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Modeling and prediction of flowfields and geyser formation in microgravity cryogenic propellant tanks were

investigated.A computational simulationwas used to reproduce the testmatrix of experimental results performed by

other investigators, aswell as tomodel theflows in a larger tank.Anunderprediction of geyser height by themodel led

to a sensitivity study to determine if variations in surface tension coefficient, contact angle, or jet pipe turbulence

significantly influence the simulations. It was determined that computational geyser height is not sensitive to slight

variations in any of these items. An existing empirical correlation based on dimensionless parameters was

reexamined in an effort to improve the accuracy of geyser prediction. This resulted in the proposal for a

reformulation of two dimensionless parameters used in the correlation: the nondimensional geyser height and the

Bond number. It was concluded that the new nondimensional geyser height shows little promise. Although further

data will be required to make a definite judgment, the reformulation of the Bond number provided correlations that

are more accurate and appear to be more general than the previously established correlation.

Nomenclature

a = acceleration
Bo = Bond number
D = diameter
F = flow characterization parameter
G = nondimensional geyser height
h = height
R = radius
We = Weber number
� = density
� = surface tension coefficient

Subscripts

AYD = Aydelott
j = jet at the liquid–vapor interface
o = pipe outlet
TH = Thornton–Hochstein
t = tank

I. Introduction

L ONG-DURATION spacecraft missions will require that rocket
propellants be stored and maintained for future use. In the case

of cryogenic liquid propellants, tank self-pressurization will be a
significant problem.Despite insulation, incident solar radiation heats
the cryogenic fluid, causing liquid to vaporize and raise the pressure
inside the tank. If this self-pressurization were allowed to continue
unchecked, the tank would rupture. A stronger tank could help, but
this would require an undesirable increase in vehicle mass. Another
solution to the tank pressurization problem is to vent the tank. Tank

venting is undesirable because it wastes valuable propellant. In
addition, due to the lack of gravity to positively orient the propellant
in a predictable manner, it would be impossible to locate a vent from
which it could be certain that only vapor would be vented. In fact,
even in partially filled tanks, it is possible that the entire tank surface
could be wetted, due to the influence of surface tension in a
microgravity environment.

One alternative solution to the tank self-pressurization problem is
a thermodynamic vent system (TVS) [1,2]. The TVSwould extract a
small portion of the bulk liquid from the tank and pass it through a
Joule–Thomson valve, resulting in a reduction in temperature aswell
as pressure. Once cooled, the fluid would be routed through a heat
exchanger, which is used to cool a separate flow of propellant
extracted from the bulk liquid. If the fluid leaving the Joule–
Thomson valve is a two-phase mixture, it will continue changing
phase in the heat exchanger until it is completely vaporized and will
eventually be sacrificially vented overboard. The other stream of
cooled liquid could then be pumped from the heat exchanger back
into the tank and injected through an axial jet pipe located at the fore
end of the tank. The jet flow provides several benefits, including
mixing of the bulk liquid, which helps to reduce temperature
gradients and in turn helps prevent evaporation of the propellant [3].
Introduction of the cooled liquid also reduces the temperature of the
bulk fluid. In addition, if the jet has a moderate amount of
momentum, it can cause the formation of a geyser at the liquid/vapor
interface. The increased surface area of the free surface due to the
formation of a geyser would help promote condensation, thus
reducing the pressure even further. At higher levels of jet
momentum, the geyser will strike the opposite end of the tank and
either form a separate pool or roll down the tankwalls, remixing with
the bulk fluid. As the fluid comes around the tank walls, there will
also be a cooling effect on the wall. However, the addition of
excessive kinetic energy to the bulk fluid would eventually result in
undesirable heat generation through viscous dissipation.

A limited number of experiments have been conducted to
investigate jet-induced mixing in reduced gravity. Aydelott [1,2]
performed the first small-scale drop-tower experiments using axial
jets injected into four different tanks partially filled with ethanol. The
four tanks were a spherical tank, a cylindrical tank with
hemispherical heads, and two small-scale Centaur liquid hydrogen
tanks. He identified the four distinct jet flow patterns presented in
Fig. 1. Regime I occurs when themomentum is dissipated in the bulk
liquid and the surface is not disturbed. Regime II occurs when the
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geyser forms at the surface, but does not reach the opposite end of the
tank. Regime III occurswhen thefluid reaches the opposite end of the
tank and pools at that end. Regime IV occurs when the fluid reaches
the opposite end of the tank and flows back along the walls of the
tank, returning to the bulkfluid.Aydelott investigatedmixing rates of
the injected fluid and presented predicted flow patterns for partially
and fully turbulent axial jets based on empirical correlations of the
experiment data.

