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PREFACE

This report is a final draft of a literature search required as par-
tial fulfillment of condition of NASA Contract NAS 9-517L, "Liquid
Propellant Behavior under Conditions of Varying Acceleration." Every
reasonable effort has been made to obtain as complete a listing of
the open literature regarding low-g liquid behavior. Some items may
have been missed, however. Readers are respectfully invited to of-

fer additions during the remainder of calendar year 1966.

The work of collecting and collating literature material was accom-
plished by G. A. Hastings and D. W. Hill., Review of all the items
and the preparation of commentary was accomplished for the most part

by J. G. Seebold and, to a lesser extent, by H. M. Satterlee.
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The Literature of Low-g Propellant Behavior

This report concerns publications in the fields of low-g fluid mech-
anics and heat transfer which appeared during and after 1959. This year
was chosen because it marks the approximate beginning of development of
what might be called the "modern" theory of capillary fluid mechanics. Cap-
illary action was, of course, a subject of clasgssical investigation. The
advent of space flight has brought with it a resurgence of interest in cap-
illary fluid mechanics, because in unpowered orbital flight, spacecraft ac-
celeration and local gravitational acceleration are nearly balanced, and no
overpowering body force is felt by contained liquid. The liquid is in an
approximately "weightless" condition, and forces which are usually negli-
gible, such as contact and surface forces, become dominating influences,
just as they are in the classic capillary tube.

As a result of this similarity, there is a substantial body of class-
ical literature which is directly applicable to present needs and funda-
mental in the development of the modern theory. Considerable detail re-
garding the results and his
together with specific references to the literature, can be found in James
Clerk Maxwell's classical article in the ninth edition of the Encyclopedia
Britanica, as revised by the 3rd Baron Rayleigh in the tenth edition.

One comprehensive and useful summary of the modern theory of capil-
lary fluid mechanics is "Capillary Hydrostatics and Hydrodynamics at Lowg"
by W. C. Reynolds, M. A. Saad, and H. M. Satterlee, hereafter referred to
as "Reynolds (196L)". This is an extension of an earlier publication by
W. C. Reynolds which appeared in 1961; a further extension, by W. C. Reynolds
and H., M. Satterlee, will shortly appear in a NASA monograph on the Dynamics
of Propellant Sloshing, edited by H. N. Abramson. Other relatively compre-

hensive publications, many in the nature of reviews, have appeared; among
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them are Benedikt (1961), Berenson (1963), Clodfelter (1963), Koestel (1959),
Neimer (1959), Otto (196L), Sherley (1962), Steinle(1963), Unterburg (1962),
and Wood (1963). An attempt has been made in preparing the present report
to select and comment on publicatioﬁs which seem to be of most practical im-
portance to spacecraft designers, or which have been fundamental in the de-
velopment of modern capillary fluid mechanics.

Boiling heat transfer has been the subject of vigorous experimental and
some analytical investigation for a considerable period of time. Although
most work has been carried out at high heating rates which are not typical of
the orbital environment for tanked propellants, some pre-1959 work is still
of interest. Most of the early work which has found application in low-g heat
transfer, including particularly that in bubble dynamics, is summarized and
referenced in M. Jakob's "Heat Transfer".

The following commentary is subdivided into 7 sections dealing with
Propellgnt Location and Interface Shape, Interface Stability, Reorientation,

Sloshing, Propellant Containment and Ullage Control, Draining, and Heat Transfer.
The bi opics as
life support, propellant gaging, phase separation, distribution of non-condens-
ables, gyros, accelerometers, and experimental techniques. Experimental tech-
niques are discussed in almost all of the experimental investigations mentioned
in the commentary; additionally, some publications such as Kirk (1960), Cummings
(1963), Kirk (1963), Lepper (1963) Vander Velde (1963), and Paynter (1965) deal
almost exclusively with this subject, The bibliographic citations are grouped
by calendar year, and listed alphabetically (by the last name of the senior

author) in each year.

Propellant Location and Interface Shape

The problems of the equilibrium configuration of liquid in a partially

filled container in a low-gravity environment were among the first to be at-
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tacked, both because of practical necessity and because some classical re-
sults and methods were found to be applicable. These are the problems of
capillary hydrostatics, the most likely location of a contained mass of
liquid, and the shape of the liquid-gas interface, under equilibrium con-
ditions.

The principle of minimum surface energy was used by Li (1960) to in-
vestigate the stable configuration of liquid in a zero-g field. It was con-~
cluded that if the liquid wets the tank wall, it will cling to it, leaving
a vapor bubble in the tank. A further result was that bubbles on the tank
wall will pulsate until they become large enough to touch each other, then
they will coalesce to form a larger bubble which will eventually join the
central bubble by contact. Again, by formulating the isoperimetric varia-
tional problem associated with minimum total potential energy of a tank
partially filled with liquid, Li (1962) found that the free endpoint trans-
versality condition yields an expression for contact angle which is inde-
pendent of gravitational acceleration; this relation is the familiar Dupre-

Young equation. A method for series solution of the differential equation
for the equilibrium shape of an axisymmetric liquid-gas interface is also
given by Li (1962), and the first few coefficients are worked out.

An introduction to the theory and macroscopic description of capil-
lary hydrostatics is presented by Berenson (1963). The minimum energy
principle is also discussed by Neu (1$63) and Clodfelter (1963).

The zero-g equilibrium configuration of liquid contained in cylin-
drical and spherical tanks is discussed by Clodfelter (1963) along with ex-
perimental observations, including transient overshoot of the zero-g sur-
face shape. Petrash and Nelson (1963) also made an experimental investiga-

tion of the transient change in the capillary surface that results when a

liguid contained in a cylindrical tank experiences sudden weightlessness.
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The shape of the capillary surface in a right circular cylinder is
discussed by Satterlee and Chin (1965). A derivation of the governing dif-
ferential equation and the results of numerical integration are presented.
Good agreement with experiment is shown, and the experimental techniques
are discussed. An ellipsoid of revolution approximation to the capillary
shape 1s also developed.

In another approach to tle solution of the same problem, Yeh and
Hutton (1965) make use of the series solution due to Li (1962). Some ad-
ditional coefficients are developed to improve convergence, but application
is still limited to nearly flat interfaces. The classic method and results
of Bashforth and Adams are discussed, and numerical examples of the use of
the classic tables are given.

The capillary surface in an annular tank in an axial body force field
is described in Seebold, Hollister, and Satterlee (1966).

The investigation and calculation of static interface shapes for a
broad range of Bond numbers are discussed by Moiseev, et al (196L); em-
phasis 1s on methods rather than results.

The shape of the equilibrium free surface in a cylindrical tank ro-
tating at constant angular velocity about its axis in an axial body force
field is discussed by Seebold and Reynolds (1965). Shape parameters of the
several possible equilibrium interface configurations, obtained by numerical
integration of the governing differential equation, and the supporting ex-
perimental results are presented. In an earlier study, the equilibrium shape
of a bubble located on the axis of an inviscid body of liquid in solid body
rotation in zero-g is described by DiMaggio (1963) in terms of elliptic in-
tegrals, and some selected zero-g bubble contours are plotted.

Blackshéar and Eide (196L) derive the differential equation for the

shape of a free liquid surface in a tank of square cross section in the
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presence of gravitational, centrifugal, and capillary forces. A closed solu-
tion is obtained by neglecting the capillary forces. The results of numerical
solution of the complete problem, restricted to a two-dimensional infinite
channel, are presented.

The results of an experimental study of the zero-g equilibrium interface
in which cryogenic liquids were employed are reported by Siegert and Petrash
(1965). It was found, not surprisingly, that cryogenic liquids behave no dif-
ferently than standard and more easily handled test liquids. In an earlier
experimental investigation reported by Petrash et al (1962) it was found that
the equilibrium configuration of alcohol in a spherical glass tank in zero-g
is a totally wetted tank wall with a vapor bubble in the interior of the lig-
uid. In a related study, Petrash and Otto (1962) verified that knowledge of
contact angle and tank geometry permits prediction of the zero-g configura-
tion of liquid in the tank. Petrash, Nussle, and Otto (1963) report experi-
mental verification of the fact that the shape of the equilibrium liquid-gas
interface is completely determined by contact angle and Bond number. Some
ing pictures of low-g interfaces in spherical, cylindrical, and con-
ical containers are included. In a similar study employing spherical, conical,

and cylindrical containers, the same authofs (1963) found that the contact
J angle remains unchanged in zero-g compared to its one-g value.

The results of a low-g aircraft test program in which the configurations
of water, engine oil, hydraulic fluid, JP-L fuel, and mercury were investigated
is reported by Clodfelter and Lewis (1961).

The parameters which affect propellant location in coasting orbital flight
are reviewed by Satterlee (1962), and it is demonstrated that propellant loca-
tion can be predicted. For another discussion of propellant location problems,
together with the results of experimental and analytical investigations, see

Sherley (1962),
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Early contributions of importance were made by Benedikt (1959) and
Reynolds (1959). The former presented an estimate of the relative import-
ance of capillary and gravitational forces acting on a liquid in low-g,
while the latter demonstrated the importance of capillary forces in a free-
fall photographic study.

Additional information relative to capillary hydrostatics can be found
in Andes (1962), Barcatta (1963), Benedikt (1961), Brazinsky (1962), Callahan
(1962), Chin (196L), Cline (196L), Driscoll (1960), Jahsman (1961), Koestel
(1959), Neimer (1959), Otto (1965), Otto (196L), Povitskii (1963), Reynolds
(196L), Roennau (1961), Shuleykin (1963), Stehling (1961), Steinle (1963),

Swalley (1965), Unterburg (1962), Wolczek (1959), and Wood (1963).

