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ABSTRACT
21
The two Project High Water experiments have produced
optical, ELF, radiofrequency, and radar data essential to
understanding the effects of data releases of large quan-
tities of water in the ionosphere. Extensive cross corre=-
lations were found between the various frequencies of
acquired electromagnetic data, These data have been analvzed

and a physical model! of the expansion process has been devel=-
oped., Results of the analyses demonstrate that:

(1) Extremely low temperatures will be generated
by the evaporation-condensation-sublimation
processes, These temperatures will depend
upon the type, and quantity of liquid released,
and upon the ambient conditions into which the
release is made,

(2) The maximum velocity of the expanding i{ce-water
cloud approximated 1.83 km/sec. However, a
perturbation wave associated with the liquid
release possessed a velocity as high as
3.60 km/sec,,

(3) Considerable turbulence is associated with the
sudden release of liquids into space,

(4) Telemetry attenuations can result from inhomo=
geneous regions within the ionosphere,

(5) Considerable doubt was raised concerning the
possible existence of ice in space.

The attenuation effects were found to be both frequency and
directionally sensitive, Thus, electromagnetic observations -
provide a technique for investigating inhomogeneous regions

fn the ionosphere,.
Lﬂ6



TABLE OF CONTENTS
Page
ABSTRACT ® S 08 O O I 0 O P O GG O S PO EP OO S OSSO0t e ® 0 0 ® 00 00 0 2 0 i

TABLE OF CONTENTS L .veuieseonavessesscoerscosancsanenoas i1
LIST OF TABLES .uuvvevvnescusonnoscanccassassoononssons 11
LIST OF FIGURES +.vvvesevonrcrnnnosossosonoonnonsscnsas 1V
1,0 INTRODUCTION L .iuiiuiieervosonsnnsesssnsssorocasenas 1
2.0 RESULTS OF PROJECT HIGH WATER ....cvevvsevacscvnns
3.0 OPTICAL OBSERVATIONS ....cieeiveerrrocrveasovocons
3.1 Instrumentation .....ceeeeeeeaceososnsssenacs
3,2 Visual Observations ....ceeecoceescrocoscsassns

3.3 Photographic Analysis ....ievveveesroccaoncnce
3.4 EXpansion Rate Ana‘ySiS vnooocoaoooon-.-n-oo\.e

~N\VOoO~on Oy F

4,0 RADIOFREQUENCY ELECTROMAGNETIC OBSERVATIONS ..... 35

4.1 Ionosonde Observations ......eoceeevesceceses 30
4.2 Electromagnetic Noise Observations ......... 40
4,3 Telemetry Signal Level Records .....eeeveees 44
4.4 Noise and Field Intensity Measurements ,.... 45

4, Static Direction Finder System .....c.c000.. 50
5'0 CONCLUSIONS .....‘...".O...'..“......l......... 52

Model of Liquid Release in Space .....ceeees 53
Ionospheric EFfects ...evececeecesacacasasss 00
Electrical Effects ...oceecevesecososnnassess 01
Importance to Space Exploration ....cevvee.. 62
Need for Further Experimentation ........... 063

QO VW=

APPENDICES
Ionospheric Conditions ..veeeeveeereeoenenas 67
Optical Instrumentation ......iieeennscesees 69
Hydrodynamics of Expanding Liquids ......... 70
Charge Separation Processes in Project

High Water ® @ 8 6 008 8 008 0 00 20 A ot o0t Ss e e 75

QWP (G IRV RVI RO RGIR 2

REFERENCES

ii



TABLE 3.1
TABLE 4,1

TABLE 4.2

TABLE 4.3

TABLE 5.1

TABLE 5.2

LIST OF 700 70

S* i1n Courdinates ...eeecececsccenss

Relative Amplitude of Noise
Observations ..ceieeeeceesece

Amplitude of 3kc/sec Band Centered

at 15 RC/Seco ? 8 08 00 0 8 00000

€ o s v o0

® 20 08 0 0

Signal 8trength of 18 kc/sec

WWY Carrier vveeeeeeeeescees

Maximum Expansion Rate of
Ice-Water Cloud .....c00...

Atmospheric Properties ....

¢ o v 0 00

¢ . &8

¢ o0

¢ o 0o n

46

47

56



FIGURE

FIGURE

FIGURE
FIGURE

FIGURE

FIGURE

FIGURE

3.20

3.21

3.22
3.23

3.24

3.25

3.26

Water Escaping from Third Stage
at 340739 Seconds e 0 & 0 9 ® & 5 0 0 09 & 0 8 ® 0 SO o0 s

Motion Picture Sequence of SA=2 Water

Release Experiment Project "High Water" .......

Velocities of Edges of the Cloud ...ecoveceecnse

Velocities of Cloudlets within

CIOUd StrUCtUre € 8 8 0 98 60008 6 06 0606060060000 05000500000

Velocities of Cloudlets within

CIOUd Struc.ture 0 0 8 065 0 0606 60068020 0 00084000 000

Velocity of Cloud Edges and

Interna' C'OUd'ets ® 8 € 0 & 0 0 6 0 6 0 0 8 P 0 G0 0SB0 00l 0

Radial Velocity of Cloudiets ... c000eces

Page

25

26
28

30

31

32
34



1.0

Introduction

In two of the early test flights of Saturn launch
vehictes, water was used for ballast in the upper stages
to simulate expected future payloads. The second and
third stages included one tank each containing 44,000
and 42,000 kg of water, respectively. The tanks were
designed to simulate boost phase flight characteristics
expected in future missions. In the SA-2 flight, the
second stage tank was split longitudinally at an altitude
of 105,33 km. The third stage had a series of ports one
foot in diameter opened up by primacord discharge (Ref., 1).
(This differed from the SA=3 flight, in which both upper

stages were split longitudinally at an altitude of 165 km).

Several scientific objectives were considered possible
with a High Water experiment (Ref. 2,3,4). These objec-

tives were:

A. Investigate the effect of a large perturbation
in the ionosphere,.

B. Investigate noctilucent cloud effects.

C. Investigate the behavior of ice in space.

D. Investigate ionospheric wind (Ref. 5).



1.0

Introduction (cont'd)

The SA-2 flight occurred on April 25, 1962 from
Cape Canaveral, Florida. A map of the relative locations
of the taunching site and observation stations is shown
in Figure 1,1, Water release was executed at an altitude

of 105.3 km and a ground range of approximately 80 km
(Ref., 1).
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2.0

Results of Project High Water

Project High Water has proven to be one of the most
outstanding experiments yet performed for obtaining direct
data on some of the very important physical aspects of the
ionosphere and deeper space., This project has yielded the
first quantitative data on the effects of releasing large
quantities of liquids into the ionosphere, an event that
could be caused by rupture of any liquid=-carrying space
vehicle, In addition to this primary objective of the
project, data obtained from the High Water experiments are
applicable to a number of other important areas in the
development of space research and exploration. Some of
the principal contributions of Project High #Water to space

science are:

1. Generation of a model of the physical processes
that occur when large quantities of liquid are
released in the near-vacuum of the ionosphere or
deeper space,

2. Insight into the physical nature of noctilucent
clouds,

3. 3Support of serious doubts to the theory of the
existence of water on the moon,

4, Provision of data raising a number of serious

questions concerning the "ice theory” of comets,



2.0 Results of Project High Water (cont'd)

5.

Synthetic production of an inhomogeneous region

in the ionosphere, providing information, and
possible explanations of observed:
(a) telemetry attenuation, and

(b) effects of ionospheric perturbations, and

Provision of evidence of applicability of ELF
spectral observations for the investigation and

identification of inhomogeneities in the

ionosphere,

The scientific importance and engineering value of the

data that can be obtained from fully instrumented Project

High Water type experiments should not be underestimated.



3,0 Optical Observations

During the High Water operation optical observations
were attempted by:

(a) Direct observation

(b) B.C. & cameras

(c) Motion=-picture camera

(d) Optical spectrometer

(e) Radiometers

Many of the instruments obtained no data or only
partial data. However, some of the motion picture cameras
obtained excellient data of the expanding ice-water cloud.
The data gathered with the optical spectrometers or radio=-

meters has not been made available,

Instrumentation

Optical observations of the "High Water" experiments
were obtained both from the surface of the earth and from
aircraft located at various altitudes and positions.