The ability to predict the flow pattern for any given combination of
tank geometry, tank fill level, gravitational acceleration, and jet
momentum is crucial for optimization and implementation of a TVS.
A study of geysers and their formation is therefore a necessary task in
the development process of the TVS concept. Thus, the focus of the
present investigation is to enhance a computational model to simulate
jet-induced mixing in reduced gravity and to validate the simulation
results against the available Aydelott [1,2] experiment data.

II. Mathematical Formulation

At the temperatures and pressures associated with propellant
storage tanks, liquid propellants are well-characterized as
incompressible, constant-property, Newtonian fluids. The two-
dimensional Navier–Stokes equations, which describe the unsteady
turbulent flow of such a fluid expressed in cylindrical coordinates,
can be expressed in cylindrical coordinates as follows:
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Equation (3) presents themathematical formulation used to model
a turbulent jet. The Jones and Launder [4] k-" model has been
modified by the Pope [5] round-jet correction term. This combination
was usedwith reasonable success byHochstein et al. [6] in a previous
study of geyser formation. This turbulence model uses the
Boussinesq concept of a turbulent eddy viscosity �t to model
Reynolds stress, a term introduced into the momentum equations by

the Reynolds-averaging process. The sum of the eddy viscosity and
the molecular viscosity � is the effective viscosity.

Turbulent kinetic energy:
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Dissipation rate:
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Kinematic eddy viscosity:

vt � C�
k2

"

Auxiliary relations and coefficients:

C"1 � 1:6 C"2 � 1:92 C"3 � 0:79 C� � 0:09

�k � 1:0 �" � 1:3

III. Microgravity Jet-Induced Geyser Simulation

A. Computational Model

The complexity and expense of microgravity experimentation
severely limits the amount of data that can be, and has been, collected
on microgravity geyser formation. Therefore, an attractive
alternative is the use of computational fluid dynamics (CFD) to
model the geyser flows. The use of a CFD code can significantly
reduce the cost of investigating the microgravity geyser phenomena,
as well as allow for easy manipulation of parameters such as tank
size, fluid properties, jet momentum levels, and gravitational
acceleration levels.

The ECLIPSE code, a variant of RIPPLE [7], was used for the
computational studies presented herein. ECLIPSEwas chosen for its
previously demonstrated ability to model transient, two-dimen-
sional, laminar, incompressible fluid flows with free surfaces of
general topology and to specifically model geyser flows in reduced
gravity [8–11]. Aflowfield is discretized intofinite volumes to form a
regular nonuniform mesh. ECLIPSE models free surfaces with

Fig. 1 Geyser flow patterns.
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volume-of-fluid data on the mesh, and a continuum-surface-force
model is used to model surface tension. Staggered-grid differential
equation approximations result in a system of algebraic equations
that are solved by a two-step projection method employing an
incomplete Cholesky conjugate-gradient-solution technique for the
pressure Poisson equation. One of the features added to RIPPLE to
produce ECLIPSE is the implementation of the two-equation Jones–
Launder–Pope k � " turbulence model.

To simulate jet flows, several types of boundary conditions are
considered. For solid-wall boundary conditions, the impermeable
no-slip condition is imposed, and for lines of symmetry, a free-slip
impermeable condition is imposed. Resolving gradients near the
walls would require highly refined meshes to resolve flow details in
the wall region, which is not practical in terms of computer time for
application. Therefore, the following turbulent wall conditions are
enforced in the first cell away from the wall. It has been shown that
these conditions are reasonable for applications characterized
predominantly as free-shear flows [12], such as jet-induced mixing.
For the k-"model, the turbulent kinetic energy k is set to zero and the
dissipation rate " is determined using the law of the wall:

"� C
3=4
� k3=2

�y
as y! 0 (4)

The inlet conditions due to the jet for k-" are specified as the
turbulent values for fully developed pipe flow, presented by Pun and
Spalding [13]:

kinlet � 0:005�Ujet�2 (5)

"inlet � C�
k3=2

0:03�Rjet�
(6)

The jet is modeled by specifying a Dirichlet velocity condition.