Interface Stability

Liquid contained at the top of an inverted tank in a low-gravity environ-
ment may under certain circumstances be stable in that location. Under very
special circumstgnces the liquid may derive support from surface and contact
forces, but usually the liquid is supported by the pressure of the gas be-
neath the liquid-gas interface, while the interface itself is stabilized by
surface tension. The stability of an inverted meniscus to small disturbances
is a dynamic problem that can, under certain circumstances, be investigated by
simpler methods treating the static problem.

By analyzing the liquid-gas interface in an inverted rectangular channel,
Concus (1963) showed that the static variational method and the dynamic small
vibration method yield identical stability limits for an inviscid liquid. In
an extension of these results, Concus (196L) showed that while solutions to the
free surface differential equation exist which represent inflected surfaces,
such surfaces are unstable.

The work of Bretherton (1961) has important implications regarding the

stability of an axisymmetric liquid-gas interface which exhibits zero contact
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angle. It is shown thal under the action of gravity a bubble will not rise
in a tube unless the Bond number exceeds 0.842; this must also be the crit-
ical Bond number for an inverted axisymmetric meniscus of zero contact angle.
The inviscid motion of the bubble in effectively gravity-free and gravity-
dominated environments is also discussed.

The comprehensive results of Reynolds, et al (196L), make possible the
investigation of the stability of almost any axisymmetric meniscus contained
in a tank of arbitrary wall curvature. The capillary stability of an axi-
symmetric liquid-gas interface in an annular tank is determined in Seebold,
Hollister, and Satterlee (1966).

Seebold and Reynolds (1965) discuss the stability of the capillary sur-
face in a cylindrical tank rotating at constant angular velocity about its
axis. Rotation is found to be destabilizing in the case of wetting liquids
in an adverse acceleration environment, and to introduce an instability
which can occur at zero- or even positive-g. A parametric stability map
governing the existence of stable menisci, and supporting experimental re-
sults, are presented.

In an experimental investigation, Jetter (1963) found that square or
rectangular passages are not effective in stabilizing liquids which exhibit
vanishingly small contact angle because of corner effects.

The effect of boundary elasticity on interfacial stability has been
investigated analytically by Smith (1965) and Tong and Fung (1965). The
former considered a flat surface contained in a two-dimensional channel
having flexible walls or floor, while the latter studied a cylindrical do-
main with a flexible bottom. In practical situations at low-g, sloshing
frequencies and elastic frequencies are vastly mis-matched, so that no im-

portant interaction should be observed.

It is shown in Koval and Bhuta (1966) that the addition of an electrical
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body force changes the natural sloshing frequency of a capillary surface,
thereby altering the capillary stability characteristics. This would be
true of any superimposed body force, of course.

The stability of the accelerated interface between a liguid and air
was investigated experimentally by Emmons, Chang, and Watson (1960). In
this study, a third-order theory was also developed for the unstable growth
of disturbances on the free surface. Bellman and Pennington (1961) extended
the analysis of Taylor instability té include surface tension and viscosity.
Surface tension has a stabilizing influence, and viscosity reduces the rate
of growth of disturbances.

Additional information relative to capillary stability can be found
in Anliker (1963), Beam (1961), Bell (1963), Berenson (1963), Cline (196L),
Li (1963), Masica (196L), Masica (196L), Otto (196L), Otto (1965), Sherley
(1963), Sternling (1959), Swalley (1965), and Wood (1963).

Reorientation

The stability theory referred to in the last section says nothing about
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verted meniscus becomes unstable. One naturally expects that a liquid will
somehow flow to the other end of its container. It is this flow, and the re-
verse flows that develop when the liquid impinges on the other end of the
tank, that are the subjects of reorientation studies.

The reorientation flow of liquid in a cylindrical tank was studied ex-
perimentally by Hollister and Satterlee (1965). Reorientation acceleration
was imposed during free fall after establishment of the typically highly-
curved low-g liquid-gas interface. 3eorientation Bond numbers of order 10
and 200 were employed. Similar studies with zero-g initial shapes are re-

ported by Masica and Petrash (1965), and Masica and Salzman (1965). In the
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" latter it is demonstrated that baffles can be helpful in alleviating the re-
circulation ("geysering")'problem associated with reorientation flow, thus
promoting better liquid collection.

Bowman (1965) presents an experimental study of reorientation flow in
which the typical low-g interface is not allowed to develop; instead, the
surface is initially quite flat. As a result, some interesting flow patterns,
not expected to be observed in most practical settling situations, were ob-
served. The results of a linearized analysis presented in Bowman (1966) suc-
cessfully reproduced many of these features. In an experimental investigation
of reorientation under non-axial acceleration, Bowman (1966) found that when a
settling Bond number of 72 is applied to a cylindrical tank inclined at lo, the
unsymmetric flow characteristic is not very repeatable, whereas when the cyl-
inder is inclined at lOo, a definite tendency of the liquid to flow up one
side of the container is always observed. This is not surprising, since the
transverse component of the settling'écceleration results in transverse Bond
numbers of 1.26 for 1° inclination and 12.7 for 10° inclination. The critical
transverse Bond number is about 1 for liguid-solid combinations which exhibit
contact angles near zero degrees (as used in the experiments); therefore un-
certain transverse unstability behavior would be expected at 1° inclination,
while an inclination of 10° should pfoduce definite transverse instability.

Another discussion of propellant settling, with particular emphasis on
orbital transfer of propellants, is presented by Gluck and Gille (1965). A
description of the flow, together with an estimate of the settling time, is
based on scaled experiments conducted at one-g.

The structural significance of the impingement of reorientation flow
on the end of a propellant tank was the subject of an experimental investi-
gation reported by Stephens (1965). While a preliminary analysis is alleged

to have indicated that damaging stress levels could result, no structurally
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significant impact loads were observed.

Problems of liquid reorientation and associated phenomena as found in

the Centaur vehicle, together with experimental and analytical results, are
discussed by Sherley (1962). Additional information can be found in Otto
(196L), Otto (1965),Reynolds (196L), Steinle (1963), Swalley (1965), and
Wood (1963).

Sloshing

The sloshing characteristics of propellants contained in rocket tanks
are of considerable practical importance because of the possibilities of un-
stable interaction with attitude control system oscillations, immersing vent
lines, developing excessive forces and moments due to liquid motion, and so
forth. For the purpose of this report, this subdivision includes linear and
non-linear sloshing, transient response to sudden weightlessness, and the ef-
fect of anti-slosh baffles.

The analytical and experimental study of Satterlee and Reynolds (196L)
treats linearized sloshing about an axisymmetric equilibrium meniscus in a
cylindrical container. Complete analytical and experimental results are pre-
sented for linearized low-g sloshing in the fundamental mode.

Two approaches to the analysis of symmetric liquid sloshing in an in-
finite channel of rectangular section are presented by Hung, et al (196L).
In the first, the velocity potential, free surface shape, pressure, and vi-
bration frequency are expanded in the ratio of the maximum amplitude of free
surface vibration to tank radius. A first-order velocity potential is ob-
tained (the zero-order potential is zero). In the second approach to the
same problem, a harmonic function expansion and Fourier time-series analysis
are employed. Numerical computation was carried out in a single case and

the results are presented.
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A linearized analysis of axisymmetric sloshing during draining under
low-g conditions is presented by Saad and Oliver (1964). The results in-
dicate a slight reduction in the critical Bond number for draining an in-
verted tank.

Series solution of the linearized sloshing problem is carried out by
Koval and Bhuta (1965). The velocity potential is obtained as an infinite
series of eigenfunctions. An approximate explicit expression can be ob-
tained by truncating the series, and this approximation could be used to
estimate pressures exerted by the sloshing liquid on the containing tank.

In another paper, Bhuta and Koval (1965) discuss the problem of linearized
sloshing in a draining or filling tark in low-g. The possibility of vapor
blowthrough during draining is indicated, as is the need for baffles to damp
the free surface motion during filling. The latter results are questionable
because flow during filling is much farther from ideal than flow during
draining.

The linearized approach to the study of zero-g motion of liquids was

yields no useful information on the dynamics of liquids which suddenly ex-
perience weightlessness, and that the idea of incipient dynamics should be
abandoned. In spite of this, successful linearized analysis has been re-
ported.

The transient response to sudden weightlessness of the free surface
of a liquid in two-dimensional and cylindrical containers is subjected to
a linearized treatment by Fung (1965). The predicted vertex motion compares
favorably with experiment. Particularly significant is the fact that the
initial vertex motion opposite to later time motion which is observed experi-
mentally for a short time after entry into sudden weightlessness is reproduced

by the analysis. A similar approach is used by Bowman (1966) to investigate
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~the response of an initially flat in%erface to sudden axial acceleration. The
results of an experimental study of the transient response of a liquid-gas
interface to sudden weightlessness in spherical, cylindrical, and annular tanks
are presented by Siegert, et al (1964).

The problem of non-linear oscillations of an inviscid, incompressible lig-
uid having a free surface is formulated by applying Hamilton's principle at con-
stant volume by Petrov (194,). It is demonstrated that this integral represen-
tation is equivalent to the classic boundary value problem statement. Several
specific classes of extremizing functions are briefly mentioned. No applica-
tions or numerical results are presented.

A numerical scheme for computing the non-linear axially symmetric oscil-
lations of a capillary surface in a cylindrical container is discussed by
Concus, et al (1965). The numerical results presented show that the method
has considerable promise and should be applicable to reorientation flow, as

well.

Moiseev, et al (196L), discuss methods of solving capillary hydrodynamic

ing the effect of viscosity. Randolph (1965) considers the problem of non-
linear axisymmetric motion of a viscous liquid in a cylindrical container. The
difficulty of applying an appropriaté macroscopic viscous boundary condition
where the free surface contacts the solid wall is pointed out. While an ap-
proach to numerical solution is suggested, no computational or numerical re-
sults are reported.