Natural cloud cover blanked observations from some locations,
resulting in the loss of spectrographic data except from
some airborne instruments, The best optical data was ob-
tained with the 70 mm, 180 inch focal length camera operated
from False Cape. A series of frames of the pictures of the
expanding ice-water cloud obtained with the False Cape 70 mm
camera is shown later on in this section. A compliete list

of optical instrumentation and the mode of operation of the



3.1 Instrumentation (cont'd)

High Water I experiment (SA-2) is shown in Appendix B.
Geographical locations for the principal ground based
camera sites are shown in Table 3.1. The coordinates
shown in Table 3.1 and the coordinates of the water
retease (Lat., 28.39413°, Long. 79,74769° and altitude
105.265 km) resulted in the coordinate system for

determining the velocity of expansion of the ice-water

cloud.
Table 3,1 Station Coordinates
Station Item No, Latitude Longitude Elevation
Deg Min Sec Deg Min Sec Feet

False Cape 1.2=64y 28 35 6.4 80 34 43 41
U242L90(Cape Kennedy) 1.2-T1u 28 31 28.3 80 34 35 -
Wifliams Point 1.2-65u 28 26 58 80 45 45 57
Patrick 1.2-67u 28 13 36 80 35 59 38
Melbourne Beach 1.2-68u 28 02 57 80 32 55 39
Vero Beach 1.2-69u 27 40 37 80 21 48 12
Grand Bahama Island 26 39 15 78 55 59 5.6
Nest End
Pelican Point 26 38 33 78 06 48 22.3
Gold Rock Creek 26 36 14 78 22 19 25

3.2 Visual Observations

An excellent chronological recording of the visual
behavior of the water release was obtained by Mr. James

W, Carter of the Warshall Space Flight Center. Mr., Carter

7



3.2

Visual Observations (cont'd)

was an observer on an Air Force jet. In a tape recording
made at the time of the water release he stated that the
aircraft was at flight level 427, about 150 miles due
south of Cape Kennedy, with an air speed of 225 knots

(Ref, 7). The following description is quoted from Mr.

Carter's commentary at the time of the water release.

"There goes the explosion. Very slight vapor
cloud expanding quite rapidly going to about
twice the size of the moon. There is a very
smal!l dot about the size of a flat pin head
and it is now in the process of dissipating.
Vapor cloud dissipated very rapidly in about
10 seconds and is completely dissipated at
this time. There is still left at the explo-
sion site a very small pin head point of
whiteness., There's no reflection, no fluo-
rescence.”

Several minutes later, upon reflecting what he had seen,
Carter recorded:

"However, there's one summarizing comment (now)
that 1 have had a little chance to think about

it - comparing the size of the vapor cloud to

the moon., I originally thought, just from

making a rough estimate or instantaneously
viewing it, that the vapor cloud expanded (to)
about two and a half times the diameter of the
moon as I can presently see it. However, on
giving this a little more thought it appears as
if the could actually expanded to about a diameter
of between 4 and 5 inches on the canopy windshield
of the cockpit which means it expanded to about
20 times the diameter of the moon and it appeared
to be quite circular in all respects. 1t was

not enlongated or elliptical or anything of this
nature, It appeared to be quite circular from
everything I could see of it."



3,2 Visual Observations (cont'd)

3.3

Visual observations were also recorded from G.B.I.
(Ref, 8). Five of the G.B.I. station staff observed
the water release and the resulting ice-water cloud,
Independent written statements obtained from each sub-
stantially agreed on the following:

(a) Time of first visual observations: T+164 + 1 sec.

(b) Duration: 3 - 20 seconds (extreme estimates)
5 seconds (probable value)

(c) Color: white

(d) Brightness: brightness was initially comparable
with bright cumulus clouds, decreasing
as the cloud diameter increased;
perhaps a small dark center

(e) 3Shape: circular

(f) Growth: very rapid

(g) Size: 20 to 7°

(h) Motion: perhaps some motion along missile
trajectory

These reported visual observations are in accord with
those obtained in laboratory experiments prior to the High
Water Operation (Ref. 6,9). ithen small quantities of water
were suddenly released in a space environment chanber at

pressures of IO"4

mm Hg the visual observations were only
momentary. However, these observations showed an extremely
rapid spherical cloud expansion.

Photographic Analysis

Analysis of the photographs obtained from three different

locations shows the time development of the structure of



3.3

Photographic Analysis (Cont'd)

the ice-water cloud, The locations of the stations used
for this study of the cloud development, relative to the
point of water release are shown in Figure 3.1. The'y"

direction is along the trajectory of the vehicle (Ref. 5).

Figure 3.1 shows that the planes of the observations
are nearly perpendicular to each other for the False Cape
and Melbourne Beach films, The Vero Beach film shows a

slightly more head-on view of the cloud.

As previously mentioned, the best photographs of the
water release from the SA-2 vehicle were obtained from
False Cape, A series of these pictures is shown in
Figures 3.2 through 3.14, Figure 3.2 shows the SA=-2
vehicle 12 milliseconds before it was exploded to release
the water, The following frame of the motion picture film
was exposed 21 milliseconds after the explosion and is
shown in Figure 3.3, Several very interesting aspects can
be noticed in Figure 3.3. Four faint rays extend from the
nearly circular cloud, These rays are distributed uniformly
around the cloud. Careful inspection shows a slight haze
distributed between these rays. There are also four cloud-
lets visible within the cloud structure., The cloudlets are
also uniformly distributed around the cloud but are offset
nearly 300 from the rays. Both the rays shown in Figure 3.3
and the haze are considered to be results of the explosive
charge. The denser ring and the system of cloudlets con-

sist of the expanding liquid, This liquid was composed of

10
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Figure 3.2.

SA-2 Launch Vehicle just before
Water Release
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after felease (False Cape)




3.3

Photographic Analysis (cont'd)

44,000 + kg of water, 3,400 kg of fuel (RP-1) and 4,600 kg
of liquid oxygen., Laboratory experiments show that these
other constituents of the released liquid behave very

simitarly to water (Ref, 10).

Figure 3.4 shows the expanding cloud 38 milliseconds
after the liquid release, All evidence of the four spikes
and the haze have disappeared. A rather sharp cloud struc-
ture is now evident, The four cloudlets have rotated until
they are oriented approximately along the lines of the
original spikes, This orientation then remains constant
as long as the cloudlets are identifiable., At the time of
the liquid release an angular momentum was imparted to the
launch vehicle and also to the escaping liquid. (Ref. 5).
Thus the rotation of the four cloudlets and the subsequenf‘
stabilization demonstrates the rapidity with which the
cloud stabilized with the ambient, except for its internal
dispersive and turbulent activities, An internal cloud
ring is seen to be forming and several regions of material
concentration are observed in Figure 3.4. The motions of
two of these cloudlets were analyzed until they dissipated,

to obtain their expansion velocities.

Sixty-six (66) milliseconds after the time Figure 3.4
was obtained the clouds were as shown in Figure 3.5, No
very significant changes occurred within this time interval,
However, the outer limits of the cloud are now more diffuse

and the cloud structure more definite. The inner ring is

13



Figure 3.4, Ice-wWater Cloud 0.0838 Seconds
after Release (False Cape)

Figure 3.2. 1ice-uater -2loud 0,154 seconds
after Release (False Cape)
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3.3

Photographic Analysis (cont'd)

now the principal observable feature,

During the following 134 milliseconds the cloud con-
tinued to expand as shown in Figures 3.6 and 3.7. One of
the interesting aspects of these figures is the increased
reflections of the inner cloud structure. Turbulence and
condensation effects can now be observed within the structure

of the cloud,

Figures 3.8 and 3.9 show the cloud at 454 and 722 mitli=
seconds after the liquid release., A unique feature of Figure
3.8 is the bulge that develops toward the lower right-hand
portion of the cloud, This bulge expanded outward much more
rapidly than the inner, more reflective portion of the cloud.
In both of these figures the effect of turbulence and the

condensation-evaporation processes are evident,

By 1.155 seconds after the liquid release, the cloud has
begun to expand beyond the field of view of the False Cape
camera, This condition is shown in Figure 3.10. The cloud-
let structure is very evident in the outer portions of the

cloud,

As the cloud structure dissipated, the release of
liguid from the third stage of the SA-2 vehicle could be
observed., At 4,379 seconds after the first liquid release,
the water escaping from the third stage could easily be
detected, as shown in Figure 3,11, Fiqures 3.12, 3.13, and

2.14 show the escaping liquid at 7.345 sec., 10.279 sec.,

15
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Figure 3.6. Ice-Water Cloud 0.221 Seconds
after Release (False Cape)

Figure 3,7. Ice-Vater Cloud 0.283 Seconds
after Release (False Cape)
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Figure 3.8: "fééQﬁégngCf;d& BZABAWéécanHé"
after Release (False Cape)

Fiogure 3.9. Ice-dater Cloud 0.722 3econds
after Release (False Cape)
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Figure 3.10 Ice-Water Cloud 1.155 Seconds after
Release (False Cape)
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Figure 3.11. Escaping Water from Third Stage

at 4.379 Seconds

Figure 3.12., Escaping Water from Third Stage
at 7.345 ceconds




Figure 3.13.
at 10.279 Seconds

Figure Z.14., wcscaping water from Third Stage
at 13.979 seconds




3.3

Photographic Analysis (cont'd)

and 13.979 sec., respectively., Analysis of these figures
indicates that the liquid did not flow evenly from the

(one foot diameter) ports that were cut in the third stage
liquid container, The liquid appears to be discharged in

a somewhat random fashion, This condition can be explained
by freezing of the liquid being expelled through the ports,
followed by melting resulting from conduction of heat from

the interior water complicated by evaporation of the ice.