B. Simulation Validation

The focus of the present research is to accurately simulate
turbulent jets in a low-gravity environment. Because of the limited
availability of experimental data for reduced-gravity flows, the test
matrix is a subset of the drop-tower tests performed by Aydelott [1].
This subset includes only fully turbulent jet flows characterized by a
jet Reynolds number greater than 1000 [14]. The geometry of the
tank used in the simulations corresponds to Aydelott’s [1] tank A, a

Plexiglas cylindrical (5-cm radius � 20-cm height) tank with
hemispherical end caps. The jet tube has a 0.2-cm radius and is
1 cm in height. The fluid properties used in the experiments and
simulations correspond to ethanol at 20�C. A static contact angle of
20 deg is specified in the simulations (which show that geyser
formation is insensitive to this parameter).

The size of the computational mesh used to model the Aydelott
small-scale tank was 44 radial cells by 102 axial cells, or 4488 total
computational cells. This mesh shown in Fig. 2 was demonstrated to
give results of comparable accuracy to finer meshes, in particular,
156 by 187 cells, or 10,472 total cells. Any finer mesh would only
increase simulation run times without gaining simulation accuracy.
Thus, this mesh was employed for all further simulations of the
Aydelott [1] small-scale tank. Each rectangle in this mesh represents
an annular ring, consistent with the cylindrical geometry of the tank.
The tank centerline is coincident with the left boundary of the mesh
and the right boundary represents the tank wall. The computational
simulation employed a no-slip boundary condition at the right mesh
boundary (tank barrel section) and along the hemispherical end caps.
A free-slip condition is imposed at the left mesh boundary. Turbulent
boundary conditions were enforced at the jet inlet [Eq. (5) and (6)]
and along the solid walls [Eq. (4)]. To model the experiment
conditions, the simulation was initialized with a low-gravity
equilibrium meniscus. The jet was then activated for 3.1 s to match
the experiment time. Figure 2 shows a sample sequence of flowfield
predictions for a pattern-II turbulent jet in reduced gravity. The
contour line represents the free surface. The shaded regions in the
flowfields are composed of velocity vectors.

Table 1 shows the measured and simulated geyser heights for the
subset of experiment cases, also displayed in dimensionless form, as
a function of the Weber number and Bond number as defined by
Aydelott [1], where

Bo�
a�R2

j

�
� acceleration force

surface tension force
(7)

We� �V
2
oR

2
o

�Dj

� inertia force

surface tension force
(8)

GAYD �
hg
Rt
� geyser height

tank radius
(9)

Fig. 2 Sample flowfield predictions for a pattern-II turbulent jet in reduced gravity (experiment case 24).
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where o indicates the jet at the pipe outlet, j indicates the jet at the
liquid–vapor interface, and t indicates the tank. Also, note that hg is
measured from the initial height of the free surface above the jet
outlet. To determine the jet radius at the liquid–vapor interface,
Aydelott [1] used the following approximate expressions for a
turbulent jet derived by Symons and Staskus [15], which are
dependent upon the liquid height above the jet outlet hb:

Rj � Ro � 0:12hb ! hb � 12:4Ro (10)

Rj � 0:11Ro � 0:19hb ! hb > 12:4Ro (11)

These equations are for completely turbulent jets, whereas there are
other similar relations for laminar jets and partially turbulent jets.

The correct flow pattern is predicted by the simulation in all cases
but one. On average, the geyser height is overpredicted for the 14
cases (10 were overpredicted and 4 were underpredicted). The
challenge, then, is to determine a reasonable threshold for
determining whether the simulation yields acceptable predictions
when compared with the experiment data. Aydelott [1] performed
each case in his experiment test matrix only once and he did not
quantify uncertainty. The parallax issues associated with acquiring
video data through a cylindrical Plexiglas container suggest that
there is a fair amount of uncertainty in the measurements. This
uncertainty applies not only to measured and predicted geyser
heights, but also to the specification of the initial conditions, which
are used in the simulation and based on reported experiment
conditions. Yet, he does report dimensionless geyser heights using
three significant digits, the apparent resolution of his measurement
instrument. Although this level of agreement should be useful for
predicting trends and has been useful for predicting flow patterns, it
prompted an investigation into the sensitivity of the computational
simulation to user-specified parameters: surface tension coefficient,
contact angle, and inlet turbulence quantities.