In a study of elastic interaction of tank structure with sloshing liquid,
Tong and Fung (1965) find that incregsed flexibility leads to reduced natural
frequency. In the flat interface, square tank, analysis of Koval and Bhuta
(1966), it is shown that superimposing an electrical body force alters the

natural frequency of oscillation of the capillary surface. This result would
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be expected for any body force, of course.

In an experimental study of high-g sloshing motions, Cooper (1959) ob-
tained good agreement with first mode small amplitude slosh theory. The
"spill-over" of liquid that occurs when a large amplitude slosh wave reaches
the hemispherical tank top results in considerable energy dissipation and a
sharp increase in damping. Of experimental interest is the fact that while
wave amplitudes were found hard to measure or define at times, the lateral
force produced by slosh wave motion was readily obtained.

Miles and Troesch (1960) studied the gravity-free oscillations of the
cylindrical free surface of an inviscid liquid in axial solid-body rotation
contained in a cylindrical tank. This is not a problem in which surface
forces are important because the centrifugal body force dominates. Compre-
hensive results for the natural modes of centrifugal oscillation were pre-
sented.

Further information on sloshing and related topics can be found in
Brazinsky (1962), Chernous'ko (196L), Chernous'ko (1965), Chu (196L), Cline
Otto (1965), Paynter (196L), Reynolds (196L), Scriven (1960), Shuleikin (1962),
Shuleikin (1962), Siegel (1961),Smith (1965), Swalley (1965), and Unterburg
(1962).

Propellant Containment and Ullage Control

In this section methods for préferential positioning of contained liquids
in a low-gravity environment, such as at the tank drain for restart, and awy
from vents are reviewed. Included are passive methods, such as surface tension
devices; active methods, such as dielectrophoretic devices; and methods of
‘venting. Positive expulsion devices, being independent of body forces due to
acceleration fields or the lack of them, are disregarded.

In an investigation carried out in a drop-tower, Petrash and Otto (1962)
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found internal tank baffling to be an effective means of positioning liquid
for venting and restart in low-g. The effect of screens on the configuration
of liquid in low-g was investigated by Clodfelter and Lewis (1961), and no
important alteration in configuration was observed.

Conical baffles were found by Neu and Good (1963) to be useful for or-
ienting liquids in zero-g. The use of a standpipe for locating liquid is
discussed by Porter and Clayton (1965) in an interesting introduction to zero-g
research at the Royal Aircraft Establishment, Farnborough, England.

The results of analytical studies and one-g tests of the use of surface
and dielectrophroetic forces in liquid containment are presented in a report
by Bell Aerospace (1963). Experimental data and general design information
for proposed propellant containers are included.

Some simple experiments with capillary retention devices in axial and
transverse body force fields are described by Jetter (1963). Corners in
square or rectangular passages were found to promote instability.

The results of an analytical and experimental study of propellant con-
tainment and venting in zero or small adverse gravity environments are re-
ported by Boraas, et al (1965). Systems of coaxial cones are investigated
for containment. Critical stability conditions are determined by equating
buoyancy and surface tension forces.  While the relations developed in this
. unusual way do not seem to check with standard results in the limiting cases,
the experiments reported seem to be in agreement with the analysis. Screens
and a central standpipe are utilized in a combined containment and venting
device.

The principle of dielectrophoresis is discussed by Blackmon and Crocker
(1963), together with a description of some experiments and a discussion of
the application of dielectrophoretic body forces in positioning liquids in

zero-gravity. In similar papers, Blackmon (1962, 1963), describes the col-
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. lection of liquids using electrical forces. Caloulated collection forces
and times compare favorably with experiment.
An investigation of dielectrophoretic separation and orientation of lig-
uid hydrogen in low-g is reported by Hurwitz, et al (196L). Good agreement
was obtained between theory, laboratory analog tests, and zero-g aircraft tests.
A variety of venting (in this case, residual propellant dumping) methods
and their relative usefulness are discussed by Satterlee (1962). Similar prob-
lems, and experimental and analytical results, are discussed by Sherley (1962).
Plans for a full-scale orbital fluid mechanics experiment aboard an S-IVB stage
are discussed by Cline (196L), and Swalley (1965).
Additional information on propellant containment and ullage control can
be found in Abdalla (196L), Allingham (196L), Bell (1962), Blackmon (1965),
Heald (1965), Hunter (1962), Krivetsky (1962), Otto (196L), Otto (1965), Paynter
‘ (196L), Porter (1965), Reynolds (196L), Rod (1962), Steinle (1963), Unterburg
(1962), and Wood (1963).
Draining
Extracting liquid from a tank in a low-gravity environment can present
serious problems. As the depth of liquid in a draining tank is reduced,
eventually a dip will appear in the surface above the drain. In lowg, this
is a severe problem because the dip is much more pronounced. When the dip is
"sucked" into the drain, a direct gas path is provided to the pump suction.
The propellant volume remaining in the tank when this occurs is trapped and
unusable. This effect is independent of and additional to vorticity effects.
Additionally, draining dynamics can adversely interact with sloshing motions.
A linearized analysis of sloshing during tank draining under low-g con-
ditions is presented by Saad and Oliver (196L). Bhuta and Koval (1965) present
‘ a similar treatment. The formulation is generalized to account for variable

axial acceleration, but the solutions presented are for constant acceleration.
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The possibility of vapor blowthrough during zero-g draining is indicated.

A photographic study of zero-g draining of liquid from a cylindrical
tank is presented by Nussle, et al (1965). Diffusing the incoming pressur-
izing gas and baffling the tank outlet were found to be helpful in alleviat-
ing the effects of suction dip, thus delaying vapor blowthrough.

An experimental study of tank draining under one-g is reported by
Gluck, et al (1965). The point at which gas ingestion occurred was found
to depend only on Froude number for Bond numbers of order 100 and larger;
for Bond numbers of order 10, the critical condition was found to depend on
Bond number as well.

Some additional information on tank draining under low-g conditions
can be found in O'Loughlin (1965), Otto (196L), Otto (1965), Povitskii (1963),
Reynolds (196L), Sherley (1962), Steinle (1962), Swalley (1965), and Unter-
burg (1962).

Heat Transfer

Heat transfer in a low-gravity environment can be expected to be some-
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tained liquids is different, and because the natural convective transport
of energy and mass, generally dominant at one-g, is much less vigorous.

In an analytical investigation of low-gravity transport processes,
Gebhart (1963) finds that random disturbances normally present in the motion
of space vehicles can result in relatively effective convective transport.

The heat transfer problem in a partially filled propellant tank in
low-g is discussed in a report prepared by Dynamic Science Corp. (1963). A
lumped-capacity formulation intended for solution on an analog computer was
obtained. The heat transfer mechanisms considered were internal radiation,
phase change due to evaporation and condensation, conduction, free convec-

tion, and convection in liquid layers due to differential surface tension.
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The thermally-induced motion of liquid in a full two-dimensional con-
tainer heated on one side and insulated on the other three is considered in
the report of Hung, et al (1964). The problem is solved for a triangular
heating function and the temperature, pressure, and velodcity distributions
are plotted.

A survey of available literature on the influence of gravity on nuc-
leate boiling is most recently presented by Adelberg (1963), together with
rationalization of the observations in terms of the pertinent force ratios.
It is pointed out that since the mechanics of bubbles are strongly influenced
by gravitational forces, nucleate boiling can be strongly influenced by such
forces. Note is taken of the difficulty in sorting out steady-state and
transient phenomena in relatively short-lived drop tower experiments. Force
ratio arguments are used by Adelberg and Forster (1961) to estimate one-g
test parameter values which may yield useful information on zero-g boiling

heat transfer. Similar results are presented in Adelberg and Schwartz
(1966) .
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roblenm ion heat transfer to a liquid contained in
a rotating tank during spin-up from rest in a low-gravity environment is dis-
cussed by Fendell (1966).

Low-g heat transfer to liquid propane contained in a spherical steel
tank is discussed by Rex and Knight (196L). The experiment was conducted in
a sounding rocket. While the heat flux was about three times as great as the
solar flux, it was still representative of orbital heating rates. Most low-g
heat transfer experiments reported to date have been conducted at high heat-
ing rates which are not typical of orbital conditions. Nucleate boiling

evidently persisted throughout the experiment, and a reduced heat transfer

rate of about 1/3 the one-g value was observed.
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The results of an experimental investigation of boiling heat transfer
to liquid nitrogen in a near zero-g enviromment are reported by Clark and
Merte (1963). The heat flux range was high, 10° to Z.leoh Btu/hr-ft2. A
similar experimental study by Merte and Clark (1963) indicates that gravity
reduction has little effect on boiling heat transfer at high heat transfer
rates.

In an experimental investigation of the effect of reduced gravity on
pool-boiling, Usiskin and Siegel (1961) found that the critical heat flux
varies approximately with the 3-power of gravity. It was also found that
the velocity of freely rising bubbles decreases with reduced gravity, and
that bubble diameters at separation from the heated surface vary inversely
with gravity to the 1/3.5 power. In similar experiments conducted at high-g,
Costello and Tuthill (1961) also obtained a %-power variation of burnout
heat flux with gravity.

In an order of magnitude analysis based on experimental data, Keshock
and Siegel (196L) found that when bubble growth rate is large, nucleate
boiling is essentialil independent, and bubble departure from the
heated surface is governed by inertial and surface forces. For slowly grow-
ing bubbles, the authors found that departure is governed by buoyant and
surface forces. Viscous forces appeared to be unimportant.

Siegel and Howell (1965) report an experimental determination of the
peak nucleate bolling heat flux in water, ethyl alcohol, and an aqueous suc-
rose solution in low-g. Vertical orientation of the heated wire resulted in
a lower peak heat flux than did horizontal orientation. The peak or burnout
flux was found to be roughly proportional to the ¥%-power of g.