Color pfctures of the cloud growth and dissipation
were also obtained from Melbourne Beach with a 70 mm, 400
inch focal length camera, The first picture of the expand-
ing cloud, obtained 39 milliseconds after the liquid release,
is shown in Figure 3,15, Careful analysis shows the fouf
spikes that were evident in the picture obtained from False
Cape at 22 milliseconds after the liquid release, Howevér,
the haze in the Melbourne Beach picture can not be resolved.
Also the cloud structure is not resolved as it is with the
False Cape camera, Figure 3.16 shows the cloud as seen from
Melbourne Beach 239 milliseconds after the liquid release.
This is only 18 milliseconds after the picture (Figure 3.6)
that was taken from False Cape. Comparing these two pic=-
tures provides an interesting model of the geometry of the
expanding cloud, Remembering that the views of the cloud
are nearly at right angles to each other, there appears to
be six original cloudlets instead of four. These original

cloudlets expand to the four bulges that appear outside the

21



Figure 3.15.
after Release (Melbourne Beach)

Figure 3.16, Ice-Nater Cloud 0.239 seconds
after Release (iMelbourne Beach)
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3.3

Photographic Analysis (cont'd)

more reflective inner portions of the cloud. The bulges
that appear horizontal in Figure 3,6 are directed into

and through the cloud,as observed in Figure 3,16.

By 489 milliseconds, the cloud was expanding beyond
the field of view of the Melbourne Beach camera, as shown
in Figure 3,17, As with the previously discussed picture,
the effects of turbulence and the condensation-evaporation

process are evident.

As the cloud dissipated, the liquid release from the
third stage could be photographed. A series of three
photographs obtained at 8.439 sec., 20.939 sec., and
34,739 sec., are shown in Figures 3,18, 3,19, and 3.20.
These photographs appear similar to those obtained from
False Cape and substantiate the theory of the liquid

release from the ports.

A set of pictures of the cloud expansion obtained
from Vero Beach is shown in Figure 3.21, The structure
detail of the cloud is not comparable to that obtained
with the color cameras. However, the shorter focal length
camera did provide pictures of the total cioud for a longer
period of time, These pictures, from Vero Beach, indicate
that after the initial structure dissipated the cloud

expanded in nearly a spherical manner,

23
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Figure 3.17. Ice-Water Cloud 0.489 Seconds
after Release (Melbourne Beach)

“igure 3.13., Escaping water from Third Stage
at 8.43%9 Seconds



Figure 3.19.

Figure 3,20,

cscaping Water from Third Stage
at 20.93%9 Seconds

Escaping Water from Third Stage
at 34.739 Seconds
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3.4

cxpansion Rate Analysis

The expansion of liquids under reduced pressure is

a complex phenomena because of the phase changes that
occur. A mathematical theory has been developed utilizing
hydrodynamic-thermodynamic considerations (See Appendix C),.
Utilizing these considerations an equation can be developed
for the density of the expanding liquid, However, in the
cases where rapid phase changes occur experimental data are
required to determine the changes that occur in the expan=-

sion model,

Cloud expansion velocities were obtained by measuring
the actual displacement of the cloud edge,or the center of
a particular cloudlet,on a series of frames. The actual
distance moved was calculated from the known focal length
of the camera, frame size, and distance from the camera

location to the ciloud.

Expansion velocities of the spikes that appeared on
the first picture obtained after the explosion (7+0.021 sec.)
are 3,3 km/sec. This velocity is, of course, an average
velocity over the first 21 milliseconds., However, this may

be a good estimate of the initial perturbation wave velocity.

Expansion velocities were measured for the outer and
inner cloud systems and the radial velocities were measured
for six distinctive cloudlets, The velocities of the various
cloud forms are shown in Figure 3.22. Fluctuation in the
velocities with time are due to turbulence and condensation-

evaporation dynamics within the cloud. It is of interest to

27
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3.4

Expansion Rate Analysis (cont'd)

note that the outer ring had an average velocity consider~
ably greater than the inner ring. When the bulge developed
in the inner ring, its average velocity was greater than
the cloud region from which it developed, but not as great
as the outer ring velocity. Fluctuations in the velocity
of this bulge appeared to damp out as it expanded beyond
the field of view of the camera. However, the fluctuations

in the velocity of the inner ring continued.

Figure 3,23 shows the velocities of three of the six
cloudlets as a function of time,while Figure 3.24 shows the
velocities of the remaining three cloudlets. Cloudlet
number one was embedded in the outer ring of the expanding
vapor. Correspondingly, the average velocity of this
cloudlet is nearly the same as that of the outer ring,
while the velocities of the other cloudlets are closer to
the average velocity of the inner ring. As with the cloud
expansion velocities, the cloudlet velocities fluctuated
due to the turbulence and due to the energy imbalance
produced by the complex condensation-evaporation process

taking place within the cloud.

Pictures obtained from the Melbourne Beach camera
location also provided cloud expansion velocity calculations,

These velocities as a function of time are shown in Figure

2,25, The longer focal length camera did not permit the
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3.4

cxpansion Rate Analysis (cont'd)

velocity calculations to be extended in time as long as
those from the False Cape location., Only two of the
cloudiets identified from the False Cape location could
also be identified in the pictures obtained from the

Melbourne Beach locations.

Velocity values for the cloudlets obtained from False

Cape and Melbourne Beach can be combined at particular times

to provide a true radial velocity of the cloudlets., These
radial velocity values are shown in Figure 3,26, The re-
sulting smoothing out of the velocity fluctuations is sig=
nificant, It indicates the degree to which turbulence

affected the cloudiet motion.

During the time that cloudlets number one and two
could be measured the average velocity of each varied in
opposite manners. The average radial velocity of cloudiet
number one increased while that of cloudlet number two
decreased, However, cloudlet number two was observed for
slightly longer than one-half a second more than cloudlet
number one. If only the first four velocity measurement
values for cloudlet number two are considered, these over-
lap the time when velocity values for cloudlet number one
were obtained, and an increase in velocity of cloudiet

number two with time results.

There may be a critical time, slightly less than 0,5
second, during which the pressure within the cloud is

enhanced due to the evaporation of the liguid droplets.
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3.4

Expansion Rate Analysis (cont'd)

After this period of time condensation occurs and the
pressure drops more rapidly, resulting in the observed
decrease in velocity of the cloudlets, This process of
evaporation-condensation-sublimation was found to exist
in laboratory experiments of the release of liquids at

ionospheric pressure (Ref. 6 and 9).

Radiofreguency Electromagnetic Observations

A variety of radiofrequency electromagnetic obser-
vations were made in conjunction with Project High Water I.
The following sets of data from these observations were

made available for this analysis effort:

1. lonosonde observations acquired at Cape Kennedy
and Grand Bahama Island,

2. Electromagnetic noise observations acquired with
receivers located at Patrick Air Force base
(Florida) Technical Laboratory, of frequencies
of 232.36 mc/sec, 136.2 mc/sec, and 13,820 mc/sec.,

3. Telemetry signal intensities recorded at Cape
Tet. II, at telemetry channel frequencies of
242,0 mc/sec, 246.3 mc/sec, 248.6 mc/sec, and
249.9 mc/sec,

4, Noise measurements at 15 kc/sec and the strength
of 13 kc/sec WAV carrier (obtained by switching

a (Empire Devices iodel #F=-105) noise and field
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4,0 Radiofrequency tlectromagnetic Observations (contd)

intensity meter between the two modes), con=-
tinuous record of the signal level observed
with a (PRM=1) Stoddard receiver (The Noise
and Field Intensity Meter, and the Stoddard
Receiver were operated by martin personnel
and were located on Martin-Orlando property),
5. A static direction finder system, tuned to

10 kc/sec, operated by weather detachments
located at Patrick Air Force Base (Florida),

and at Andrews Air Force Base (iMaryland).

A number of additional observations are believed
to have been made, but it has not been possible to ascer-

tain the disposition of the pertinent records,

Since the nature and the interpretation of the various
observations differ considerably, a brief discussion of each

of the above categories will be presented.

lonosonde Observations

J. W, Wright (Chief, Vertical Soundings, lonosphere
Research and Propagation Division, National Bureau of
Standards, Boulder, Colorado) gave the following descrip-

tion of the ionospheric conditions (Ref. 8):

Pre-Release

A "Sporadic E" layer (Es) at a altitude of 107 + 2 km

was embedded in the normal E layer. This Es is definitely
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4.1

lonosonde Observations (cont'd)

believed to have covered the area of release, since it was

observed at both Cape Kennedy (f_ £ = 6.0 mc/sec) and at

s
Grand Bahama Island (fo ES = 3.9 mc/sec). There was evidence
of a traveling disturbance in the F-region; however, the ES

at Cape Kennedy obscured reflections from the F=region.

