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ABSTRACT

This report summarizes the field support and data analysis
and associated research performed for NASA Goddard Space Flight
Center by GUS Manufacturing, Inc. in support of the acoustic
grenade sounding program under Contract NAS5-20038 during the
period 7 February 197% through 31 October 1976. As part of NASA's
overall Meteorological Rocket Sounding Program, the acoustic
grenade technique is utilized to determine temperature and hori-
zontal winds in the 30 to 90 km altitude range of the upper at-
mosphere.

During the period covered by this contract, a total of 8
acoustic grenade soundings were conducted at two locations:
Wallops Island, Virginia and Kourou, French Guiana. Field sup-
port provided at these locations included deployment of the
large area microphone system, supervision, maintenance and op-
eration of sound-ranging stations; and coordination of activities.

Data analysis efforts included the analysis of field data to
determine upper atmospheric meteorological parameters. Profiles
for upper atmospheric temperature, wind and density are included
in this report in the form of a plot and tables for each of the
acoustic grenade soundings conducted during the contract period.

Research efforts were directed toward a systematic compari-
son of temperature data from acoustic grenade with other meteor-
ological sensor probes in the upper atmosphere. The comparison
study is published as a separate report, namely, Comparison of

Temperatures Obtained by Acoustic Grenade and Thermistor Soundings

of the Upper Atmosphere.
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SECTION 1
INTRODUCTION

1.1 GENERAL BACKGROUND AND PURPOSE

This report summarizes the field support, data analysis and
associated research performed by GUS Manufacturing, Inc., in sup-
port of the acoustic grenade sounding program under Contract
NAS5-20039 during the period 7 February, 1974 through 31 October,
1976. As part of NASA's overall Meteorological Rocket Sounding
Program, the acoustic grenade technique is the only one which
provides simultaneous determination of both horizontal winds and
temperature in the 30 to 90 km altitude range of the upper at-
mosphere. These data are used in determining statistical models
of upper atmospheric temperature and wind structure, in investi-
gating gravity wave propagation in the upper atmosphere, and i
interpreting and developing theoretical models for stratospheric
warmings, as Wéll as serving as ancillary information in support
of composition measurements conducted in the upper atmosphere.

The temperature and wind structure in the acoustic grenade
technique are determined basically by measuring the propagation
properties of acoustic waves and solving the inverse propagatidn
problem to deduce the températurevand winds producing these ob-
served propagation properties. The acoustic waves result from
rocketborne grenades which are ejected and exploded one by one
at regular predetermined intervals alongthe upleg portion of the
rocket's near vertical trajectory. The fundamental measurements

are the burst time and position of each grenade explosion along



with the time at which the resulting acoustic wave arrives at

each microphone in a ground-based sound-ranging array. The order
of arrival of the acoustic wave at each microphone determines the
direction of the associated ray. Tracing the ray path up through
the atmosphere to the grenade explosion point enables the cal-
culation of the average sound speed and horizontal wind components
in the layers between successive grenade explosions, with the
aQerage temperature determined directly from the sound speed.
Pressure and density profiles are then extrapolated upward begin-
ning with a known high-altitude pressure measurement via a simul-
taneous solution of the ideal gas law and the hydrostatic equation,

making use of the grenade-determined temperature profile.

1.2 SUMMARY OF WORK PERFORMED

The work performed by GUS under this contract is separated
into three areas, field support, data analysis, and research.
Field support consisted of supervision, maintenance and opera-
tion of sound-ranging stations; coordination of activities at
field support sites; and deployment of the large area micro-
phone system (LAMS) at the field support sites. Data analysis
efforts included the analysis of field data to determine upper
atmospheric meteorological parameters; the generation of a plot
and associated table for upper atmospheric temperature and wind
structure for each of the acoustic grenade sounds conducted dur-
ing the contract period. A summary table of temperature, wind

speed and direction, pressure and density and standard error was



also generated for each sounding. Research efforts were directed
toward a systematic cpmparison of temperature data from acoustic
grenade and thermistor soundings.

During the period covered by this contract eight acoustic

grenade soundings were conducted at two field support locations:

(1) Wallops Island, Virginia.

Six soundings were conducted; all were

successful.

(2) Xourou, French Guiana.

Two soundings were conducted; all were

successful.

The large area microphone system (LAMS) was ufilized in expanded
arrays at Wallops and in the sound—fanging station at Kourou, |
French Guiana. Since it is a very portable system, the LAMS
provides great flexibility in quickly assembling a sound-ranging
station at any desired field support site.

The analysis of acoustic grenade data to yield upper at-
mospheric temperature, winds, pressure, density, and the standard
errors assoclated with temperature and winds, continued to be an
important GUS function thfoughout the contract period. The final
results were generated into a format suitable for direct publi-

cation by NASA.



The theoretical study performed during this contract period
was directed toward conducting a systematic statistical compari-
son of temperature profiles obtained using acoustic grenade and
thermistor soundings to determine their degree of consistency in
measuring the temperature of the same parcel of air. This study
is an extension of a similar study previously conducted under
Contract NAS5-11576 using available data from 1960-1972. The
study was prompted in part by the requirement of satellite tem-
perature sensing systems for accurate stratospheric temperatures

for calibration purposes.

The comparison report is published as a separate joint paper
with NASA. It carries the title Comparison of Temperatures Ob-
tained by Acoustic Grenade and Thermistor Soundings of the Upper
Atmosphere by David U. Wright, Jr., NASA and Dan J. Ramsdale, Con-

sultant to GUS Manufacturing, Inc.

An abstract of this paper is included in Section 4.