Qualitative information regarding nucleate pool boiling of water in
low-g is presented in a report of a photographic investigation carried out

by Hedgepeth and Zara (1963).
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Qualitative descriptions of boiling and condensing phenomena based on
visual observation of low and zero-g aircraft tests are given by Hedgepeth
(1960). Both mercury and distilled water were used in a boiler-condenser
test loop. In a report of a similar study in which mercury was the test
liquid, Reitz (1960) reports no difference in the mode of condensation in
zero-g as compared with one-g conditions.

Correlations for two-phase flow in horizontal capillary tubes are
presented in a report by Suo and Griffith (1963). The correlations should
be applicable to low-g flow. Similar flow visualization tests, conducted
both at one-g and zero-g, are reported by Evans (1963).

The results of an experimental investigation of boiling heat trans-
fer to subcooled distilled water flowing through a resistance-heated tube
in a low-gravity enviromment are repcrted by Papell (1962). The onset of
slug flow and a substantial increase in local heat transfer coefficients
under low-g conditions were observed.

A scheme for simulating zero-g flow by means of vertical or parabolic
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ibed by Congelliere, et al (1963). Suggestions are made as
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to how two-phase isothermal flow, boiling, and condensing might be investi-
gated. It is reported that such a system has yet to be built and tested.

Such heat transfer problems as nucleate boiling, impingement of lig-
uid on a warm unwetted surface, and heat transfer between fuel and oxidizer
tanks are discussed by Sherley (1962). A discussion of the thermodynamics
of passive orbital temperature control of propellants is given by Satterlee
(1962).

Information on low-g heat transfer and related topics can also be
found in Abdalla (196L), Abdalla (1965), Adelberg (1965), Albers (1965),
Aydelott (196l), Bell (196L), Benton (196L), Brady (1963), Clark (196L),

Cline (196L), Clodfelter (196L), Ginwala (1961), Heath (196L), Henchley
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. ©(1962), Kirk (1960), Kirk (1963), Lancet (1965), Manson (196L), McGrew (196L),
Merte (1961), Polk (1962), Regetz (196L), Schwartz (1965), Siegel (1959),

Steinle (1960), and Trusela (1960).




-21- LMSC/A835805

BIBLTOGRAPHIC CITATIONS

1959 - 8
1960 - 12
1961 - 22
1962 - 21
1963 - L2
196L - 39
1965 - L8
1966 - 8

200



-2 LMSC/A835805

195?

Benedikt, E. T., "Scale of Separation Phenomena in Liquids Under Conditions
of Nearly Free Fall", ARS J., Feb. 1959.

Cooper, R. M., and J. P. O'Neill, "Damping Ratios for Sloshing Liquids in a
Cylindrical Tank Having a Hemispherically Domes Bottom and Roof", EM-9-27,
STL/TR-59-0000-09780, Contract AF 0L(6L7)-309, Space Technology Labs., Inc.,
P. 0. Box 95001, Los Angeles L5, Calif., Oct. 26, 1959.

Koestel, A., "Hydrodynamic Problem Areas in Zero Gravity", Meteorite Pene-
tration Conference, Washington, 1959,

Neimer, J., "Effect of Zero Gravity on Fluid Behavior and System Design",
WADG TN-59-149, ASTIA No. AD 228810, 1959.

Reynolds, W. C., "Behavior of Liquids in Free Fall", Journal of the Aero/
Space Sciences, Vol. 26, No. 12, December 1959.

Siegel, R.,, And C. Usiskin, "A Photographic Study of Boiling in the Absence
of Gravity", ASME Av. Conf., Los Angeles, Mar., 9-12-59, Paper No. 59-Av-37,
ASME Trans., Ser. C - HT, Aug. 1959.

Sternling, C. V., and L. E. Scriven, "Interfacial Turbulence: Hydrodynamic

Instability and the Marangoni Effect", J. AIChE, US, No. L, 1959.

Wolczek, 0., "On the Technical Realization of Subgravity and Weightless-
ness",.10th International Astronautical Congress Proceedings, Vol. 1,
Springer, London, 1959.




=23~ 1MSC/AB835805

1960

Bitten, John, "Liquid Oxygen Converter", USAF, WADD TR 60-669, Oct. 1960.

Brown, E. L., "Human and System Performance During Zero G", Preprint 2301,
SAE-AFOSR, Astronautic Symposium, Los Angeles, Calif., Oct. 12-1L, 1960.

Driscoll, D. G., "Cryogenic Tankage for Space Flight Applications", Advances
in Cryogenic Engineering, vol. 5, New York: Plenum Press, 1960.

Emmons, H., Chang, C., and Watson, B., "Taylor Instability of Finite Surface
Waves", JM, Vol. 7, Part 2, 1960.

Hedgepeth, L. M., "Zero Gravity Boiling and Condensing", ARS, Space Power
Systems Conf., Santa Monica, Calif., Preprint 1322-60., Sept. 27-30, 1960.

Kirk, D. A., "The Effect of Gravity on Free Convection Heat Transfer - The
Feasibility of Using an Electromagnetic Body Force", Wright Air Development
Division, WADD Tech. Rept. 60-303, Part 1, August 1960.

Li, T., "Liquid Behavior in a Zero-G Field", General Dynamics/Astronautics,
San Diego, Calif., Sept. 1960.

Miles, J. W. and Troesch, B. A., "Surface Oscillations of a Rotating Liquid
in a Gravity-free Field", EM-10-9, STL/TR-60-0000-09137, Space Technology
Laboratories, Inc., P. O. Box 95001, Los Angeles L5, Calif., June 1960.

Reitz, J. G., "Zero Gravity Mercury >ondensing Research", Aerospace Engineer-
ing, Sept. 1960.

Scriven, L. E., "Dynamics of a Fluid Interface", Chem.\Engrg. Sci., Vol. 12,
1960.

Steinle, H., "Air Experimental Study of the Transition from Nucleate to Film
Boiling Under Zero Gravity Conditions", Heat Transfer and Fluid Mechanics
Institute, Stanford University Press, 1960.

Trusela, R. A., "Zero-g Space Boilers", SAE Paper 15LC, SAE Journal, Sept.
1960.




-2l LMSC/A835805
1961

Adelberg, M., and K. Forster, "The Effect of Gravity Upon Nucleate Boiling
Heat Transfer", In Weightlessness - Physical Phenomena and Biological Ef-
fects, Plenum Press, 1961.

Beam, J. and M. Anliker, "On the Stability of Liquid Layers Spread Over

Simple Curved Bodies", SUDAER Report No. 10L, Dept. of Aeronautical Engineer-
ing, Stanford University, 1961.

Bell, J. E., et al, "Development of Positive Expulsion Systems for Cryogenic
Fluids", Beech Aircraft Corp., Boulder, Colo., Final Report - Phase I and II,

from 15 Jan 1961 to 20 Nov. 1961. Contr. AF 33(616)-6930, SSD-TDR-62-1kL, May
1962.

Bellman, R., and R. Pennington, "Effects of Surface Tension and Viscosity on
Taylor Instability", Q.\J.\Appl. Math., Vol. 12, 1961.

Benedikt, E. T., "General Behavior of a Liquid in a Zero or Near Zero Gravity
Environment", Weightlessness - Physical Phenomena and Biological Effects,
Plenum Press, New York, 1961.

Bretherton, F. P., "The Motion of Long Bubbles in Tubes", J. Fluid Mech.,
Vol. 10, Pt. 2, 1961,

Clodfelter, R. G., and R. C. Lewis, "Fluid Studies in a Zero Gravity Environ-
ment", Report on Electric Propulsion Technology, Propulsion Lab., Aeronautical
Systems Div., Wright-Patterson AFB, Ohio, June 1961.

Costello, C., P., and W. B, Tuthill, "Effects of Acceleration on Nucleate Pool
Boiling",: Chemical Engineering Symposium Series, Vol. 57, No. 32, 1961.
Ginwala, K., "Engineering Study of Vapor Cycle Cooling Equipment for Zero-
Gravity Enviromment", Northern Research and Engineering Corp., Cambridge,
Mass., Wright Air Development Divisian, Aeronautical Accessories Lab.,
wright-Patterson AFB, Ohio, WADD TR 60-776, January 1961.

Hankins, D. L., and P. J. Gardner, "Liquid Oxygen Converter for Weightless
Environment", Aerospace Medical Lab., Wright-Patterson AFB, Ohio, Nov. 1961.

Hartkopf, S. E., "Zero Gravity Tests of X-15 Nitrogen Tank", USAF, Flight
Test Center, BEdwards AFB, AFFTC TN 60-3L, Jan. 1961.

Jahsman, W. E., "The Equilibrium Shape of the Surface of a Fluid in a Cylin-
drical Tank", Developments in Mechanics, Vol. 1, Plenum Press, New York,
1961.

Lepper, R., "Experimental Studies of the Hydrodynamic Behavior of Liquids
in a Zero Gravity Environmeni", Northrop Corp., Norair Division, Report No.
ASG-TM-61-13-25., 1961.

I1i, T., "Liquid Behavior in a Zero-G Field", IAS, Annual Meeting, 29th, New
York, N. Y., Paper No. 61-20, January 23-25, 1961.

Merte, H., Jr., and J. A. Clark, "Pool Boiling in an Accelerating System",
ASME J. Heat Transfer, Aug. 1961.



-25- IMSC/A835805
1961, Cont.

Roennau, L., "Liquid-Gas Interface in Zero-G", Rept. No. 6101-637L-RU-000,

Final Report, Space Technology Labs., Inc., Redondo Beach, Calif., Dec. 31,
1961.