Post-Release

No significant changes in the t-region were observed
at either station at or following the water release, Minor
changes in the E-region were observed. These minor changes

noted were:

(AY At the moment of release, the decreasing trend
in the value of the critical frequency (fo) of
the Es layer was arrested, and the fo Es remained
constant for at least thirty-five (35) minutes.
(B) A slightly unusual “Es" stratum at an altitude
of 90 km was observed at Cape Kennedy, beginning
about thirteen minutes after the release, and

continuing for at least eleven (11) minutes.

In this analysis, both of the preceding minor changes
in the E-region of the ionosphere are considered to be
direct consequences of the water release, These two changes
(in the E-region) are results of the combined effects of

phenomena associated with the release of water.
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lIonosonde Observations (cont'd)

There are two effects of the water release which
contribute to the arrest of the decreasing trend in the

critical frequency of the E_ layer (f, Es). These effects

are:

(a) The release of water created a disturbance or
perturbation wave, which propagated radially
from the release point with a velocity equal to
the initial expansion velocity of the water i,e.,
2.5 - 3 km/sec. This propagation velocity remained
constant, but the amplitude of the wave decreased
with distance. Therefore, the perturbation wave
reached Cape Kennedy in 35~40 seconds after the

release,

(b) T7The release of the water altered the motion of

the "ionospheric cloud" producing the c_ anomaly.
g 5 y

The perturbation wave and the presence of the water in
the ionosphere can be expected to alter the electron gradient
and the change in the electron gradient with time. The
arresting of the trend in f_  E_ for thirty five (35) minutes
graphically demonstrates the magnitude of disturbance created
by the water release,

"o n

The slichtly unusual S stratum at an altitude of 90 Kk
is considered in this analysis to be a consequence of the

arrival of the water vapor over the Cape Kennedy area. The
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Ionosonde Observations (cont'd)

physical movement of the water-vapor can be expected to
follow an exponential decay in velocity, since ihe primary
driving force was generated at the release, If the initial
expansion velocity is taken to be 3 km/sec., the exponential
velocity behavior predicts that the vapor cloud will, as a
consequence of the "self-contained" expansive force, expand
to a diameter of about 50 km. (Expansion beyond the 50 km
diameter will be as a consequence of diffusional effects.)
However, the expansion will not be spherically symmetrical,
since the expanding vapor cloud will encounter the denser
atmosphere below, The expansion of the vapor cloud will

be superimposed on the existing ionospheric moti@n; Con-
sidering these factors, the slightly unusual ES - stratum
indicates that there was an ionospheric wind at an altitude
of 90 km from the southeast with a velocity of 76 m/sec.

An ionospheric wind velocity of 76 m/sec. is in éxcellent
agreement with a passage time of eleven (11) minutes for the
vapor cloud,

The generation of a disturbance or perturbation wave
with the release of water at a pressure of 10_4 torr has
been experimentally observed (Ref, 9). It is also noted
that it was widely held that Project High Water I release
would not produce significant changes in the ionosphere
(Ref, 2). The ionosonde observations are considered to be
a confirmation of the scale model laboratory studies
and that detectable effects would be produced in the

ionosphere,
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Electromagnetic Noise Observations

Electromagnetic noise observations were made at Patrick
Air Force Base at 232,36 mc/sec, 136.2 mc/sec, and 13,820
mc/sec, (Ref. 11). (The bandwidth of the receivers was
16 kc¢/sec,). Initiation of the observations was at approxi-
mately lift-off of the vehicle (1400:32Z), and continued
until approximately five (5) minutes after the release

(1408+2).

The 232.36 mc/sec records demonstirated only minor
fluctuations (maximum relative amplitude: 6-7 units) except
during the time the vehicle was in the pattern of the antenna.
A sustained signal was observed which ceased upon the destruct
of the vehicle (or relfease of the water). Evidently the sus-
tained signal was generated by some electronic system aboard
the vehicle., Following the release, a number of sharp spikes
in the signal level were recorded. The .intensity and relative
occurrence of these sharp spikes decreased rapidly after

twenty-one (21) seconds from the time of the release,

The records of the observations at 136.2 mc/sec were very
similar to the 232,36 mc/sec records; however, no sustained
signal was received at 13%6.2 mc/sec as was observed at
232.36 mc/sec. A lone sharp spike (relative amplitude: 15
units) was recordecd ancut four (4) seconds prior to the
refease, otherwise the amplitude variations were small
(relative amplitude: 6-7 units). A similar pattern of sharp
spikes in signal amplitude followed the water release and

also decreased in amplitude and relative occurrence after
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Slectromagnetic Noise Observations (cont'd)

twenty one (21) seconds.

The records for the observations at 13.320 mc/sec
differ considerably from those for the above frequencies,
A considerable variation in the background level occurred.
There appeared to be both a short term and a long term
cyclic variation in the observed signals, both before and
after the water release, Although a number of sharp spikes
in the signal amplitude were recorded prior to the water
release, the relative density of the spikes increased for
twenty one (21) seconds following the water release. A
general change in the observed signal pattern occurred
approximately three (3) seconds after the water release .and
persisted until about twenty (20) seconds after the water
release, A peculiar set of signals was recorded from forty-
two (42) seconds to fifty (50) seconds following the water

release,

These noise measurements made at Patrick Air Force Base
clearly demonstrate that an increase in electrical activity
developed following the water release, A detailed examina~
tion was made of the noise observation records to ascertain
the degrees of coordination between the sharp amplitude
variations. A total of twenty-seven (27) spikes were simul-
taneously recorded on all three (3) records, The relative
amplitudes of these coordinated signal fluctuations are

summarized in Table 4,1, A large number of additional
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TABLE 4.1

Relative Amplitude of Noise Observations

Total

uT RT Rel. Amp. Rel, Amp. Rel. Amp. Rel. Amp.

2%p,6mc/sec. 136.2mc/ sec. 13, 820mc/sec.

1403:16.75 162.75 5.5 16.0 1.0 4,0
:17,0 163.0 5.5 15.0 2.0 5.5
:19,.50 165.5 3.0 16.0 1.0 5.0
:122.25 168,25 18.0 35.0 2.5 9.5
126,04+ 172.0+ 21.0 37.0 13.0 17.5
:126.5 172.5 4.0 23%3.0 1.3 6.8
:31.25 177.25 3.0 31.0 3.0 3.0
:31.75 177.75 9.0 27.2 2.0 7.0
$+36,50 182.5 15.0 25.5 0.5 5.0
138,50 184,5 12.0 8.2 4.0 5.9
1404:02,0 210.0 7.0 4,0 8.0 8.0
:02.5 210.5 10.0 8.0 5.0 5.0
:05.50 213.5 17.0 12.5 2.0 6.8
:06,0 214.0 3.0 7.0 4.0 9.0
:47.75 255.75 5.0 19.0 2.8 4.8
1405:40.75 308,75 5.0 17.5 10.0 10.0
1400:04, o 332.5 9.0 22.0 2.5 2.5
t13.5 341.5 5.0 28.0 4.8 4.8
:32.5 360.5 7.0 35.0 3.0 5.0
:33,0 361.0 6.5 10.0 4.0 6.0
:36.0 364.0 7.0 7.0 15.0 20.0
:40.75 363.75 15.0 35.0 5.0 12.0
143,50  371.50 12.5 8.0 13.0 20.0
t44,75 372.5 3.0 19.0 3.0 4.0
149.0 377.0 6.5 31.5 6.0 10.0
$49,75 377.75 10.5 25.38 10.0 17.0
t49, 75+ 377.75+ 8.0 24,0 3.0 12.0
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Electromagnetic Noise QObservations (cont'd)

amplitude spikes were observed in the individual records
which did not show a correlation on ail three records., No
corretations were observed beyond 1406:50Z. 1In a number of
instances amplitude spikes were simultaneously observed on
two (2) of the three (3) records. In general, there was a
better correlation between the 232,36 mc/sec and the 136,2
mc/sec records; however, there were a few instances where
there was a correlation between the 13,820 mc/sec amplitude

spikes and spikes on one of the other records,

There is considerable doubt that "lightning=-like"
electrical discharges (or electrical "strokes") were respon-
sible for the generation of the amplitude spikes. The only
possible exception is the amplitude spikes recorded at
1403:26+2Z., This particular set of spikes occurred very
close to the time the ice-~cloud dissipated., Although the
evidence is not conclusive, it is believed that the electri=-
cal effects following the water release were more akin to
the electrical disturbance observed during the turbulent
development of a cumuloecongestus cloud, That is, the
electrical effects are a consequence of acceleration (and/or
deceleration) of electrical charges rather than of actual
electrical discharges, There is ample reason to believe
that charge separation occurred (See Appendix D) in the
water-ice-vapor cloud, but evidence in favor of an actual

electrical discharge is lacking,.
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4.3