C. Model Sensitivity

Aydelott’s [1] experiments were conducted in Plexiglas tanks that
were carefully cleaned before filling with ethanol; even a small
amount of contaminant can significantly alter the surface tension
coefficient �. The literature does not indicate that any of the physical
properties of the fluid were measured, and it appears that all
calculations related to the experiments have been performed using
standard published values for these properties. To study the
sensitivity of the simulation to the value of �, simulations of a case
with a measured geyser height of 6.5 cm and a computationally
predicted height of 3.66 cm were rerun with � specified to be 90 and
80% of the published value for ethanol. Reducing sigma by 20%

resulted in an 8% (0.31 cm) increase in computationally predicted
geyser height. Although this is a small improvement, it does not fully
account for the difference between predicted and measured heights.
Further, although the lower value improves the predictions, and the
lowered value might be appropriate if there was a slight
contamination of the ethanol, there is no evidence in the literature
that there was contamination, and there is no rationale for selecting a
specific value for sigma other than the standard published value.

The second parameter to be examined in the sensitivity study is the
contact angle between the liquid and the tank wall �. Actual
propellant/aluminum/vapor combinations and the experiment
ethanol/Plexiglas/air combinations exhibit very small contact
angles. To avoid divide-by-zero difficulties in the simulations of full-
scale tanks, it is common to use a small value of contact angle (e.g.,
2 deg).A sequence of simulationswas runwith increasing values of�
for the same test case that was used for the �-sensitivity study.
Increasing � all the way to 30 deg resulted in an increase in predicted
geyser height of only 0.3%. It is therefore concluded that geyser
height is relatively insensitive to contact angle.

The final group of parameters examined as part of the sensitivity
study are the turbulence kinetic energy � and the turbulence energy
dissipation rate " at the exit of the jet pipe. Standard simulations were
run using values computed using published correlations for fully
developed flow in a pipe. To examine the sensitivity of geyser height
to this fairly crude assumption, three additional simulations were
performed. The first used values for these parameters that were
simply half of the values computed from the correlations. The second
and third simulations used values of � selected to produce a turbulent
viscosity at the pipe outlet equal to 10 and 1% (respectively) of the
fully developed value. The increase in geyser heightwas less than 8%
for any of these cases. Although this is an improvement in the
predictive accuracy of the computational simulation, there is no clear
rationale for using these reduced values. Again, as concluded for the
�-sensitivity study, it is comforting to show that geyser height is not
particularly sensitive to the specified value of � or ", and all standard
simulations for this study were performed using values computed
using the standard correlations for fully developed pipe flow.

What conclusions can be reached about the fidelity of the
computational model? In the past, the computational model has been
asked to simply predict which of the four flow patterns will be
produced by a given jet/tank/filling combination, and it still does so
with good reliability. For the present research, the more challenging
task of accurately predicting geyser height for flow-pattern-II
configurations was selected as the fidelity criterion. The computa-
tional simulation predicted geyser heights with a maximum
overprediction of 33%, a maximum underprediction of 44%, and a
mean error of less than 20%.Although the source of this error has not

Table 1 Comparison of experimental and computed geyser heights for a subset of test cases

Test
case

Accel-
eration,

g

Liquid
filling,
%
tank
vol.