Siegel, R., "Transient Capillary Rise in Reduced and Zero-Gravity Fields",
ASME, Trans., Ser. E. J. Appl. Mech., Vol. 28, June 1961.

"Space Zero "G" Fuel Studies to Aid Centaur, Rover and Saturn Propulsion
Programs", Vol. 36, Feb. 1961.

Stehling, K. R., "Behavior of Liquid Hydrogen in a Space Environment!,

Appendix - The Aerobee Vehicle., Brit. Interplanetary Soc., J., Vol. 18,
Sept - Dec 1961. ,

Usiskin, C. M., and R. Siegel, "An Experimental Study of Boiling in Reduced
and Zero Gravity Fields", ASME, Trans., Ser. C. J. Heat Transfer, Vol. 83,
Aug. 1961.

Wiederhorn, C., "The Space Environment and its Interactions with Liquid Pro-
pellants and Their Storage Systems", Arthur D. Little, Inc., Cambridge, Mass.,
NASA Contr. NAS 5-66L, Rept. C-63270-02-1, Sept. 1961.

Zipkin, M. A., "Environmental Problems in the Design of Space Power Systems",
Aerospace Engineering, Vol. 20, No. 8, 1961.




-26- 1LMSC/A835805
1962

Andes, G. M., and J. E. McNutt, "Capillary Phenomena in Free Fall", J.
Aerospace Sci., Vol. 29, Jan. 1962.

Blackmon, J. B., "Dielectrophoretic Propellant Orientation in Zero Gravity",
Transactions of the 7th Symposium on Ballistic Missile and Space Technology,
U. S. Air Force Academy, Colo., Aug. 13-16, 1962.

See also: "Dielectrophoretic Propellant Orientation in Zero Gravity",
Douglas Aircraft Company, Santa Monica, Calif., 1962.

Brazinsky, I. and S. Weiss, "A Photographic Study of Liquid Hydrogen Under
Simulated Gravity Conditions", NASA ™ X-L79, Feb. 1962.

Callaghan, E. E., "Weightlessness", Machine Design, Vol. 3L, No. 2L, Oct. 11,
1962.

Henchley, R. B., "Liquid Propellant Losses During Space Flight", final re-
port, Arthur D. Little, Inc., Cambridge, Mass., Oct. 1962.

Hunter, B. J., J. E. Bell, and J. E., Penner, "Expulsion Bladders for Cryogenic
Fluids", Advances in Cryogenic Engineering, Vol. 7, New York: Plenum Press,

1962.

Krivetsky, A., et al, "Research on Zero-Gravity Expulsion Techniques",
final report, Bell Aerosystems Co., Buffalo, N. Y., March 1962.

Li. T., "Hydrostatics in Various Gravitational Fields", J. Chem. Phys., Vol.
36, No. 9, May 1962.

Newman, D., et al, "Development of Expulsion and Orientation Systems for
Advanced Liquid Rocket Propulsion Systems", Phase 1 Progress Report for

Period 1 June through 15 October 1962, Edwards AFB, Calif., Rocket Research
Labs., Dec. 1962.

Papell, S. S., "An Instability Effect on Two-Phase Heat Transfer for Sub-
cooled Water Flowing Under Conditions of Zero Gravity", American Rocket

Society, Space Power Systems Conference, Santa Monica, Calif., Sept. 25-25,
1962. 4 -

Petrash, D. A., and E. W. Otto, "Studies of the Liquid-vapor Interface Con-
figuration in Weightlessness", Paper 251l-62, American Rocket Society, Space
Power Systems Conference, Santa Monica, Calif., Sept. 25-28, 1962.

Petrash, D. A., R. F. Zappa, and E. W. Otto, "Experimental Study of the Ef-
fects of Weightlessness on the Configuration of Mercury and Alcohol in
Spherical Tanks", NASA TN D-1197, Apr. 1962.

Polk, R. L., "Subcritical Liquid Oxygen Storage and Conversion System for
Omnigravic Operation", Engineering Rept. AE-2072-R, Life Support Systems
Lab., Wright-Patterson AFB, Ohio, Dec. 1962.

Rod, R. L., "Propellant Gaging and C&ntrol", Instruments and Controcl Sys-
tems, Vol. 35, Oct. 1962.




-27- LMSC/A835805

1962, Cont.

Satterlee, H. M., "Propellant Control at Zero-g", Space/Aeronautics, Vol.
38, No. 1, July 1962.

See also: Satterlee, H. M., "Propellant Orientation, Venting, and Tempera-
ture Control Under Zero-gravity Conditions", Spacecraft Thermodynamics Sym-
posium, IMSC Research Labs, Palo Alto, Calif., Mar. 28, 1962.

Sherley, J. E., "The Final Report for the General Dynamics/Astronautics

Zero-G Program (May 1960-March 1962)", NASA CR-51278, General Dynamics/Astro-
nautics, August 1962.

Shuleikin, V. V., "Shape of the Surface of a Liquid in Process of Losing Its
Weightlessness", NASA TTF-8373, Jan. 1963. Transl. Doklady, A. N., USSR,
Vol. 1L7, No. 1, Nov. 1, 1962.

Shuleikin, V. V., "More on the Behavior of a Liquid Approaching Weightless-
ness", NASA TT F-837L, Transl. Diklady, A. N., USSR, Vol. 147, Dec. 11, 1962.

Unterburg, W., and J. Congelliere, "Zero Gravity Problems in Space Power-
plants: A Status Survey", ARS Journal, Vol. 32, No. 6, June 1962.




-28- IMSC/A835805
1963

Adelberg, M., "Effect of Gravity Upon Nucleate Boiling", Proceedings of
American Astronautical Society, Physical and Biological Phenomena under
Zero Gravity Conditions, 2nd Symposium, Los Angeles, Calif., Jan. 18, 1963.

See also: "Zero Gravity Heat Transfer", Proceedings of the Institute of
Environmental Sciences 1963 Annual Technical Meeting, Institute of Environ-
mental Sciences, Mt. Prospect, Illinois, April 1963.

Anliker, M., and W. S. Pi, "Effects of Geometry and Unidirectional Body

Forces on the Stability of Liquid Layers", SUDAER No. 150, Stanford Univ.,
March 1963.

Barcatta, F. A., H. L. Daley, A. H. Firestone, A. T. Forrester, "Zero G
Propellant Feed Systems for Cesium Ion Rocket Engines", AIAA, Electric
Propulsion Conference, Colorado Springs, Colo., Mar. 11-13, 1963.

Bell Aerospace Corp., "Development of Expulsion and Orientation Systems for
Advanced Liquid Rocket Propulsion Systems", Rept. No. 8219 933033, July 1963.

Berenson, P. J., "Fundamentals of Low Gravity Phenomena Relevant to Fluid
System Design", Proceedings of American Astronautical Society, Physical and
Biological Phenomena Under Zero Gravity Conditions, 2nd Symposium, Los
Angeles, Calif,, Jan. 18, 1963.

Blackmon, J. B.,, and J. F. Crocker, "Propellant Orientation in Zero Gravity
With Electric Fields", Physical and Biological Phenomena in a Weightless
State, Advances 1in the Aeronautical Sciences, Vol. 1L, Western Periodicals
Co., North Hollywood, Calif., Jan. 1963.

Blackmon, J. B., "Propellant Orientation in Zero Gravity With Electric Fields",
Proc., Aerospace Forum, II Session, 31lst IAS Meeting, New York, N. Y., Jan.
21"23, 1963n

Brady, A. P., et al, "Investigation of the Space Storability of Pressurizing
Gases", Interim Report, Feb 19, 1962-Feb 18, 1963. NASA CR-51520, Aug. 1963.

Clark, J. A., H. Merte, Jr., "Nucleate, Transition, and Film Boiling Heat
Transfer at Zero Gravity", Proceedings of American Astronautical Society,
Physical and Biological Phenomena Under Zero Gravity Conditions, 2nd Sym-
posium, Los Angeles, Cglif., Jan. 18, 1963.

Clodfelter, R. G., "Fluid Mechanics énd Tankage Design For Low Gravity En-
vironments", Technical Documentary Report, June 1961 - April 1963, Air Force

Systems Command, AF Aero-Propulsion Lab., Wright-Patterson AFB, Ohio, Sept.
1963,

Concus, P., "Capillary Stability in an Inverted Rectangular Tank", American
Astronautical Society, Physical and Biological Phenomena Under Zero Gravity
Conditions, 2nd Symposium, Los Angeles, Calif., Jan. 18, 1963.

Congelliere, J. T., Unterberg, W., and Zwick, E. B., "The Zero-G Flow Loop:
Steady-Flow, Zero-Gravity Simulation For Investigation of Two-Phase Phenomena',
American Astronautical Society, Physical and Biological Pnenomena Under Zero
Gravity Conditions, 2nd Symposium, Los Angeles, Calif., Jan. 18, 1963.




-29- 1LMSC/A835805

Colaprete, S. J., "Preliminary Investigation for a Zero-Gravity Water Separator",
North American Aviation, Inc., Environmental Lab., Los Angeles, Calif., 23 Sept.

1963.

Cummings, J. W., "Dynamic Techniques for Extending Zero G Duration", Proceedings,
American Astronautical Socilety, Physical and Biological Phenomena Under Zero
Gravity Conditions, 2nd Symposium, Los Angeles, Calif., Jan. 18, 1963.

DiMaggio, O. D., "Equilibrium Configuration of the Liquid-Vapor Interface In a
Rotating Container Under Zero G Conditions", Proceedings, American Astronautical
Society, Physical and Biological Phenomena Under Zero Gravity Conditions, 2nd
Symposium, Los Angeles, Calif., Jan. 18, 1963.

