, the pilot will transmit
information concerning the penetration directly to the project meteorolo-
gist at Grover vie radio frequency 123.05. This will be done by use of
a STAH code developed by IAS personnel during 1970 and use of the event
code channel on the DL~620A system. The scheme is given as follows:

e
/

LINEUP

~ Start recorder and switch to event code 8.
- Time

Altitude

Heading

e aun
1



ENTRY
Switch to event code T at time of entry.
EXIT

Switch to event code 8 at the time of exit.

T - Time

Altitude

-~ Heading

- Hail encountered (yes or no)

- Ice crystals (yes or no)

Rain (yes or no)

- Turbulence remarks

- General remarks

- Stop recorder and switch to event code 9.

oD
1

The above information, which will be recorded by the project
meteorologist as well as on the voice recorder in the 7-28, will
provide valuable information necessary for an after-the-fact recon-
struction of the mission. A copy of the recording form to be used
at Grover is included as Appendix A. Pertinent information considered
important by the pilot can be placed on the voice recorder at any time
by operating it independently of the system described above.

The event code channel on the DL-620 system must be used to
provide information required for computer reduction of the data.
The meaning of the codes is given as follows:

DIGIT EVENT
9 Qut of cloud, recorder in l-min mode. Use
during climb and descent.
8 Use during lineup prior to cloud penetration

and upor exit from a cloud. Recorder
switches to continuous mode and Kyle device
is turned on. A yellow button has been
instaelled to switch to this code.

T In cloud, continuous mode. A white button
has been installed to switch to this code.

P Other digits are available for other events; however, it is felt
/ that time restrictions on the pilot will be such that only the simple
" scheme shown above can be meintained.



When the OC isotherm has been reached, a climbout will be made to
23.5K ft and further penetrations will be made provided enough fuel is
available, It is reccgnized that it mey be necessary to delay succes-
sive penetrations at any point to allow for the melting of structural
ice, even thoagh this did not constitute a major problem Quring 1970.
Naturally, the pilot will have the final decision on any matters dealing
with flight safety.

Top pricerity for flights of the T-28 will be within the project area
of NHRE. On days with no thunderstorm activity in the NHAE area, the
project meteorologist may order additional flights into neighboring areas.

2.2 Seeding Operations

As of the date of these work plans, the latest informalion
concerning seeding operations is given in a letter to Dr. Guy Goyer
(NCAR) from Dr. Richard A. Schleusener, dated 20 May 19T1. A copy
of that letter is included as Appendix B.



3. DAILY BRIEFING AND DATA REVIEW SESSION

Although NCAR plans no regular daily briefing session, it is
planned for IAS personnel to have a daily briefing and data review
session. In addition to providing a weather forecast and a review
of the previous day's activities, it is intended that this meeting
identify various problems affecting the project and seek possible
solutions for them.

3.1 Location and Type of Briefing

If the T-28 has flown on the preceding day, the pilot and project
meteorologist will travel to Grover and review the operations of the
previous day using the computer display system. Other members of NHRE
will be urged to participate in this review if they desire. Further-
more, the pilot will be able to attend the daily weather forecast
provided by NCAR at Grover before departing for Cheyenne to prepare
for the new day's mission.

If the preceding day was a "No Go" day, the briefing will be held
in Cheyenne at & point to be specified by the project meteorologist,
prior to his daily departure for Grover. Information for a weather
forecast is available at Cheyenne, but is intended for guidance pur-
poses only, sinee NCAR will be providing a daily forecast at Grover.
Data gathered by the T-28 will be reviewed at these sessions. A tape
recorder will be made available to the pilot to obtain a record of
his comments following each flight. The project meteorologist will
use a second recorder to provide a record of his activities at Grover
and to prepare summary of the day's operations. Other members of the
IAS crew will provide daily summsries of their activities also. These
items will not be available in written form at the briefing session
but they will provide a written record of activities for the project.

3.2 Telephone Call to Rapid City

Initially it is planned that the project meteorologist make a daily
phone call at 0800 to Dr. Schleusener at Repid City to discuss any prob-
lems which might be appropriate and to meke a status report on IAS
equipment and certain NCAR equipment at Grover. A copy of the status
form showing the various items requiring e report is included as
Appendix C. The conversation will be recorded at Rapid City and typed
to become a part of the permanent record for the projlect.



%, DATA SYSTRM

L1 T-28

The data system on the 7.28 includes sensors to measure meteorological
and aircraft parameters., These parameters are sampled and recorded at
a rate of 2.4 records per second with each record containing 20 channels
of data from the various sensors.