Jet flow
rate q,
cm3=s

Jet
Reynolds
number
Re

Jet
Weber
number
We

Jet Bond
number
Bo

Simulated
geyser
height
hg-comp

Experi-
mental
geyser
height
hg

Simulated
non-

dimensional
geyser
height
Gcomp

Experi-
mental
non-

dimensional
geyser
height
G

Differ-
ence,
%

6 0.005 30 6.0 1290 1.51 0.22 7.40 10.20 1.48 2.04 27.4
7 0.0099 32 6.3 1320 1.55 0.45 5.93 6.00 1.19 1.20 1.1
8 0.014 31 6.1 1290 1.48 0.63 4.88 4.30 0.98 0.86 �13:5
11 0.014 31 8.5 1800 2.81 0.66 8.04 12.00 1.61 2.40 33.0
24 0 52 6.3 1320 1.16 0 8.66 7.25 1.73 1.45 �19:4
25 0.0045 52 6.2 1320 0.97 0.52 5.20 4.70 1.04 0.94 �10:7
26 0.009 54 6.8 1430 1.18 0.96 5.18 4.00 1.04 0.80 �29:5
27 0.014 52 6.2 1320 0.99 1.55 3.43 2.50 0.69 0.50 �37:3
31 0.0092 53 8.7 1820 1.88 1.02 7.79 7.50 1.56 1.50 �3:8
32 0.014 51 8.7 1820 1.86 1.59 6.48 6.50 1.30 1.30 0.3
58 0.0022 74 6.3 1320 0.74 0.43 3.60 2.50 0.72 0.50 �44:1
59 0.0043 73 6.0 1270 0.7 0.82 2.97 2.50 0.59 0.50 �18:6
61 0.0096 76 8.5 1800 1.32 2.04 5.56 5.20 1.11 1.04 �6:9
62 0.014 73 8.6 1820 1.38 2.88 4.78 3.80 0.96 0.76 �25:7
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been identified, it seems to be consistent. A sensitivity study to
examine the influence of �, �, �inlet, and "inlet on simulated geyser
height was conducted, because it was believed that these parameters
were the most likely to have different values between the simulation
and the experiment. Although the simulation’s predictive accuracy
could be improved by changing �, �inlet, and "inlet in a reasonable
manner, a sound justification for making these changes could not be
established. It is reassuring to note that although the predictions
improved, the predicted geyser height is not particularly sensitive to
these parameters that may not be known a priori with great precision
in a spacecraft design environment. Based on all of this information,
it was concluded that ECLIPSE is still a very useful tool for
predicting jet-induced flow patterns in a propellant tank, that it
consistently underpredicts geyser height, and that it should be useful
for exploring the relationships between the various parameters that
influence geyser production in a low-gravity environment.

IV. Dimensionless Modeling and Prediction

The objective of dimensional analysis of the geyser phenomena is
to establish a correlation to predict geyser formation and geyser
height without the expense of continued experimentation. The
correlation developed should be general enough to allow its
implementation for any combination of tank size, fill level, working
fluid, or acceleration level. The development of such a correlation
has already been attempted, but like most models and correlations,
there is room for improvement.

A. Established Correlations

Through drop-tower testing completed in the NASA 5-s zero-
gravity facility, Aydelott [1] concluded from his data that a linear
relationship existed between the nondimensional geyser height and
the Weber number We. He also assumed that the nondimensional
geyser height should be inversely proportional to the Bond number
Bo. This led to a correlation of the following form:

G� f
�
X� YWe
1� ZBo

�
(12)

where X, Y, and Z are experimentally determined constants andG is
the dimensionless geyser height. Through a least-squares curve
fitting of experimental data, Aydelott [1] formed the following
correlation for completely turbulent jets:

F��0:5� 1:6We

1� 0:6Bo
(13)

where F is the flow characterization parameter and is expected to
equal the dimensionless geyser heightG. This correlation results in a
root mean square (rms) error of 0.25 between the experimentalG and
F data provided from the drop-tower testing. Figure 3 is a plot of
Aydelott’s [1] G vs F data. Thornton and Hochstein [16–18] made
several attempts at improvingAydelott’s [1] correlation, culminating
in a reformulation of the nondimensional geyser height. The
argument for the modified G was that Aydelott’s Bond and Weber
numbers indicate that the geyser phenomenonwas a local effect. That
is, the only forces important to the geyser formation were in the
narrow vicinity near the jet or geyser. Therefore, the jet radius should
be the important dimension, not the tank radius. If this local model is
accepted, then G should be formed as follows:

GTH �
hg
Dj

(14)

This idea was unsuccessful. In fact, the resulting correlation resulted
in a larger rms error for experimental and computational data.

Thornton and Hochstein [16–18] also formulated a correlation
using a combination jet/tank Bond number. Here, the argument was
that depending on the tank-to-jet diameter ratio, surface tension
forces could play varying local and global effects. That is, before the
onset of the jet, global effects are dominant, as is visible by the large

meniscus in the tank. However, once the jet impinges on the free
surface, local effects near the geyser itself become quite important.
The resultingBond number and experimental data correlation using a
least-squares fit to Aydelott’s [1] data are as follows:

Botj �
a��DtDj�

�
(15)

FBotj
��0:60� 1:86We

1� 0:079Botj
(16)

The result was a reduction of rms error in geyser height prediction
from 0.25 to 0.16, or nearly a 35% reduction. Similar results were
produced for computational data for the test tank, as well as for an
enlarged tank. Figure 4 presents a graphical comparison of the new
correlation to its predecessors. The symbols indicate values of Bo,
We,F, andG computed from the drop-tower data. The lines (dashed,
solid, and dotted) in Fig. 4 represent the correlations. An ideal
correlation would align all symbols (measured data) on a 45-deg line
passing through the origin.