Draper, C. S., M. S. Sapuppo, and L. F. Hughes, "Accelerometer Design and Test-
ing for Zero-G Enviromment", Proceedings, American Astronautical Society,
Physical and Biological Phenomena Under Zero Gravity Conditions, 2nd Symposium
Los Angeles, Calif., Jan. 18, 1963.

Dynamic Science Corp., "Study of Forces on Propellants Due to Heat Transfer In-
fluencing Propellant Temperature in a Recovery-Type Vehicle", 15 Jan. 1963.

Evans, D. G., "Visual Study of Swirling and Nonswirling Two-Phase Two-Component
Flow at 1 and O Gravity", NASA ™ X-725, Aug. 1963.

Evans, R. L., and J. R. Olivier, "Proposal for Determining the Mass of Liquid
Propellant Within a Space Vehicle Propellant Tank Subjected to a Zero Gravity
Environment", NASA TN D-1571, March 1963.

See also: "Gas Laws Help Find Propellant Mass at Zero G", Space/Aeronautics,
Vol. 39, June 1963.

Gebhart, B., "Random Convection Under Conditions of Weightlessness'", ATAA
. Journal, Vol. 1, Feb. 1963.

Hedgepeth, L., and E. A. Zara, "Zero Gravity Pool Boiling", Aeronautical Systems
Division, USAF, Report No. ASD-TDR-63-706, Sept. 1963.

Hinds, D. E., and J. Cleveland, "Capillary Action Liquid Oxygen Converter for
Weightless Environment", Pioneer Central Div., Bendix Corp., Davenport, Iowa,
Jan. 1963. '

Jetter, R. I., "Orientation of Fluid Surfaces in Zero Gravity Through Surface
Tension Effects",, Proceedings, American Astronautical Society, Physical and
Biological Phenomena Under Zero Gravity Conditions, 2nd Symposium, Los Angeles,
Calif.,, Jan. 184 1963.

Kirk, D. A., "Means of Creating Simulated Variable Gravity Fields for the Study
of Free Convective Heat Transfer, ASD-TDR-63-250, Wright-Patterson Air Force
Base, Ohio, 1963. ‘

Lepper, R., "NSL Optical Epihydrogoniometer", Proceedings, American Astro-
nautical Soclety, Physical and Biological Phenomena Under Zero Gravity Condi-
tions, 2nd Symposium, Los Angeles, Calif., Jan. 18, 1963.




-30- IMSC/A835805

1963, Cont.

Lepper, R., "Northrop Space Laboratories Zero Gravity Simulation Facilities",
Institute of Environmental Sciences, 1963 Annual Technical Meeting, Proceed-
ings, Mt. Prospect, I1l., Institute of Environmental Sciences, 1963.

Merte, H., Jr., and J. A. Clark, "Boiling Heat Transfer with Cryogenic Fluids
at Standard Fractional, and Near-Zero Gravity", ASME Paper No. 63-HT-28, Aug.
1963.

Neu, J. T., and R. J. Good, "Equilibrium Behavior of Fluids in Containers at
Zero Gravity", ATIAA Journal, Vol. 1, No., s, Apr. 1963.

Petrash, D. A., R. C. Nussle, and E. W. Otto, "Effect of Surface Energy on the
Liquid-Vapor Interface Configuration During Weightlessness", NASA TN D-1582,
Jan. 1963.

Petrash, D. A., R. C. Nussle, and E. W. Otto, "Effect of Contact Angle and
Tank Geometry on the Configuration of the Liquid-Vapor Interface During Weight-
lessness", NASA TN D-2075, Oct. 1963.

Petrash, D. A., and T. M. Nelson, "Effect of Surface Energy on the Liquid-
Vapor Interface Configuration During Weightlessness", NASA TN-D-1582, Jan. 1963.

Povitskii, A. S., "World Without Gravity", transl. into English from Russian
newspaper, Izvestiya, Foreign Technology Div., Air Force Systems Command,
Wright-Patterson AFB., Ohio, Apr. 23, 1963.

Povitskii, A. S., and L. Y. Lyubin, ﬁEmptying and Filling Vessels in Conditions
of Weightlessness", Planetary and Space Science, Vol. 11, No. 11, (USSR), 1963.

Randolph, B. W., "Linear Approaches to the Dynamics of Fluids Subjected to Time
Varying Body Forces", Final Report, Apr. 1962 - Mar. 1963, Northrop Corp.,
Northrop Space Labs., Hawthorne, Calif., Apr. 1963.

Shuleykin, V. V., "Second Series of Ground Tests with Weightless Liquids",
Joint Publications Research Service, Washington, D. C., JPRS 23259, 17 Feb.
196L. Transl. into English from Dokl. Akad. Nauk SSSR (Moscow), V. 153, No. 6,
21 Dec. 1963.

Steinle, H. F., "Review of Zero-G Studies Performed at General Dynamics/Astro-
nautics", Proceedings, American Astronautical Society, Physical and Biological
Phenomena Under Zero Gravity Conditions, 2nd Symposium, Los Angeles, Calif.,
Jan. 18, 1963.

Suo, M., and P. Griffith, "Two Phase Flow in Capillary Tubes", National Magnet
Lab., Mass. Inst. of Tech., Cambridge, Tech. Rept. No. 8581-2l, March 1963.

Thompson, L., I. DePuy, V. Daniels, and W, Walters, "Study of Zero-Gravity
Positive Expulsion Techniques" (Interim Report, Apr. 16 1962 - Feb. 15 1963),
Bell Aerosystems Co., Buffalo, N. Y., NASA Contract NAS 7-1L9, June 1963.

Vander Velde, E., "An Experiment to Test Low-Level Accelerometers", Air,
Space, and Instruments, Draper Anniversary Volume, New York, McGraw-Hill
Book Co., Inc. 1963.




-31- 1LMSC/A835805

1963, Cont.

Wood, B., "A Zero Gravity Liquid Behavior Problem", Proceedings, American
Astronautical Society, Physical and Biological Phenomena Under Zero Gravity
Conditions, 2nd Symposium, Los Angeles, Calif., Jan. 18, 1963.




-32- LMSC/AB35805

196l

Abdalla, K. L., R. A. Faage, and R. G. Jackson, "Zero-Gravity Performance of
Ullage Control Surface with Liquid Hydrogen While Subjected to Unsymmetrical
Radiant Heating." NASA-TM-X-1001, August 196l.

Allingham, W. D., "Investigation of Positive Displacement Cryogenic Fluid Ex-
pulsion Techniques", Boeing Co., Seattle, Wash., 196L.

Aydelott, J. C., E. L. Corpas, and R. P. Gruber, "Comparison of Pressure Rise
in a Hydrogen Dewar for Homogenous, Normal-Gravity Quiescent, and Zero-Gravity
Conditions -- Flight 7", NASA-TM-X-1006, Sept. 196L.

Bell Aerosystems Company, "Study of Zero-Gravity Positive Expulsion Techniques",
Interim Report No. 8230-933007, Contract NAS 7-1L9, 16 March 1963 - 15 Jan. 196L.

Benton, W., A. Cohen, G. Gustafson, and C. Lankton, "Propellant Storability

in Space", Final Rept. 15 May 63 - 30 Juné 6L, Contract AFOL (611)-9078, RPL
TDR 6L 75, GE Co., Philadelphia, Pa., June 196h

Blackshear, W., and D. G. Eide, "The Equilibrium Free Surface of a Contained
Liquid Under Low Gravity and Centrifugal Forces", NASA TN-D-2471, Oct. 196L.

Chernous'ko, Fe L., "Motion of a Solid Body with a Cavity Containing an Ideal
Fluid and an Air Bubble", PMM No. 1.28, No. L, 196L (Translation).

Chin, J. H. and L. W. Gallagher, "Effect of Fluid Motion on Free Surface Shape
Under Reduced Gravity", ATAA Journal, Dec. 196L.

Chu, W., "Fuel Sloshing in a Spherical Tank Filled to an Arbitrary Depth",
AJAA Journal, Vol. 2, No. 11, Nov. 196L.

Clark, J. A., "A Review of Pressurization, Stratification, and Interfacial
Phenomena", Cryogenic Engineering Conference, Philadelphia, Pa., Paper A-6,

196k.

Cline, F. B., "Saturn 1-B Liquid Hydrogen Orbital Experiment Definition",
NASA-TM-X~53158, 12 Nov. 196kL.

Clodfelter, R. G., "Low-Gravity Pool-Boiling Heat Transfer"; Rept. APL-TDR-
6L4-19, Air Force Systems Command, Wright-Patterson Air Force Systems Command,
Wright-Patterson Air Force Base, Ohid, March 196l.

Concus, P., "Capillary Stability in an Inverted Rectangular Channel for Free
Surfaces With Curvature of Changing Slgn" ATAA Journal, Vol. 2, No. 12, Dec.
196L. :

Heath, C. A., and C. P. Costello, "The Effect of the Orientation and Magnitude
of Gravity Fields Upon Film Boiling From a Flat Plate", University of Washing-
ton College of Engineering, May 196k,

Hung, F. C., E. T. Benedikt, T. C. Li and R. Halliburton, "Propellant Behaviar
in Zero Gravity (Final Report)", NASA CR-62508, North American Aviation, Inc.,
Nov. 196L.




-33- LMSC/A835805
196, Cont.

Hurwitz, M., E. J. Fahimian, and J. M. Reynolds, "Zero Gravity Control of
Hydrogen and Cesium by Electrical Phenomena', Final Report, Dynatech Corp.,
Cambridge, Mass., April 196kL.

Keshock, E. G., and R. Siegel, "Forces Acting on Bubbles in Nucleate Boiling
Under Normal and Reduced Gravity Conditions", NASA TN D-2299, Aug. 196l.