The data recording system on the aircraft is centered around a
Metrodata Systems DL-620A digital megnetic tape recorder. Meteorological
and aircraft data in analog form are used as inputs to the recorder.
These data are processed with a self-contained analog-to-digital con-
verter and multiplexer, then recorded on 1/4 in four-track magnetic
tape cartridges for computer reduction and analysis.

Some of the parameters availadble from the system are: altitude,
air speed, rate of climb, vertical acceleration, temperature, liquid
water content, raindrop sizing, aircraft position, and time.

Plans have been made to ship the recorded éata to Rapid City for
preliminary reduction eand apalysis on the FDP-8 computer, A proposed
shipping schedule for these Faa has been presented in memcrandum for
the record, dated 25 May 1971, and is imcluded in this paper as Appendix
D. A reasonebly fast turnaround time will result in data for use by
project personnel located at Cheyenne, as well as ascertaining that
the aircraft instrumentation system is fusctioning properly. Reduced
data returned to Cheyemne includes photographs of a computer-generated
display of selected parameters and a hard copy (teletype form paper)
printout, in engineering units, of any or all of the data recorded by
the instrumentation system.

k.2 Readar

The radar system, including the computer display system, being
provided by NCAR bas been ocutlined in detall in the NHRE OPERATION
PLAN and will not be reproduced in this paper. Since the data avail-
able from this system is uncertsin at this time, specific data to be
obtained is pot presented. Instead, s memorendum wvhich outlines radar
data support required for T-28 operation is included as Appendix E.
These data are requirements if the computer display sysiem is opera- ~
tional. If it is not, other requirements will have to be identified. /



APPENDIX A

Netional Hail Research Experiment

(Armored Aircraft) Date
STAH CODE FORM
:.I % 1 (]
Il | |
Grover | A/C Turbulence General
Time Time | ALT | Heading|| | Hail Ice | Rain Remarks Remarks




APPENDIX B

_IR ;@;‘_"
Dr. Guy Gever, Trogran Seiertist

sevwcratory of stmospheric sciences .

Sationel Center for Atmospheric Research

P, 0. Box 1kT70 . -
Boulder, Colorsdo 80301 .

Dear Dr. Goyer:

Enclosed is a §uggested revised dre’t of the operational procedures
for the T-28 missions. " The changes suggested are {ntended to clarify
notification ard communizetion channels. ard slso to indicete that the
measurenent procedures woulé follow the nermel routine omee the seeding
run{s) wes completed. :

I have strong reservetions on the probability of success ir beill
suppression if seeding is iritieted after the reflectivity reaches 55 dbZ.
Tor this reason, 1 enccurase you to give at least ecual emphasis to the
secding of the feeder clouie merntioned in the seconi-to- last paragraph
of the draft document. :

We loock forward to ao {rteresting summer,

Sincerely yowrs.

Ricrtard A. Schleusener
Director

RAS:ry
Enclesure
cet DL, J. Musil’

¥. K. Band

bee: A. S. Dennis



CLOUD SEEDING

In surmer 1971 the SDS armored T-28 will be tested .s pletform
for injecting nucleant in the voluxe of cloud snd at the time considered
best for cortimum effects. The nmeneuversbility of the aireraft in delivering
rucleating sgents 8t & specified tize and plece wiil be evalusated.

The Y-25 will carry 4 pyrotéchnic fleres on wing racks. Fach flare
cerries SO £ Agl end burng in 20 seconds with an efficlency of ebout 1012
nuclei per gram Agl at -1¢°C, The objective Is to deliver the nuclel at
an altitude where fhe cloud temperature is -2. 0°C and in the major updreft

A decision vhether or not to atte:pt to seed will be made by the
KERE Operations Director each day prlor to 1100 MDT. The decision will
" be relayea to the IAS project meteoroliogist at Grover, who will in turn,
inform the T-28 pilot at Cheyenne, 80 tpat seeding devices can de autached
-torthe T»28 prior ﬁo takxeoff. The seeding experiment will be incorporated
" within the observation of tke severevstorm.

When the maximus radar reflectivity reé.ches 4O dbZ, the T-28 will be

seranbled by 4he TA3 project rmetecroicgist and directed towards the test

gtorm. Crever radar will meaitor tne aaxinun reflectivity in the storm
end the meximm refleotivity et the 33,000 ft. level. {Tne 30,00C 1%.

level is selected because it is believeld thet nev neil tesring cells are
. i

/ .
detecteble by radar at this level.} At the came time, the ¥Wyoming C-k5

H

will locete the mé;or updraft end sessure its veriables et cloud bese.