Telemetry Signal Level Records

Telemetry signal level records were examined in the
hope that telemetry transmission continued beyond the
time of the water release, as was observed in Project
High Water Il (Ref. 6)., It was found, however, that all
telemetry systems ceased transmitting at the time of the

water release,

The telemetry signal level records did reveal a number
of attenuations superimposed upon the expected signal
attenuation with range. The signal attenuations were
briefly reviewed and a rather remarkable correlation was
found between the altitudes of the telemetry attenuations
and the altitudes at which discrete changes in ELF-VLF
spectral observations were recorded (ISC Summary Report).
In particular, it was found that at every altitude where
ELF-VLF spectral observations displayed distinctive
variations in attenuation, thase phenomena also occurred in
the telemetry signal levels, In addition, a number of
vehicle events can be identified from the telemetry signal
level variations in a manner similar to those employed in
ELF-VLF spectral data interpretations. It is remarked that
cL.F=VLF spectral observations provide more distinctive and
detailed information concerning the altitude regimes and
vehicular events than the telemetry signal level records

yield, Furthermore, it is emphasized that the ELF=VLF

spectral methods for identifying altitude regimes and
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4.4

Telemetry Signal Level Records (cont'd)

vehicle events were developed completely independently

of telemetry considerations (Ref., 12,13,14,15),

A comparison of the attenuations which occurred at
each of the frequencies reveals that the extent of the
attenuation is frequency dependent in a number of instances,
In those instances where the attenuation is more or less
independent of the frequency, the attenuation is probably
primarily the result of refractive effects., On the other
hand, attenuations which are frequency dependent are
believed to be primarily a consequence of signal absorption

(Ref., 16).

A cross correlation between the telemetry signal
attenuations and corresponding ELF spectral observations
will establish the cause of the observed telemetry attenu-
ations and will assist in establishing procedures for
reducing attenuations of telemetry transmission, This dual
frequency range approach is recommended as an efficient
method for the development of improved telemetry and

communications procedures,

Noise and Field Intensity iMeasurements

Observations were conducted by personnel of wmartin
Company at Orlando during High Water I txperiment, employing
an Empire Devices, Inc., model WNF-105 Woise and Field
Intensity ieter, This instrument was alternated between 

two operational modes during the test. Wwode I recorded a
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Noise and Field Intensity Measurements (cont'd)

quiet 3 kc/sec band centered at 15 kc¢/sec, and Mode 11
recorded the strength of the 18 kc/sec WiV carrier. The
data for Mode I (reported by Mr. Wm., Clarke) are given
in Table 4.2 for the noise at 15 kc/sec and the signal
strengths of the 18 kc/sec WWV carrier are recorded in

Table 4.3 (Ref. 17).

TABLE 4,2

Amplitude of 3 kc/sec band centered at 15 kc¢/sec

Universal Time Signal Level
db above 1 v/meter/mc/sec

14002 114

1401 114

1402 118 (bias error
estimated

1403 132 to be + 2db.
Reading accuracy

1404 147 + 1db.

1405 147

1406 115

1407 114

It was reported that the signal amplitudes at 15
kc/sec remained constant at 114 v/m/mc/sec for an
additional five (5) minutes after 1407Z (the instrument
was turned off at 1412Z), and that a number of "spikes in
the signal strength" of the 18 kc/sec WwV carrier were

"observed during the period of elevated signal,"”
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4.4 iojse and Field Intensity Measurements (cont'd)

TABLE 4.3

8ignal strength of 18 kc/sec WWV carrier
(36 in loop antenna)

Universal Time Signal Strength

db above 1 v/meter
14002 39
1401 39
1402 39
1403 43
1404 45
1405 45
1406 39
1407 39

Unfortunately, the reported data,which was cbtained

by visual observation, lacks sufficient detail to permit

a detailed correlation with the data recorded at Patrick
Air Force Base, However, there are certain aspects which
appear pertinent. It is presumed that, in both the

15 ke/sec and the 18 kc/sec observations, the increase in
the signal levels reported for 1403Z occurred after the
water release (1403:16,6Z). Otherwise, a considerable

revision of the interpretation would be required.

The increase in the signal level at 15 kc/sec from
114 db at 1401Z to 118 db at 1402Z may or may not be

significant. A portion of this increase may be due to
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4,4

Noise and Field Intensity Measurements (cont'd)

the transit of the vehicle through a non-uniform lower
ionosphere (HW II)., The increases from 113 db at 14022,'
to 132 db at 1403Z, and then to 147 db at 1404Z, were in
accordance with expectations, based on the noise recordings
obtained at Patrick Air Force Base, since it was evident
that the water release was accompanied with an increased
electrical activity, It is believed that the persistence
of the elevated signal (until at least 1405 but not until
1406Z) for a longer time than observed earlier in the
13.820 mc/sec to 232,36 mc/sec.frequency range is best
explained by the acceleration or deceleration of charges.
The noted time interval does provide an approximation for
the time during which the vapor cloud was expanding as a

consequence of the internal "expansive forces."

It is noted that no "signal spikes" were reported for
the 15 kc/sec observations. If there actually were no
spikes, this fact is additional support for the concept
that no actual electrical discharges followed the water

release,

Ampiitude variations of the 18 kc/sec WWV carrier
between 1402Z and 1406Z are considered to be a consequence
of the "reflection" of the signals from the expanding vapor
cloud, Due to the lack of timing information, there is no

way to ascertain whether the reported "spikes in the signal”
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Noise and Fiela Intensity Measurements (cont'd)

correlate with those observed in the 232.46 mc/sec to
13,320 mc/sec frequency range. This lack of information

is particularly unfortunate since it would have provided
further information relevant to the occurrence of electrical
discharges.

2

vMartin-Orlando employees William Clarke, Charles W,
North, and William Raymond monitored the test with a Stoddard
receiver, Model PRM 1, A continuous recording of the observed
signals was made with this instrument from approximately
13427 to 1431+Z, 1t is noted that the receiver gain was

increased just after 14147,

The Stoddard receiver records show little resemblance
to the other passive observations. Prior to vehicle lift=-
off, the amplitude of the recorded signal varied widely
but relatively few sharp changes in the signal level were
recorded. Just prior to lift-off, an increase in the signal
level was initiated. The level continued to increase until
shortly after |ift off. Then a decreasing trend developed,
followed by alternating periods of increasing and decreasing
signal levels, The observed signal level variations show
some correlations with the telemetry signal amplitudes, but
the correlations are so poor that little significance can be

attached to the comparison.

No significant variation in signal level was observed
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4,5

Noise and Field Intensity wmeasurements (cont'd)

at the time of the water release, although a decreasing
trend in the signal level was briefly halted. One possibly
significant fact was noted in this record; just prior to
1406Z an unusually sharp drop in the signal level occurred.
After 14067 the signal level decreased to a minimum value
and, except for brief periods, remained at this level until
the receiver gain was increased at 1414Z, o significance

of the signal behavior after 14002 has been established.

Static Direction Finder System

The static direction finder system searched for pulses
(at 10 kc/sec) received simultaneously at Patrick Air Force
Base and at Andrews Air Force BSase, and only those pulses
which were received within 0.02 seconds of each other were
considered valid. A single such coincidence was reported
at about 18 seconds (1406:132) after the water release
(Johnson). The bearing of the signal was about 810 from
Patrick Air Force Base and the range was 30-40 miles
(triangulation method). A diligent search of the noise
records in the vicinity of 1406:182 failed to yield even
a minor fluctuation in the signal levels. A check was also
made at T + |81 seconds range time, but only negative
results were obtained. This lack of correlation of the
10 kc/sec bursts with the higher freguency data strongly

suggests that the observed pulse(s) were not the conseqguence
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4.5

Static Direction Finder System (cont'd)

of an electrical discharge., It would have been surprising
if an electrical discharge had occurred some 175 seconds

after the condensed phases of water disappeared,



Conclusions

Release of a liquid into the upper reaches of the
atmosphere initiates a complex interdependent series of
physical and chemical processes, Laboratory simulation
studies permit the determination and evaluation of certain
aspects of such a release; however, it is doubtful that
laboratory experiments can possibly produce even a gross
approximation to real ionospheric conditions. The ejection
of liquids into the upper atmosphere is feasible with a
number of advanced space explorations systems., Project
High Water provided the first large scale investigation of
the effects of releasing liquids into the ionosphere,.
Studies of the data acquired during Project High.Water
graphically illustrate the complexity of the phenomena
associated with such a release., The absolute necessity of
carefully integrated experiment design, adequate iﬁstrumenta-
tion. and, coordination of all factors in the analysis were
also clearly demonstrated, It was discovered that the
effects are so interdependent that the various aspécts can

not be successfully analyzed independently of each other,

As might be expected, the results of Project High wWater
reveal significant implications beyond the stated objectives
of the program. Some of the more important implications

discovered are included in this summary.
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Mode! of Liquid Release in Space