See also: "Effects of Reduced Gravity on Nucleate Boiling Bubble Dynamics
in Saturated Water", AIChE Journal, V. 10, No. L, July 196L.

Manson, L., "A Technique for the Simulation of Thermal Behavior of Fluids in
a Low-Gravity Field", Cryogenic Engineering Conference, Philadelphia, Pa.,

196l.

Masica, W. J., D. A, Petrash, and E. W. Otto, "Hydrostatic Stability of the
Liquid-Vapor Interface in a Gravitational Field", NASA TN D-2267, May 196L.

Masica, W. J., J. D, Derdul, and D. A, Petrash, "Hydrostatic Stability of
the Liquid-Vapor Interface in a Low-Acceleration Field", NASA TN-D-2LLkL,
August 196kL.

McGrew, J. L., D. W. Murphy, and R. V. Bailey, "Boiling Heat Transfer in a
Zero Gravity Environment", SAE-ASME National Air Transport and Space Meeting,
April 196L.

Moiseev, N. N., A. D, Myshkis, and A. A, Petrov, "On the Problems of Hydro-
dynamics in Cosmonautics", International Astronautical Federation, 15th
International Astronautical Congress, Warsaw, Poland, Sept. 7-12, 196L.

Otto, E. W., "Static and Dynamic Behavior of the Liquid-Vapor Interface During
Weightlessness", NASA ™ X-52016, April 196L.

Papell, S. S., "An Instability Effect on Two-Phase Heat Transfer for Subcooled
Water Flowing Under Conditions of Zero Gravity," NASA TN D-2259, Nov. 196L.

Paynter, H., R. Marsh, V. Tyler, and C. Mackenzie, "Zero-G Liquid Propellant
Orientation by Passive Control", Paper 8620, SAE/ASME Natlonal Air Transport
and Space Meeting, New York, Apr11 196l.

Paynter, H. L., "Time for a Totally Wetting Liquid to Reform from a Gravity-
Dominated to a Nulled-Grav1ty Equlllbrlum State", ATAA Journal, Vol. 2, No.
9, Sept. 196L. .

Petrov, A. A., "Variational Statement of the Problem of Liquid Motion in a
Container of Finite Dimensions", PMM Vol. 28, No. L, 1964 (translation).

"Propellant Stability in Space", Tech. Doc. Rept. No. RPL-TDR-6L4-75 (Final),
Rocket Propulsion Laboratory, Research and Technology Division, Air Force
Systems Command, Egwards Air Force Base, June 196L.

Regetz, J. D., Conroy, M. J., and R. G. Jackson, "Weightlessness Experiments
With Liquid Hydrogen in Aerobee Sounding Rockets; Nonuniform Radiant Heat
Addition - Flight L", NASA ™ X-873, Feb. 196L.




~3kL- 1MSC/A835805

196).1z Cont.

Reynolds, W. C., M. A. Saad, and H. M. Satterlee, "Capillary Hydrostatics and
Hydrodynamics at Low-g", Tech. Rept. No. LG-3, Mechanical Engineering Dept.,
Stanford University, Stanford, Calif., Sept. 1, 196L.

Rex, J., and B. A, Knight, "An Experimental Assessment of the Heat Transfer
Properties of Propane in a Near-Zero Gravity Environment!", U.D.C. No. 547.213:
536.23: 531.51, Technical Note No. Space 69, Royal Aircraft Establishment,
London, Aug. 1, 196L.

Rumiantsev, V. V., "On the Stability of Motion of a Rigid Body Containing a
Fluid Possessing Surface Tension", PMM Vol. 28, No. L, 196L.

Saad, M. A., and D. A. Oliver, "Linearized Time Dependent Free Surface Flow
in Rectangular and Cylindrical Tanks", Proceedings of the Heat Transfer and
Fluid Mechanics Institute, Stanford University Press, 196lL.:

Satterlee, H. M., and W. C. Reynolds, "The Dynamics of the Free Liquid Sur-
face in Cylindrical Containers Under Strong Capillary and Weak Gravity Con-
ditions", Dept. of Mechanical Engineering, Rept. LG-2, Stanford University,
Stanford, Calif., 196L.

Scriven, L. E.,;and C. V. Sternling, "On Cellular Convection Driven by Surface
Tension Gradients; Effects of Mean Surface Tension and Viscosity", JFM, Vol.
19, Part 3, 196L.

Selyakov, V., "Peculiarities of Dynamic Weightlessness", Air Force Systems
Command, Wright-Patterson AFB, Ohio, Foreign Technology Division, FTD-MT-63-19;
AD-602571, 196L.

Siegert, E., D. A. Petrash, and E. W. Otto, "Time Response of Liquid-Vapor
Interface After Entering Weightlessness", NASA-LeRC, Cleveland, Ohio, NASA-TN-
D-2458, August 196L.

Zenkevich, V. B., "On the Behavior of a Liquid Under Conditions of Weightless-
ness", High Temperature, Vol. 2, March - April 196L.



-35- LMSC/A835805
1965

Abdalla, K. L., et al, "Pressure Rise Characteristics for a Liquid Hydrogen
Dewar for Homogeneous, Normal-Gravity Quiescent and Zero~-G Tests", NASA
™X-113L, Sept. 1965.

Adelberg, M., "Boiling Condensation and Convection in a Gravitational Field",
ATIchE National Meeting, Feb. 1965.

Albers, J. A., and R. P. Macosko, "Experimental Pressure-Drop Investigation
of Nonwetting, Condensing Flow of Mercury Vapor in a Constant-Diameter Tube
in 1-G and Zero-Gravity Environments", NASA-TN-D-2838, June 1965.

Bhuta, P. G., and L. R. Koval, "Sloshing of a Liquid in a Draining or Filling
Tank Under Variable G Conditions", USAF, Office of Scientific Research, and
Lockheed Missiles and Space Co., Symposium on Fluid Mechanics and Heat Transfer
Under Low Gravitational Conditions, Palo Alto, Calif., June 24, 25, 1965.

Bitten, J. F., "Liquid Oxygen Converter", American Institute of Chemical En-
gineers, 55th National Meeting, Symposium on Effects of Zero Gravity on Fluid
Dynamics and Heat Transfer - Part II, Houston, Texas, Feb. 7-11, 1965.

Blackmon, J. B., "Collection of Liquid Propellants in Zero Gravity with Electric
Fields", Journal of Spacecraft and Rockets, Vol. 2, May - June 1965.

Boraas, S., D. Chipchak, C. Schmidt, and L. Vecchies, "Evaluation of Propellant
Containment and Venting Devices for Zero Gravity Applications", AFRPL-TR-65-118
(final report), June 1965.

Bowman, T. E., "Liquid Settling in Large Tanks", USAF, Office of Scientific
Research, and Lockheed Missiles & Space Co., Symposium on Fluid Mechanics and

Heat Transfer Under Low Gravitational Conditions, Palo Alto, Calif., June 25 -
26, 1965.

Chernous'ko, F. L., "Self-Similar Motion of Fluid Under the Action of Surface
Tension", Prikladnaia Matematika i Mekhanika, Vol. 29, Jan-Feb. 1965.

Concus, P., G. E. Crane, and L. M. Perko, "Inviscid Fluid Flow in an Accelerating
Axisymmetric Container", USAF, Office of Scientific Research, and Lockheed
Missiles & Space Co., Symposium on Fluid Mechanics and Heat Transfer Under Low
Gravitational Conditions, Palo Alto, Calif., June 2L, 25, 1965.

Fung, F. C. W., "Dynamic Response of Liquids in Partially-Filled Containers
Suddenly Experiencing Weightlessness", USAF, Office of Scientific Research, and
Lockheed Missiles & Space Co., Sympogium on Fluid Mechanics and Heat Transfer
Under Low Gravitational Conditions, Palo Alto, Calif., June 2L, 25, 1965.

Garriott, R. and G. A. Burns, "Zero-G Propellant Gauging Utilizing Radio Fre-

quency Techniques in a Spherical Resonator", IEEE Transactions on Aerospace,
Vol. AS-3, Feb. 1965.

Gluck, D. F., and J. P. Gille, "Fluid Mechanics of Zero-G Propellant Transfer
in Spacecraft Propulsion Systems", ASME Transactions, Series B, Journal of
Engineering for Industry, Feb. 1965.



-36- LMSC/AB35805

1965, Cont.

Gluck, D. F., J. P. Gille, D. J. Simkin, and E. E. Zukoski, "Distortion of
the Liquid Surface During Tank Discharge Under Low-g Conditions", Aerospace
Volume of AIChE Symposium Series, 1965.

Heald, D. A., and X. D. Holland, "Centaur Hydrogen Tank Venting Experience'",
ATAA/NASA Flight Testing Conference, Huntsville, Ala., Feb. 1965.

Hollister, M. P., and H. M. Satterlee, "Low Gravity Liquid Reorientation", USAF
Office of Scientific Research and Lockheed Missiles & Space Co., Symposium on
Fluid Mechanics and Heat Transfer Under Low Gravitational Conditions, Palo Alto,
June 2L, 25, 1965.

Hwang, C., "Longitudinal Sloshing of a Liquid in a Flexible Hemispherical Tank",
ASME Paper 65-APM-1l, Applied Mechanics/Fluids Engineering Conference, Washington,
D. C., June 1965.

Kallis, S. A. Jr., "Problems of Liquid Behavior in Weightless Environments",
Chrysler Corp., Huntsville, Ala., 30 Apr. 1965.

Kosmahl, H. G., "Optimum Design of Magnetic Braking Coils With Special Appli-
cation to Lewis Drop Tower Experiments", NASA TN-D-3132, Dec. 1965.

Koval, L. R., and P. G. Bhuta, "A Direct Solution for Capillary-Gravity Waves
in a Cylindrical Tank", EM-15-1, 98L0-6011-RU000, TRW Space Technology Labora-
tories, One Space Park, Redondo Beach, Calif., March 1965.