[}

-
LSy

Il‘)

Grover vill 4rack teth the mex 7 at 00 ft. and the major updraft



After the T-28 is laurched from Cheyenre, the pilot may give reports
of his visual otservations c© clouds to the IAS prcject meteorologist
et Grover via 123,05 mhz.
When the maximum reflectivity in the storm reaches 55 dbZ, ;nd the
rrobebility cf :Eﬁ test case being & hailer is kigh, the T-28 will be
' requested to make & seeding vess through the clcud at en altitude
corresponding %o s temperature of ~2¢: (Th;s will be estimated by
adjust?ng the”altitudé of the T-28 to a texperature of -5C ambient air
- tempersature cutside, the cloud.) >An attempt'will be made to vector the
-.T-28 through tﬁe major updraft below the max 2 at 30,000 £1; end
,perpéndicular to the directicn of storm moﬁion.' The coor@inaﬁes of the_
© max Z &t 30,000 ft. and the track bearing'Qili te gifen by the IAS.meteofom
‘:;ogist et Grover Lo the eirersft controller at Greeley to enable the Gregley(
‘-cbnt¥ollef to vecter the T—QS into the desired positiéﬁ of the storm. '
Affer the cloud penetration is begun, the piiot vill begin to seed a3
scon es he encounters updreftis exceeding 1000 feet per minute. fhe F-101
will make simulewrecur wenetrations at cloud t&p.
After corrlefion of the seeding run, the T-28 wili resune its primary
niseio# of rekirg memsurererss in lhe clouﬁ,.fclloving the normal procedure

ng/sucr':easu:sserts. (25 svecified on page 1f of the yreliminary work

plans of the aircraft cbeerveticnal program.)



-3 -

Initially the T~28 will rot be requested to penetrate storms exhibiting
& meximum radar reflectivity greater thsn 60 dbZ. As experience is gained,
this limitation may be removed 1f {t becomes chbviocus that the aircraft cen
safely penetrate storms of higher reflectivities. |

Initially 20 fleres (1 kg AgI) will be turred on one pass in order
to increase tre probabiliity of observing effects on redars anﬁ eircraft,
through cne large pulse of freezing nuclei. Other treatment rates ma& be_
used later in the seé%én.

After thé seedin.p;ss, the T-28 and the F-101 will make measurement
yasses, using ﬁheir normel procedures, in en effort to detect ckanges
frasulting ?rcm seeding) in the cloud veriables, -The C—hsbwill‘continue
1nyeaﬁisating the updraft at cloud base. | '

The ground teams wiil be informed of the time and location of
’séeding‘and will be requested to take precipitaticn sagples downwind forr
sllver lodide enelyeis.

This prcesdure for seeding applies to mature froot feeding storms

o+

expected to procagste eest of the mcountains in the western helf of the
exrerimentel s=rea. Greassionelly one observes beck feeding steorms with tkre

rein updraft in the right resr guaérent (usuailv the socuth side) of the

9]

storm. It the cccsslon eriscs, these new towers will De seelel in the same
/

rroner as the froct feedlng storss., Same seeding rums msy also bte meds

below the base of the cloude. Visual navigstior (s expected to be necessary

when the new towers 4o not exkitit e radsx» eehc.



Since this seeding systen has not yet beer tested, the outlined

procedﬁre will remain flexible erough to permit optirizetion of the

procedure from £iight to flight.

Richard A, Schleusener
20 Mey 1971



APPENDIX C

EQUIPHMENT STATUS

NATIONAL HAIL RESEARCHE EXPERIMENT
- (ARMORED AIRCRAFT)

EQUIPMENT
Radars and Communications

M-33 track (X-band)
M-33 Acq (S-band)
NCAR-CP1 (S-band)
NCAR-CP2 (S-band)
Computer Display Systen
123.05 Radio )
Other

Aircraft

T-28 (510 MH)
NAV/COM

DL 620

Hail Camera Systen
Kyle Device

Other

Go
Go
Go
Go
Go
- Go

Go
Go
Go
Go
Go
Go
Go
Co

STATUS

Lim
Lim
Lim
Lim
Lim
Lim
Lim

Lim
Lim
Lim
Lim
Lim
Lim
Lim
Lim

Out

DATE

Out .

Out
Out
Cut
Out

Out
Out
Out
Cut
Out
Out
Cut
Out

REMARKE




APPENDIX D

25 May 1971
MEMORANDUM FOR THEE RECORD
FROM: Dennis J. Husil

SUBJECT: Proposed Shipping Schedule for Data Between Rapid City and
Cheyenne

REMARKS :

Following the routine esteblished during 1970, data gathered by
the T-28 on Metrodats DL-620 digitel data tepe will be shipped via
commarcial alriines ¢o Repid City for analysis, vwith reduced data being
returned to Cheyenne for use by IAS personnel located there for the

1971 BHRE Project. The proposed shipping schedule is baged on current
f14ght schedules from Rapid City and Cheyenne.

Since the lest f1ight Separts Cheyenne at 1715 MDT, date gathered
on eny given NHRE Project day will likely be too late for shipment on
thet flight. Therefore, the tape will have to be sent from Cheyemne
on the 0813 MPT filight and will arrive in Repid City at 1202 MDT.