Results from the two High Water experiments and from
laboratory experiments (Ref, 9) show a definite model for
the physical processes that occur when liquids are released

into a region of reduced pressure,

Two critical factors involved in determining the

physical processes {nvolved are:

1. The temperatures of the released materfal, and
2. The difference between the vapor pressure and
the actual external pressure,

From basic physics, the boiling point of a liquid is the
temperature at which the vapor pressure of the liquid is
equal to the external pressure (Ref, 18). When the vapor
pressure exceeds the external pressure, the liquid immedi=~
ately starts boiling., S8ince boiling generates vapor, the
vapor pressure in the vicinity of the liquid (within the
cloud) increases rapidly with time. This change in phase
produces a correspondingly rapid reduction in the liquid
temperature, This cooling causes the liquid droplets to
freeze at rates which are functions of the droplet diameters
(Ref. 19). The internal temperature of a frozen droplet
changes comparatively slowly because the heat conduction is
poor in the solid state, At these reduced temperatures,
the saturation vapor pressure of the super-cooled droplets
is greater than the saturétion vapor pressure of a frozen

particle at the same temperature (Ref, 20). Following such



Model of Liquid Release in Space (cont'd)

an explosive boiling regime, the ice particles are surroundd
by environmental vapor pressures greater than their own
saturation vapor pressures., Therefore, condensation from
the gaseous to the solid state occurs, and the ice particles
grow at the expense of the surrounding vapor, Also, as the
fce particles grow, the entire cloud continues to expand,
resulting in a continuously decreasing environmental vapor
pressure., The vapor pressure of the system decreases until
the particles experience pressures below their saturation
vapor pressures, The particles then sublime directly to

the vapor state.

The initial physical conditions described above were
evident in the High Water I data, During the first 400
milliseconds following the release, the released water was -
boiling and cloud particlies were accelerating outward., As
the fce particles formed, the cloud acceleration decreased.
with time. At the same time, the original boiling generated
violent dynamic conditions within the cloud. The resulting
internal turbulence tended to mask the increases and decreases
in radial accelerations, By combining data from two loca=-
tions some of the turbulence effects can be eliminated and
the radial acceleration components can be observed more
clearly. Data from the High Water Il test was not acquired
for a sufficient length of time to determine the effects of

freezing on the cloud motion,
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Model of Liguid Release in Space (cont'd)

Laboratory experiments have shown that liquids released
at very low pressures follow the above described regime of
physical processes (Ref, 9), Laboratory experiments have,
disclosed evidence of a perturbation wave that travels out-
ward with the velocity of the initial liquid expansion. The
fact that retardation of the jonospheric Es condition was
observed at the time of the water release is considered to

be evidence of such a perturbation,

Maximum expansion velocities of the ice-water cloud
for the High Water I and the High Water Il experiments are
shown in Table 5.1,

TABLE 5.1

Maximum Expansion Rate of Ice-Water Cloud

High Water I# High Water II##¥
Structure km/sec) zkm/sec)
Sideward Spike 2.53 3.60
General Cloud 1.83 1.83
Cloudlet 1.83 1.83

* 105 km above sea level
#% 165 km above sea level

Two facts must be considered in comparing the expansion

velocities of the two clouds, These facts are:

1. In High Water i, the 44,000 kg of water in the
second stage, in addition to the quantity that
escaped through the ports in the third stage, was

released suddeniy, while in High Water Il the
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5.1 Model of Liquid Release in Space (cont'd)

the entire 86,000 kg of water was suddenly released,
2, The ambient conditions into which the water was
released were quite different in the two experi-

ments, as shown in Table 5,2 (Ref, 21),

TABLE 5.2
Atmospheric Properties
Altitude Pressure Number Molecular
{mm Hg) D;ﬁ"j:\%t;y —Weight
105 1074 5x10'8 28.85
165 2.5x107° 2x1016 27.90
Consideration of these facts explains why the water released
at 165 km dissipated much more rapidly than that released at
105 km, This result was observed when data from the two
operations were compared. The cloud formed in High Water ;
required about ten (10) seconds to optically disappear,

while the High Water II cloud was visible for only approxi=-

mately five (5) seconds.

Results from the High Water experiments raises grave
doubts of theories proposing the existence of accumulations
of ice in space., For any quantity of ice to exist, one of
two improbable conditions would be required: 1) extremely
low ambient temperature at the space locatfon when the
formation occurred, or, 2) formation in a high gravity
environment, followed by cooling to an extremely low

temperature prior to release to a low pressure environment,
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Model of Liquid Release in Space (cont'd)

Three particular theories of types of “ice in space"'
to which Project High Water data are directly applicable
are:

1. Noctilucent clouds,

2. Ice on the moon,

3. Ice theory of comets,

Noctilucent clouds are rare, cirrus-like, silvery clouds
which have been observed at heights as great as 82 km

(Ref, 22). These clouds occur at high latitudes and are
visible only after sundown but while the cloud is still

in the sunlight, One of the proposed explanations for these
clouds is that they are composed of ice particles, Since
the ambient pressure at an altitude of 82 km is of the order
of 6x1O'3 mm Hg (Ref, 21), the maximum temperature possible
for the existence of ice particles (i.e., the sublimation
temperature) is about -60°C(213%°K). Although the freezing
temperature of particles is size dependent, the minimum
temperature at which supercooled water can exist is about
-40° (233%). Accordingly, the most probable mode of
formation of an ice particle at 82 km altitude is by direct
condensation from the vapor state to the solid state, At

82 km, the kinetic temperature is -107°C(166°K). (Ref. 21).
Therefore, if the total ambient pressure were due to water
vapor,one gram of water vapor would occupy a volume of

1000 MB. The partial pressure of water at 82 km is probably



5.1

Mode! of Liquid Release in Space (cont'd)

no greater than 10'4 mm of Hg, therefore, the volume

involved is probably in excess of 60,000 M3. With a mean
free path of the order of 10'3M, the accumulation of an
appreciable amount of water (ice) at any one location would
be extremely difficult. Therefore, it is concluded that,
if the noctilucent clouds are composed of ice particles,

these particles must be extremely minute,

It has been proposed that bulk water may exist on the
moon within a porous structure (Ref, 23), Project High
Water results provide particularly convincing reasons to
doubt this concept. Numerous efforts have been made to
evaluate the density of the lunar atmosphere, One of the
widely accepted values is some 10'13 of the sea-level
density of the earth's atmosphere (Ref. 24). It follows
that the equilibrium temperature at the ambient pressure
of the lunar surface is much lower than the measured
temperatures existing there, and any lunar water not
chemically bound would dissipate as rapidly as, and in a
manner analogous to, that observed with Project High Water
releases, In order for any bulk Junar water exposed to the
lunar atmospheric conditions to remain for any appreciable
period of time, its temperature would have to be ﬁaintaihed
at about -150°C (123°K). The minimum observed night time

temperature of the moon's surface is barely below the
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Model of Liquid Release in Space (cont'd)

required value (d.h., =157°C or 116°K), while the day time
temperature is very much higher (d.h,, 101°C or 374%)
(Ref. 25)., Even if the lunar age is taken to be less than
that of the earth, the prospect of finding bulk water on

the moon are considered to be remote.

A preliminary evaluation of the "ice theory on comets"
(Ref. 26) has been made in view of the Project High Water
experimental results, One of the important characteristics
of a comet is the extraordinary tenuity (Ref, 27). The
fact that the nucleus of a comet does not suffer an appreci-
able decrease in mass at a perihelion of 500,000 km from the
sun and a surface temperature of 4500°K (Ref, 26) is, at best,
difficult to explain if the one of the primary constituents
fs ice, The escape velocity of a water molecule from a
comet would be very low (e.g., the escape velocity of a
water molecule from the surface of the moon is only 2.4
km/sec (Ref, 28)). At a temperature of 50°K, the root mean
square velocity of a gaseous water molecule is 0,24 km/sec
(Ref, 29). Therefore, in view of the small mass of a comet,
water molecules would rapidly escape from the surface of
the comet nucleus., Theoretical calculations indicate that
particles in the tail of a comet have radii of less than
10" cm. Even if the absorption coefficient of ice particles

4

is only 107", an ice particle in a comet 93,000,000 miles

from the sun would absorb more than a sufficient amount of
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iodel of Liquid Release in Space (cont'd)

energy to vaporize it, since the solar constant (at the
earth) is 1.94 cal/cm?/min., (Ref. 30). These considerations
cast considerable doubt on the "ice theory of comets.”