Figure 4 is a graphical representation of these results. The symbols
in the figure represent predictions of the flow characterization
parameter F using the improved correlation based on the
reformulated Bo and We. Straight lines in the figure are linear fits

Fig. 3 A graphical comparison between the experiment nondimen-

sional geyser height and the flow characterization parameter. The solid

line is the linear fit of the data points in Eq. (13).

Fig. 4 Correlation using Bond number reformulation.
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to the data sets generated by each correlation. Data along a 45-deg
line would indicate an ideal correlation.

B. Improved Parameter Formulation

As shown by Thornton and Hochstein [16–18], surface tension
effects of both local and global scale are likely important in the
formation of geysers in propellant tanks. Therefore, the
mathematical model used to describe these local and global surface
tension forces should include tank and jet dimensions. The previous
use of a jet/tank Bond number gives equal weight to both local and
global effects. However, thismay not be the case in the actual physics
of the problem. Thus, a logical step to take would be to split up the
two parameters and consider separate weighting coefficients.

Here, in an effort to further reduce the rms error of the geyser
correlation, the use of both a jet Bond number and a tank Bond
number was made, as shown in Eq. (17):

G� f
�

a� bWe
1� cBot � dBoj

�
(17)

Also, the characteristic lengths were taken to be the jet and tank
diameters, rather than the combination of diameters and radii, which
Aydelott [1] used. The following are the forms of the dimensionless
parameters used in the new correlation:

G�
hg
Dt

(18)

Boj �
a�D2

j

�
(19)

Bot �
a�D2

t

�
(20)

We� �V
2
oD

2
o

�Dj

(21)

Attempts at improving the correlation by using higher-order terms
(e.g.,Bo2 andBo3) had limited success and introduced “wiggles” for
which a physical basis could not be found, given the quality and
extent of the data set. Therefore, the correlation of Eq. (17) was used
exclusively for the remainder of the study.

The drop-tower test data presented in Table 1 were used to
reformulate the correlation. The coefficients of the correlation were
determined using regression. The regression minimized the sum of
the squared errors between the measured geyser height and the
correlation-predicted geyser height and produced the following
correlation:

FTH �
�0:9� 0:65We

1� 0:022Bot � 0:053Boj
(22)

This correlation yields a rms error in geyser height prediction of
0.15, compared with 0.25 for Aydelott’s [1] original correlation,
roughly a 40% reduction of error. The symbols in Fig. 5 are values
computed from measured data, and the two lines show a clear
comparison between the old (solid line) and new (dashed line)
correlations. It is clear from this figure that the new correlation is
closer to the ideal (F�G, a 45-deg line through the origin).

V. Conclusions

Design of future spacecraft propellant management systems
employing geyser flows as a component to assist in the suppression
of tank self-pressurizationwill require prediction of geyser formation
in the propellant pool. Although an experiment-based correlation
exists for predicting jet-induced flow patterns in a subscale tank, the

data on which this correlation was developed is very limited, due to
the high cost of experimentation in a reduced-gravity environment.A
computational simulation provides a relatively inexpensive
alternative to experimentation for gaining insight into the geyser
formation process and for developing improved correlations for
design.

The fidelity of a computational simulation of jet-induced geyser
flows in reduced gravity was examined. The result of the present
dimensional analysis and correlation formulation is an improved
geyser prediction tool. The correlation presented in Eq. (22),
represents a significant improvement in predictive accuracy over its
predecessors. Until further experimental data are collected on geyser
formation, this is the most accurate method of predicting geyser
heights available. Also, for computational simulation of geysers,
ECLIPSE has further demonstrated its capability in providing
acceptable results.

It should be noted that the correlation developed here, as well as
Aydelott’s [1] correlation, were developed using data from
experiments in only one small-scale tank. Also, these data were all
collected using the same tank-to-jet diameter ratio and test fluid. The
applicability of the given correlations to large-scale tanks, different
tank-to-jet diameter ratios, and otherfluids is unknown. Thus, a study
of these effects is in order. Future work should focus on increasing
the quantity of reliable data on geyser formation in a reduced-gravity
environment. Experimental data will be expensive and time-
consuming to obtain. If the quality of the computational simulation
can be further improved, it may provide a less expensive path to
acquiring the necessary information. The new correlations
developed during the present study show clearly improved
performance for the available data.
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