SECTION 2
FIELD SUPPORT

2.1 INTRODUCTION

Two field support sites were used during this contract
period: (1) a fourteen microphone triple sound-ranging array
at NASA Wallops Station, Wallops Island, Virginiaj; (2) an eight
microphone triple sound-ranging array at Guiana Space Center

(GSC) at Kourou, French Guiana.

2.2 TFIELD SUPPORT

2.2.1 Wallops Island, Virginia

The Wallops triple sound-ranging array is shown in
Figure 1 . The thrée sound-ranging stations comprised the
Wallops triple array. The Main Base hotwire array of six micro-
phones were operated and maintained by Wallops personnel, while
GUS personnel assumed complete responsibility for the LAMS array.
GUS provided advisory personnel for technical consultation as
required.

The LAMS array comprised of eight LAMS microphones,
four located at Assateaque, two at Spandar and two at Main Base.
The two at Main Base were located with two of the hotwire micro-
phones to check the acoustic phasing between the two systems.
Very little difference was found in the two systems, making the

data compatible.
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2.2.2 Kourou, French Guiana
In March 1974 GUS personnel accompanied NASA person-
nel and other interested parties to the Guiana Space Center (GSC)
at Kourou, French Guiana to install the LAMS array and sound-
ranging station and recorded two acoustic grenade soundings.

The array at Kourou is shown in Figure 2.
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SECTION 3
DATA ANALYSIS

3.1 INTRODUCTION

The instrumentation and analysis techniques are reported
or referenced in Final Report for Field Support, Data Analysis
and Associated Research and Development for Acoustic Grenade
Sounding Program, January 1974, prepared by GUS Manufacturing,
Inc. for Goddard Space Flight Center under Contract NAS5-11576.
The same analysis techniqﬁés were employed in reducing the data
and preparing the following data plots, tables and summary tables

for the eight soundings covered by this present contract.

3.2 LIST OF SOUNDINGS

Plots and summaries are included on the next sixteen pages

for the following acoustic grenade soundings:

1. KXourou RGE 10.421 22 March 197u geu5 GMT
2. KXourou RGE 10.u422 22 March 197u 0930 GMT
3. Wallops RGE 10.413 24 July 1975 0520 GMT
4. Wallops RGE 10.407 7 August 1975 1610 GMT
5. Wallops RGE 10.415 19 Nov. 1975 1745 GMT
6. Wallops RGE 10.423 21 Nov. 1975 oull GMT
7. Wallops RGE 10.424 3 Dec. 1875 1657 GMT
8. Wallops RGE 10.410 4 Dec. 1975 0525 GMT
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EXPERIMENT 10.407

LAUNCH TIME 1610%Z

ARRAY NUMBER 19

DATE

WALLOPS

7 August 1975
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SUMMARY OF ROCKET GRENADE DATA

EXPERIMENT 10.415

LAUNCH TIME 17452

ARRAY NUMBER 19

WALLOPS

19 NOVEMBER 1875
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SUMMARY OF ROCKET GRENADE DATA

EXPERIMENT 10..423

LAUNCH TIME 04117

ARRAY NUMBER 19

WALLOPS

21 NOVEMBER 1975

DATE
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SUMMARY OF ROCKET GRENADE DATA

EXPERIMENT 10.424

LAUNCH TIME 16577

ARRAY NUMBER 18

WALLOPS

3 DECEMBER 1975

DATE
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SUMMARY OF ROCKET GRENADE DATA

EXPERIMENT 10.410

LAUNCH TIME 05257Z

ARRAY NUMBER 18

DATE

WALLOPS

4L DECEMBER 1975
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SECTION 4

COMPARISON OF TEMPERATURES
OBTAINED BY ACOUSTIC GRENADE AND
THERMISTOR SOUNDINGS OF THE UPPER ATMOSPHERE

ABSTRACT

The measurement of upper aﬁmospheric temperature using a
rocket borne thermistor is routinely performed at numerous lo-
cations daily all over the world. The temperatures measured
by the thermistor suffer from many errors (for example, radi-
ative, frictional and ohmic heating) and must be corrected to
obtain the true ambient air temperature. These corrections must
be determined theoretically for each type of thermistor payload
since they are quite dependent on the properties of the ther-
mistor and the way it is placed in the payload. As part of an
effort to provide ground truth data for satellite flyovers, a
series of Datasonde thermistor payloads was launched at NASA
Wallops Island nearly concurrently with acoustic grenade pay-
loads so that the temperature of the same parcel of the atmos-
phere could be determined by the three techniques at nearly the
same time. Both day and night launches were carried out to
isolate the effect of solar radiation on the thermistor payload.
This report details the results of the comparison of both the
uncorrected and corrected Datasonde temperatures with those ob-
tained by the acoustic grenade technique, a method whose temper-
ature accuracy is nominally +2 Kelvin degrees over the altitude

range covered by the Datasonde. The comparison data sets were

26



supplemented with archival sets in which the grenade and
Datasonde payloads were launched very closely together in time.
The corrected Datasonde temperatures compared well statistically
with the grenade temperatures; the differences between the two
were scattered about zero. Since the Datasonde correction
technique applies to altitudes below 70 km only, the uncorrected
data was used to estimate an empirical correction scheme for
data above 70 km, using the grenade data as the true temperature.
The results showed that at NASA Wallops Island the Datasonde
temperatures at 80 km are approximately 130 and 45 Kelvin degrees
too warm for day and night launches, respectively. Similar
analyses are presented for Churchill Datasonde/grenade launches

and for uncorrected Arcasonde/grenade launches at NASA Wallops

Island.