Additional experimental studie of the behavior of ice in
reduced pressure environments would provide the requisite
knowledge to adequately evaluate the concept of ice in

comets.,

lonospheric Effects

Release of the ballast water of the Saturn vehicles
produced a substantial modification of the composition of the
ionosphere in the vicinity of the release, The effects of
this composition change were found to be largely dissipated
in a relatively short distance, This was evidenced Ly the
fact that only a minor change was caused in the ionosonde
observations performed at Cape Kennedy and at &Grand Bahama
Island. On the other hand, it was observed that the release
produced a perturbation wave which propagated at a velocity
of the order of 3 km/sec. The Project High Water data
suggest that the energy content of the ionosphere may be
of greater significance than its composition,

Evidence of inhomogeneities in the ionosphere has been
obtained from a variety of sources, Project High Water data
adds considerable evidence that ionospheric inhomogeneities
are oresent, and that the inhomogeneities cause degradation
of telemetry and radar transmissions. Such degradation of
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5.3

Ionospheric Effects (cont'd)

electromagnetic signals by ionospheric inhomogeneities was
especfally evident in analyses of data obtained during the
second release experiment (Ref., 6), A striking similarity
was noted in the radar and telemetry effects observed after
the SA~3 vehicle traversed the E~layer and those produced

by the High Water vapor cloud inhomogeneity, This similarity
is considered to be strong evidence that the observed E-layer
attenuations were a consequence of inhomogeneities in the

fonosphere,

Electrical Phenomena

Release of water into the ionosphere produced definite
electrical effects., The electromagnetic noise observations
clearly demonstrated an increased electrical activity, The
bulk of the electrical activity generated appears . .to have
been a consequence of acceleration and/or deceleration of
charges, 8ignals that were obtained at 5.5 mc in High Water
II experiment (Ref. 6), are believed to be related to the

gyromagnetic motion of electrons.

No evidence was found which would support the proposal
that "lightning~like" electrical discharges occurred in the
water-ice-vapor cloud. On the basis of existing data, it
is believed that no actual electrical discharges occurred,
If so, this is a highly significant fact, Charge separation
certainly was to be expected; however, it appears that the
charge centers were sufficiently removed from one another
that a discharge did not occur (See Appendix D).

-61-



5.4

Importance to Space Exploration

Project High Water and associated laboratory experiments
have produced results that have important applications to
space exploration, The problems to which these results

apply can be characterized into three general areas:

1. Existence of ice in space,
2, Conditions associated with an abort,

3, Communications and telemetry problems,

In each of these areas new experimental data were obtained

from the High Water project,

As described above, the fact that the High Water experi-
ments demonstrated very rapid dissipation and disappearance
of the ice clouds casts considerable doubt on theories
assuming the existence of ice in space, Any quantity of ice
existing in space must have been cooled {over a fong period
of time) to a very low temperature before the ambient pressure
was reduced. Under the continual influence of radiation from
the sun, the water molecules would gain energy and rapidly

dissipate into space,

Conditions associated with a potential abort were
demonstrated by the High Water project, If an astronaut
were enveloped within the expanding cloud from an abort he
would experience an environment similar to that produced by
the High Water experiment, During the evaporation and

sublimation regimes, the temperature of his environment
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5.4

5.5

Importance to Space Exploration (cont'd)

will be suddenly and drastically reduced (Ref, 6,9). If he
were outside the vehicle at the time of a release, he would
experience a perturbation wave such as was evident in the
laboratory experiments (Ref, 9). A similar perturbation wave
appeared to be associated with the High Water I operation,
The cloud resulting from an abort would also cause telemetry
and radio dropouts (Ref, 6). If an abort should result in
the release of fuels and oxidizers, the ensuing turbulence
would produce mixing and would therefore increase the fire

hazard.

Communication attenuations are caused by interaction
of the electromagnetic signals with inhomogeneities in the
atmosphere, Project High Water provided a synthetic inhome~-
geneity within the {onosphere., Unfortunately, almost no
telemetry signals were received after the water release in
the High Water I experiment, However, both telemetry and
radar returns following the High Water II release showed the
effects of the induced inhomogeneities. These effects were
strikingly similar to effects that have been obtained as a
launch vehicle passes through regions of the ionosphere,
Thus, the High Water data appears to confirm the concept

of naturally occurring inhomogeneities within the ionosphere,

Further Experiments

While the Project High Water experiments have provided

some excellent direct data concerning several physical
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Further Experiments (cont'd)

phenomena important to space explorations, there is a very
great need for additional data., There is a particularly
pressing need for data necessary to more completely analyze
and understand the effects of fonospheric inhomogeneities
on communications, For example, further experimentation
should be designed to obtain the maximum information con-
cerning the frequency effect of a synthetically induced
inhomogeneity in the ionosphere, One apprcach to such an

experiment is outlined below.

A series of High Water type experiments should be
carried out with water releases at different altitudes.
These altitudes should range from 40 km to 400 km, The
same quantity of water should be released in each experi=-
ment, This aspect is essential {if the various tests are
to be directly comparable, For each test a telemetry pod
should be released from the vehicle at a predetermined
time interval before the water is released., This pod shoulid
be transmitting on at least five narrow band-width frequen=
cies, The frequency effect of the induced inhomogeneity
could then be analyzed from the resulting data. The release
of the telemetry pod must be timed so that it is a distance,
say D kilometers, from the vehicle when the water is released,
but close enough to be enveloped by the cloud before the
cloud dissipates, The optimum distance D is estimated to

be approximately two (2) km, for a release of about the
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5.5

Further Experiments (cont'd)

same quantity of water under the same general launch con-

ditions as in High Water I and Il experiments, The neces-
sary physical data information concerning the environment

and the change in environment can be measured from the

telemetry pod.

Location of ground recefving stations is of particular
importance to the above experiment, Simultaneous reception
of signals is required, both of those traversing the cloud
and those not traversing the cloud between the point of
origin and the receiver, It is very desirable that some of
the ray-paths pass through the cloud., Data acquired in this
manner will provide further insight into the telemetry
attenuation probiem, Also, data acquired in the above de=-
scribed manner will provide valuable information for design

of space-earth communication systems.

One of the aspects illustrated by the High Water experi=-
ments was the ability of ELF spectral data to provide infor-
mation concerning the interaction between electrom;gnetic
signals from a Iauhch vehicle and inhomogeneities in both
the lower atmosphere and the ionosphere. Thus, cohsiderable
additional valuable data concerning inhomogeneous regions
in the ionosphere can be obtained by acquisition of both
appropriate ELF spectral data and telemetry signals during
the passage of a vehicle through the ionosphere. ELF

spectral data concerned with telemetry attenuation can
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5.5

Further Experiments (cont'd)

be acquired from normal NASA launches,
A program of cross=-corretating ELF spectral data with
telemetry data from launch operation will provide models of

inhomogeneous regions in the ionosphere that produce telemetry

attenuation,
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APPENDIX A

Ionospheric Conditions

Molecular disassociations produced by the absorption
of solar ultra-violet and X-ray radiation change the
chemical and physical composition of the ionosphere., Thus,
the water released at different altitude levels will experi-
ence different ambient conditions. Not oniy does the density
of the ambient atmosphere change with altitude, but the
kinetic temperature and the mean molecular weight of the
atmosphere also change., All of these pertinent variables
must be considered in any analysis of physical phenomena in

the ionosphere,

A profile of the mean conditions of the ionosphere is
not sufficient to explain many of the observed phenomena,
Horizontal variations in the density of the constituents
may be as significant as the vertical profile, (Ref, 31),
However, details of horizontal variations are very incom-
pletely known., With this limitation in mind, some average
fonospheric parameters for particular ionospheric altitudes

are presented in Table A below (Ref, 21),
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Optical

APPENDIX B

Instrumentation

TABLE B (Ref,

1)

Instrument? Location Lens F.L. Frames/Film
(in.) sec  Size

IGOR False Cape 180 30 70 mm
IGOR Williams Point 360 30 70 mm
IGOR Canova Beach 360 30 70 mm
IGOR Patrick AFB 360 48 25 mm
ROTI Melbourne Beach 400 20 70 mm
ROTI Vero Beach 100 10 70 mm
IGOR GBI 180 10 70 mm
M= 45 West of launch site 10 24 35 mm
M=45 West of launch site 20 24 35 mm
Mi tchell Camera Vero Beach 10 24 35 mm
Mi tchell Camera Vero Beach 20 24 35 mm
Mitchell Camera GBI 40 24 35 mm
Mitchell Camera GBI 10 24 35 mm
Spectral Polariza~

tion Recorder Jupfiter 6 16 35 mm
Spectral Polariza=-

tion Recorder GBI 6 16 35 mm
T-11 aerographic (3) in launch area 4 1 9 in,
Navy A3D aircraft

aerial camera mo- Water release area 36 - 9 in.