Lancet, R. T., P. Abramson and R, P. Forslund, "The Fluid Mechanics of Con-
densing Mercury in a Low-Gravity Enviromment", USAF Office of Scientific Re-
search and Lockheed Missiles & Space Co., Symposium on Fluid Mechanics and

Heat Transfer Under Low CGravitational Conditions, Palo Alto, June 2L, 25,
1965.

Le Boiteux, H., "The Onera Laboratory for Research on Weightlessness", Air
et Cosmos, Apr. 17, 1965.

Lomen, D. O., "Digital Analysis of Liquid Propellant Sloshing in Mobile Tanks
with Rotational Symmetry", NASA CR-230, May 1965.

Moore, H. E., and L. M. Perko, "Inviscid Fluid Flow in an Accelerating Cylindrical
Container", J. Fluid Mech., Vol. 22, Part 2, 1965.

Masica, W. J., and D. A. Petrash, "Motion of Liquid-Vapor Interface in Response
to Imposed Acceleration", NASA TN D-3005, Sept. 1965.

Masica, W. J., and J. A. Salzman, "An Experimental Investigation of the Dynamic
Behavior of the Liquid-Vapor Interfacs Under Adverse Low-Gravitational Condi-
tions", USAF, Office of Scientific Research, and Lockheed Missiles & Space Co.,
Symposium on Fluid Mechanics and Heat Transfer Under Low Gravitabtional Condi-
tions, Palo Alto, Calif., June 2L, 25, 1965.

Nussle, R. C., J. D. Derdul,.and D. A. Petrash, "Photographic Study of Propel-
lant Outflow from a Cylindrical Tank During Weightlessness", NASA-TN-D-2572,
Jan. 1965.




-37- LMSC/A835805

19552 Cont.

O'Loughlin, J. R., "Liquid Film Drain From an Accelerating Tank Wall", ATAA
Journal, Vol. 3, Jan. 1965.

Otto, E. W., "Static and Dynamic Behavior of the Liquid-Vapor Interface During
Weightlessness", Preprint 17a, American Institute of Chemical Engineers, 55th
National Meeting, Symposium on Effects of Zero Gravity on Fluid Dynamics and
Heat Transfer - Part I, Houston, Texas, Feb. 7-11, 1965.

Paynter, H. L., "The Martin Company's Low-G Experimental Facility", USAF, Of-
fice of Scientific Research and Lockheed Missiles & Space Co., Symposium on
Fluid Mechanics and Heat Transfer Under Low Gravitational Conditions, Palo
Alto, June 2L, 25, 1965.

Porter, J., and D, A. Clayton, "An Introduction to Zero-g Research at the Royal
Aircraft Establishment", RAE TR 65016, Ministry of Aviation, Farnborough Hants,
Feb. 1965.

Porter, R. N., and H. B. Stanford, "Positive Expulsion Devices Assure Smooth,
Reliable Starts for Spacecraft in Zero-g Space," SAE Journal, Aug. 1965.

Randolph, B. W., "Fluid Dynamics in 4 Cylindrical Container After Gravitational
Body Force Vanishes Abruptly", ASME Paper 65-AV-L3, Aviation and Space Confer-
ence, Los Angeles, Calif., March 1965.

Reiter, G. S., and D, A, Lee, "Zero Gravity Stability Testing of a Liquid-Filled
Space Vehicle", Preprint 17c, American Institute of Chemical Engineers, 55th
National Meeting, Symposium on Effects of Zero Gravity on Fluid Dynamics and
Heat Transfer- Part I, Houston, Texas, Feb. 7-11, 1965.

Satterlee, H. M., and J. H. Chin, "Meniscus Shape Under Reduced-Gravity Condi-
tions", USAF, Office of Scientific Research, and Lockheed Missiles & Space Co.,
Symposium on Fluid Mechanics and Heat Transfer under Low Gravitational Condi-
tions, Palo Alto, Calif., June 24, 25, 1965.

Schwartz, S. H., and M. Adelberg, "Some Thermal Aspects of a Contained Fluid in
a Reduced Gravity Field", USAF, Office of Scientific Research, and Lockheed
Missiles & Space Co., Symposium on Fluid Mechanics and Heat Transfer Under Low
Gravitational Conditions, Palo Alto, June 2L, 25, 1965.

Seebold, J. G., and W. C. Reynolds, "Shape and Stability of the Liquid-Gas
Interface in a Rotating Cylindrical Tank at Low G", USAF, Office of Scientific
Research, and Lockheed Missiles & Space Co., Symposium on Fluid Mechanics and

Heat Transfer Under Low Gravitational Conditions, Palo Alto, Calif., June 25,
25, 1965.

Seebold, J. G., and W. C. Reynolds, "Configuration and Stability of a Rotating
Axisymmetric Meniscus at Low g", Technical Report LG-L, Dept. of Mechanical
Engineering, Stanford University, 1965.

Siegel, R., and J. R. Howell, "Critical Heat Flux for Saturated Pool Boiling
from Horizontal and Vertical Wires in Reduced Gravity", NASA TN-D-3123, Decz.

1965.




-38- 1MSC/A835805

19652 Cont.

Siegert, C. E., D. A. Petrash, and E. W. Otto, "Behavior of Liquid-Vapor

Interface of Cryogenic Liquids During Weightlessness", NASA TN-D-2658, Feb.
1965.

Smith, R. D., "Interfacial Stability of Liquid Layers on Elastic Surfaces",
USAF, Office of Scientific Research, and Lockheed Missiles & Space Co.,
Symposium on Fluid Mechanics and Heat Transfer Under Low Gravitational Con-
ditions, Palo Alto, Calif., June 24, 25, 1965.

Smith, J. M,, R. M. Cima, and Y. Li, "The Application of Hydrophilic and Hydro-
pledsic Surfaces for Phase Separation in a Low-g Environment", USAF, Office of
Scientific Research, and Lockheed Missiles & Space Co., Symposium on Fluid
Mechanics and Heat Transfer Under Low Gravitational Conditions, Palo Alto,

June 2L, 25, 1965.

Stephens, D. G., "Experimental Investigation of Liquid Impace in a Model
Propellant Tank", NASA TN D-2913, Oct. 1965.

"Subcooled Boiling in a Negligible Gravity Field", NASA CR 63419, May 1965.

Swalley, F. E., G. K. Platt, and L. J. Hastings, "Saturn V Low-Gravity Fluid
Mechanics Problems and Their Investigation by Full-Scale Orbital Experiment",
USAY¥, Office of Scientific Research, and Lockheed Missiles & Space Co.,
Symposium on Fluid Mechanics and Heat Transfer Under Low Gravitational Con-
ditions, Palo Alto, June 24, 25, 19€S.

Tong, P., and Y, C. Fung, "The Effect of Wall Elasticity and Surface Tension
on the Forced Oscillations of a Liquid in a Cylindrical Container", USAF,
Office of Scientific Research, and Lockheed Missiles & Space Co., Symposium
on Fluid Mechanics and Heat Transfer Under Low Gravitational Conditions, Palo
Alto, June 2L, 25, 1965.

Welch, N. E., and E. Funk, "Distribution of Noncondensable Gases in Liquids
Under Low-G Conditions", USAF, Office of Scientific Research, and Lockheed
Missiles & Space Co., Symposium on Fluid Mechanics and Heat Transfer Under
Low Gravitational Conditions, Palo Alto, June 2L, 25, 1965.

Yeh, G. C. K., and R. E. Hutton, "Static Configurations of the Liquid-Vapor
Interface in an Axisymmetric Tank in Various Gravitational Fields", EM-15-2,
981,0-6010-RUO00, TRW Space Technology Laboratories, Inc., One Space Park,
Redondo Beach, Calif., March 1965.




—

-39- 1LMSC/A835805
1966

Adelberg, M., and S. H. Schwartz, "Scaling of Fluids for Studying the Effect
of Gravity upon Nucleate Boiling", Proceedings of the Institute of Environ-
mental Sciences Annual Technical Meeting, April 13-15, 1966.

Albers, J. A., and R. P. Macosko, '"Condensation Pressure Drop of Nonwetting

Mercury in a Uniformly Tapered Tube in 1l-g and Zero-Gravity", NASA TN D-3185,
Jan., 1966.

Bowman, T. E., "Dynmamics of an Axi-symmetric Liquid Free Surface Following a
Stepwise Acceleration Change", Proceedings of the Institute of Environmental
Sciences Annual Technical Meeting, April 13-15, 1966.

Bowman, T. E., "Response of the Free Surface of a Cylindrically Contained
Liguid to Off-axis Accelerations," Proc. Heat Transfer and Fluid Mechanics
Institute, Stanford University Press, Stanford, Calif., June 22-24, 1966.

Fendell, F. E., "Heat Transfer to Rotating Cryogenic Fuel Tanks in Orbit",

Paper No. 66-432, AIAA Lth Aerospace Sciences Meeting, Los Angeles, Calif.,
June 27-29, 1966.

Koval, L. R., and P. G. Bhuta, "Slosh Control by Dielectrophoresis", Pro-
ceedings of the Institute of Envirommental Sciences Annual Technical Meet-
ing, April 13-15, 1966.

Rose, R. G., "Dynamic Analysis of Longitudinal Instability in Liquid Rockets",
Paper No. 66-472, ATAA Lth Aerospace Sciences Meeting, Los Angeles, Calif.,
June 27-29, 1966. .

Seebold, J. G., M. P. Hollister, and H. M. Satterlee, "Capillary Hydrostatics

in Annular Tanks", Paper No. 66-425, ATIAA Lth Aerospace Sciences Meeting, Los
Angeles, Calif., June 27-29, 1966.