In order for reduced data £o be bdack in Cheyenne with an approximate
sl-hour turn arcund time, the date would have to be progessed prior to
1645 MDT on the seme dey it srrives in Rapid City. It sppears that this
would present a conflict with Project Cleud Cateher for use of the PDP-8.
A more resilstic return time would be ou the Frontier light departing
Rapid City at 0645 MDT on the following day. In this vay, reduced dsta
would reach Cheyemne spproximately 48 hours efter the time it was gethered.

Tape shipments from Cheyenne will be mede on Tuesday, Wednesday,
Thursdsy, end Fridey mornings, vwhenever dote hes been gathered en the
preceding dey. Data gathered on Frideys #4111 be hand carried to Repid
City by returning project personnel. In the event the trip cannot be
mede, this tape will be shipped on Saturday wornling. '

Processed date being returned to Cheyenne should be shipped on
¥ondey, Tuesday, end Vednesdoy ouly. Dats resady for shipment on Thursday
end Friday should be held in Rapid City for pickup by IAS persomnel
r?tmmg %o Rupid City on weekends. ‘

‘ DJM Sms

ge: R, A. Schlsusener
F. H. Bipsch
J. B. Bogxdizan
G. Peterson



APPERDIX E

MEMORANDUM
24 Mareh 1971

T0: R. A. Schleusener
FROM: D. J. Mueil
SURJECT: Outline of Support Regquired for T-28 Operstion in Colorado
HEMARKS ¢

Following is a descripbion of the support requirements now known
for the T-28 operation in Coleramdo in comnection with the NHRE 1971

field project.

Trangportation, Togistics, and Commumiecabion

i. Trenmeportetion for the projsct metecrclogist from Cheyemne to Grover
in the wmorning shd vreturn in the evening.

2. Comtinuvously upgraded information from the RHRE projsct direcior
in Grover specifieslly designeting the %est cese; lsunch of the
T~28 will be ordered by IAS project mt%rc)egisu zfter cocordina~
{ion with the WHRE project director.

3. Access to the hot 1lime from cur project meteorologlst to the sircralt
coordinator at Grecley and a 123.05 me commmnication link for the IAS
project meteorologist to the $.28, {We will plan to provide this
transcelver at Crover.)

b, Access to & displsy console end compuber 170 keyboard giving waricus
redar end aircraft position date as cutlined bel ow. These reguire~
ments are given below in terms of "real time" and “post-analysis”
8si8.

Pyne of Displeys Desired in “Real Time"

i. Contipvously upgredsd S8-band CAYPI displays of reder reflectivity
with contouvs in 10 diz ms’L@i"@T"‘ from 30 @Bz a% 1,000 £% intervels
from 10,000 £& MBL to storm top, whi eh sre conbrollsble Wy the IAE
praject m@tcamlagz.@t, s

2. %he peth of the T-28 ghould be shown on e map for the last flve

pinnbes . or for s longer time perlod if specified.

.' - Go ok &
ot of the meximon reflectlvity in

4 o
every % winutes. The position of the
g

fad

&

’C?

o ghown in alphenumerdic characters
igtance {rom the present position of

P
a1
3

in terms of dlrection and
the sirerafs and bearing and distance from the Gill YOR. Thus

»

the position of the meximm reflectivity chould be specified on



s
g

slaey console with referencs o mognetic north sud navtiesd
alreraft and from the Giil VOR. For exsmple: "140°

207 B0 nowd TR GILL."  ALL sltitudes should be glwsu

on sny section and ab eny

nee radar reflectivity by sbowing
e & y Llong of the uwvense veflectivity contowr &l
time O, O minve 10 minvben. and O minus 20 minutes.

£, Magnetie north should he shown on the cempuiteyr display with true

1. Llspley on call ¢he

PeEpeet %0 the

bt

vitude of other project sircrafi
ing the posltion for the moet
madable to LS-minute pericds

@ K

LR 2 sobual «lod Lt should be vislble from

sole pozlti vresented on the consgele should
hew old in terme of presenting the

GOE and airerait) date wevs obialned,

2 were teken.

G leetivity daba for & smaller

28 on demand from display

§ = =
TRr F e
ST

s ot
To0m

B A LS
st tae §r