tion picture camera (3) in launch area 4 1 25 mm
Navy A3D aircraft

aerial camera mo- Water release area 6 - 9 in,

tion picture camera 6 - 35 mm
U=2 aircraft (2)

motion picture Water release area

camera 6 - 16 mm
Experimental air=-

craft motion

picture camera - - 35 mm
KC=135 (ramp) air-

craft motion pic~

ture camera 20 - 35 mm

Motion pfcture camera 6 - 16 mm
CF-100 (CARDE)

aircraft (4) motion

picture cameras - - 35 mm
NAVY SHIP Water release area ,

motion picture camera 80 48 16 mm

motion picture camera - - 16 mm

31GOR- Intercept Ground Optical Recorder, ROTI - Recording

Optical Tracking Instrument,



APPENDIX C

HYDRODYNAMICS OF EXPANDING LIQUIDS

Formulation of a theory for tiquid expansion at reduced
pressures can be developed from hydrodynamic-thermodynamic
considerations, This approach provides an expression for
the density of the expanding liquid. A number of physical
parameters such as surface temperature, vapor pressure,
viscosity, and initial density are relevant to the expansion.
For the initial formulation of a theory for the expansion of
liquids at reduced pressures, phase changes have been neglected.
Future theoretical investigations should incorporate these
important effects. The ability of any density expression to
predict the rate of rarefaction of a specific liquid depends

on the values chosen for the above-mentioned parameters.

Consider a spherical mass of fluid initially at rest in
a region of zero pressure, At time t=0 the restraining mem-
brane is instantaneously removed, aliowing the fluid to expand
into the evacuated region., It is assumed for reasons of
simplicity that the expansion is spherically symmetric,
Vaporization effects are neglected, and the expansion is
considered adiabatic. Euler's equation for hydrodynamic fiow

is
2

a
Bl

P - Py Avr (1)

N

dt
where

F’

"

p (r, t) density
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position vector

gravitational acceleration

v vl

pressure of the flow

The equation of continuity from hydrodynamics is

é%l?-+ V-(PF =0 (2)

Equation (= ) represents the flow through a volume bounded

by an arbitrary surface in the flow region. Since the fluid

flow {s due to the expansion, it is certainly a nonequilib~
rium event, Therefore, equation ( 2) for this problem must

be re~interpreted as

g—-§+v~(Pf')=-kP (3)

where k is the "growth factor”. 1Insertion of the First Law

of Thermodynamics gives

Q:S%+Pgﬁ—é{—f‘)—l (4)

where
Q = energy added
8 = specific heat
T = absolute temperature
P = pressure of the flow
P = densi.ty

For an adiabatic expansion, Q=0 and equation ( 2) becomes

Q:O:S-gl+Pg-g—é-{—-P—)- (5)

dt
The divergence of a function in spherical coordinates can

be expressed as
e 1dfF) 4 dRhend _ dFe
r2 dr rsH)¢> d¢ rﬂn@d@

—71-

(6)

7/



where
= radius of a sphere
azimuth angle

= elevation angle

« DH -
1

= function
Applying this concept in equation ( 2 ), the div( P r) for

the spherically symmetric event is

0Ll s £y SB, pdt @
(Pr)= 7 (2Pr) dr Pdr

Now if (d P)/d r = Pr during the initial phases of the
expansion, and F/(j r = 0, then

. . 8
v.(pr)z%‘?—t+rpr (8)
Equation ( 2 ) thus becomes
i§ﬁi + 2 E)r +rPr+ Px=o - (9)
Solving equation ( 4 ) for the pressure and setting S ji-% =
2
IraS) P

The gradient of a function f in spherical coordinates may be

expressed as
C;
T f = {r_%+“¢ “9rsm dr (11)

where the }L's are the spherical unit vectors. Thus, the

gradient of P becomes
L[z d2s5 - . -2 dP )
VP=V{T)=22PdrP -Zpep 2—d_—; (12.
pranddf‘D/ dr:O. Thus,

22 R2r (13)

"

As previously JP/d r
P



Equation ( 4) thus becomes

dr 2z PZ3 (14)
dt2

Assuming the intrinsic acceleration of the expansion is

constant, set

i (15)

Adding equations ( 9) and ( 14) produces

pa+22Pr+P 2ﬁ£+rp,—+ Pk =0 (16)
Applying the Bernoulli separation method and assuming the
density may be represented in a product of a position

function and a time function, then

P = Plr, t)= R(r) T('t) (17)

Substituting equation ( 17) in (16) yields:

2R T
Ru>£§§ﬂu)+u%JJ-“)+mﬂ%fJ. (r) (1) F

T(t) %i—lrr + Kk ?(l‘) T(t) = 0 ’ (18>

Dividing by R_T_

s dr 2z dr 1 91 o, idrR. ., _, (19
T dt+R dr+T dt+r +R<jr+ =
or
adr 1 dt 2z drR .+ dR  2F | 20
Tt T Jt + k= - R E;F *ROIr YT = M (20)
Converting to total differential equations
1 +a 4T _ (21)
T @t ~H =0 '
gg—§~£ %é + g; +k+ =0 22
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Solving equation (21 ) gives

0 a + 1 (23)
and equation ( 22) gives

|
k(r-r,) + (r-r,) + 2r(lnr - Inr
R = R, exp - [ 1 1 1] (24) |

2Z + 1
finally as

P = P (r, t) = R(r) T(t) (25)
equations ( 23) and (24) must be multiplied together to
give
Lt k(rer) + M (r=ry) + 2r(in r - In r;ﬂ (26)
P—_-poexp a + 1 - 2L - T ~ |
The expansion depends significantly on the function |
_ g 9 (27)
Z“Sdt ;

Expansion of a liquid with a small change in temperature,

(that is, with no phase change)will occur very rapidiy. Con-

versely, high Z (rapid temperature change) implies large

changes in internal energy, thus causing slower expansion.

“T7h



APPENDIX D

Charge Separation Processes in
Project High Water

The Project High Water experiments released water
into an ionized medium (See Appendix A), Experimental
studies have shown that droplets formed in the presence
of charged particles become charged (Ref. 32). In the
analysis of the photographic data, it was found that the
maximum expansion velocity of the cloud was 1,83 km/sec.
This expansion velocity is two to three times the root
mean square velocity of the heavier ions present, There~
fore, the initial expanding cloud would be expected to
sweep out the electrons and move with a velocity exceed-
ing the vefocity of the ions., This process would result
in causing the leading edge of the cloud to be negative
with respect to the inner portion of the cloud., Although
the physical process of evaporation is the reverse of the
condensation process operative in the formation of a thunder-
storin, the electrification effects in the Project High Water
release are very similar to the initial electrification

processes in thunderstorms (Ref, 33).

It has been experimentally demonstrated that the polar-
fzation of an insulated sphere in an electric field normally
results in the deposit of appreciable free charges whenever

the conductivities of the positive and negative ions are.



notably different (Ref., 34), Theoretical considerations
lead to an estimate of about 0.04 esu/drop, whereas the
average charge measured (by aircraft) of droplets in a
thunderstorm were found to be 0.11 esu/drop, Ref, 35).
Since the initial expansion of the Project High Water cloud
would be expected to produce charge separation, an electric
field would be created. This electric field would be ex=-
pected to produce further charge separation, particularly

during the regrowth of the ice particles,

Potential differences were found to arise between
liquid and solid phases as dilute agueous solutions were
frozen (Ref., 36). Dilute solutions of sodium chloride
produced negative ice and positive water, Since the ballast
water was obtained in the Cape Kennedy area, it cértainly
would contain sodium chloride, Thus, if any of the droplets
only partially froze and the turbulent motion str{pped off

the water, charge separation would have occurred.

Charge separation was found to take place when rubbing
contact occurred between two pieces of ice at dif%erent
temperature (Ref, 37). 1In view of the highlyvturbulent
motion of the Project High Water cloud, it is highly probable
that rubbing contact occurred between ice particles at widely
different temperatures, Therefore, it is probable that

charge separation occurred as a consequence of this phenom-

enon,
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It is evident that there were several charge separa-
tion processes which were probably operative during the
expansion of the Project High Water clouds, The apparent
lack of a lightning=like electrical discharge Is attri=-
buted to the rapid expansion of the cloud so that the
oppositely charged regions were too remote from each other
for an electrical discharge to occur. Lightning discharges
in thunderstorms have been observed to involve distances on

the order of 600 meters between charge centers (Ref. 38).
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