VOL. 7, NO. 2, FEBRUARY 1970

J. SPACECRAFT 203

Engineering Notes

ENGINEERING NOTES are short manuscripts describing new developments or important results of a preliminary nature. These Notes cannot exceed 6 manuscript

pages and 3 figures; « page of text may be substituted for « figure and vice versa.

After informal review by the editors, they may be published within a few months of the

date of receipt.  Style requirements are the same as for regular contributions (see inside back cover).

Three-Dimensional Numerical and
Experimental Flowfield Comparisons
for Sphere-Cones

Roager R. EaTon*
Sandia Corporation, Albuquerque, N. Mex.

ECENTLY, a unified three-dimensional flowfield code!

was developed for Sandia Laboratory, Albuquerque,
N.Mex., by General Applied Science Laboratories (GASL),
Westbury, N.Y. This code and two others (one developed by
GASL? for the Redstone Arsenal, Huntsville, Ala., and one de-
veloped at the NASA Ames Research Center®) have been
used to compute flowfields around sphere-cones at nonzero
angles of attack. This Note presents numerical results ob-
tained with these three codes and compares them to available
experimental data.

The Redstone? and NASA Ames?® codes caleulate the sub-
sonie portion of the flow using an axisymmetrie (zero angle of
attack) coordinate system.t Thus, the caleulation can be
made using only one meridional plane. For the nose region,
the Redstone code uses a Lax-Wendroff type finite-differenc-
ing scheme, and the NASA Ames code uses the inverse
method, which limits its use to flows with Mach numbers
I > 4. Both use a 3-dimensional method of characteristies
for the afterbody flow, and compute the flowfield over a
sphere-cone at angle of attack, «, by rotating the axisym-

Table 1 Comparison of codes

GASL-Sandial Redstone? NASA Ames?

Forebody ealcula- 3-dimensional un- Axisymmetric  Axisymmetric

tions steady, second- unsteady, inverse
order schieme second-order method
scheme
Afterbody calcula- Second-order nu- Methodof Method of
tions merical scheme, characteris- characteris-
steady-state; tics ties
marches in “R”
direction
Type of gas Ideal Ideal and real Ideal and real
equilibrium equilibrium
Mesh points
Forebody
Meridional
planes 6 1 1
Body to shock 5 5 11
Along body sur- 10 10 27
face
Afterbody
Meridional 7 11 7
planes
Body to shock 11 13 15
Mach number lower
limit 1.7 3 4
Time to run sample 60 12 10
case on IBM 7094,
minutes
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metric nose region flow a degrees before the 3-dimensional
afterbody calculations are started.

The GASL-Sandia code is fully 3-dimensional and caleu-
lates both the subsonic nose region and the afterbody flow
using a Lax-Wendroff type finite-difference scheme. The
forebody solution equations are unsteady with respect to time.
The afterbody solution uses a set of steady-state equations, and
the solution marches along lines originating from the virtual
tip of the cone. This code is useful to lower Mach numbers
and is not restricted to spherical nose configurations as are the
Redstone and NASA Ames codes. However, the latter two
codes consume less computing time, since their nose region
calculations can be completed using only one meridional
plane. They can handle real cquilibrium air, while the
GASL-Sandia code is restricted to an ideal-gas model. The
Redstone code (which is actually four codes run in series) can
also include a simple uncoupled boundary layer.

Comparisons, Numerical and Experimental

Table 1 compares the three codes, and Fig. 1 compares re-
sults from them with experimental data from Ref. 4 for a
sphere-cone with a cone half-angle of 15° at M = 5.25, « =
10°, and a Reynolds number of 1.4 X 105 Parts a, b, and
¢ of Fig. 1 show the surface pressure results for the windward,
90° and leeward meridional planes, respectively. Also ob-
tained (but not displayed herein) were pressure distributions
for M = 10.6 and shock shapes for both Mach numbers.

The largest percentage variation from the experimental
data occurs in the surface pressures calculated on the leeward
side. This should be expected, since none of the analyses
imelude viscous cffects.
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Fig. 1 Comparison of surface pressure distributions com-
puted by the three codes with experimental results from
Ref. 4.
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The maximum error in surface pressure with respect to a
mean drawn through Cleary’s experimental data is less than
129, and the computed shock shapes differ from one another
by less than 5%.
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Simulated Low-Gravity Sloshing in
Spherical, Ellipsoidal, and
Cylindrical Tanks

FranguiNn T. Dopge* anp Luis R. Garzat
Southwest Research Institute, San Antonio, Texas

Nomenclature
N = first mode slosh natural frequency
g = gravity or equivalent linear axial acceleration
Npo = Bondnumber, pgR,%/ e
R, = radius of tank
»,p = liquid kinematic viscosity and density
a = surface tension

Introduction

INCE the primary effect of reduced gravity on propellant
sloshing is to aceentuate the surface tension forces relative
to the gravity forces in the body of the liquid, the Bond num-
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Fig. 1 Schemetic of slosh-force dynamometer.
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Fig. 2 Change in free-surface curvature with filling level,
for equal bond numbers.

ber, Nuo = pgR,%/a, which is a measure of these two forces,
is the correct indicator of “low-gravity” simulation. (Npo =
0 indicates zero gravity, but Nso = 40 is typical for large
boosters even when gravity is only 107 of earth gravity.)
Also, for Npo < 100 simulations, the correct static contact
contact angle of the free surface at the tank walls must be
duplicated and contact angle “hysteresis” or “dynamic con-
tact angle’” accounted for.

Several methods of simulating low gravity using scale
models have been advanced. Tn a drop-fower, the effective
gravity acting on the liquid is reduced by allowing the experi-
mental package to fall freely, sce Ref. 1. In the magneto-
hydrodynamic method, body forces generated in an electric-
ally conducting liquid by ecrossed electric and magnetie fields
are used to cancel gravity.? The dielectrophoretic method
uses a strong electric field and a diclectric liquid to create
body forces opposed to gravity.? The magnetic fluid method
uses a specially prepared magnetic liquid and an axial mag-
netic field to cancel the gravitational forces.?

Most existing steady-state data have been obtained by
using wltra-small models, see Ref. 3, since surface tension
forces can be increased by decreasing the tank diameter. The
two main difficulties of this simulation are 1) the small
dynamic slosh foree is difficult to measure, and 2) the viscous
damping is large compared to the prototype; these difficulties
generally limit the simulation to Nso > 10, which, however,
still includes most low-gravity missions to date. The data
presented in this Note were obtained by this technique, which
requires an extremely sensitive and accurate dynamometer-
excitation system. (Slosh forces as small as 0.0005 1b had to
be measured during tests.) In principle, the dynamometer-
excitation package was similar to but much more sensitive
than that used for much larger tanks. The force-measuring
system is shown schematically in Fig. 1. Tach sensing ecle-

‘ : T
10.0 E
hay/d | Ngo Xo % fy
9.0 0.25 | 4 |o]0.00 |0.020 |46
Clo.o0z [ oom | 5.2
0.50 | 57 1 0.002 1 0. -
L 17 joloom |o02 [515 !
801 Tors | & o] oo | ooz |58 |
NOTE: SLOSH FORCE FOR
o hay/d = 0.25 1S 1
2 SHOWN AT TWICE
= SCALE.
QE 60 - |

g
S 5.0
==
wvy
S
3

4.0

3.0[-

2.0

L0{- :

1 Il i

i ! H
4.0 4.4 4.8 5.2 5.6 6.0 6.4
EXCITATION FREQUENCY (cps)

Fig. 3 Typical force response for spherical tanks.



