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Introduction

Recent geophysical modeling experiments have been quanti-
tatively successful. It is impressive that this is true for the
extremely large scale phenomena involved because modeling scales
as small as 10”' and smaller are necessary. The attainment of
success can be closely correlated with the increasing attention
paid to similarity requirements between prototype and model
phenomenal, PFor continuum flows the application of the govern-
ing equations to the modeled phenomenon facilitates the defini-
tion of similarity variables and permits the selection of suit-
able measureable flow characteristics.

As might be suspected, complete similarity between model and
prototype at such scales is not possible. Success with modeling
techniques so far has seemed to depend on the existence in the
prototype of one or more dominant force ratios which can be modeled.
Examples for tropospheric flow are the Rossby number {(the ratio
of inertia to coriolis forces) and the Richardson number (the ratio
pf free convection energy transport to vertical momentum trans-
port by horizontal viscous shear).

The techniques developed to date have their applicability
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mainly to the troposphere, the oceans, and to some large scale
electromagnetic and hydromagnetic phenomena. Attempts to model
the stratosphere are unknown to this author. However, it would
appear that sufficient prototype information has accumulated® to
encourage undertaking the design of such a modeling experiment.
Incomplete knowledge of ionospheric flow seems, at this time, to
bplace it rather far from the possibility of realistic total
modeling. Nevertheless, considerable work has been done on the
laboratory reproduction of isolated ionospheric phenomena (for
example, references 5 and 12).

The present work concerns itself with the possibility of
modeling planetary atmospheres (including planets other than
Earth) by trapping an electrically charged gas in a sphere centered
electric field (Pig. 1). Mechanical energy may be imparted to the
gas by spinning the sphere about a polar axis. Thermal energy may
be added by electromagnetic radiation of the gas as well as by
thermal conduction between the bounding surface and the gas.

It may be that the use of a disk, a cylinder, or a sphere segment
iather than a sphere will simplify the experimentation. The

ideas set down here apply qualitatively to all four configurations.

Field Modeling

£}

A first consideration is modeling the gravitational field by
an electrostatic field. A comparison of the field equations in
the two cases will shed light on this situation.

The calculation of the conservative force field due to a
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continuous distribution of charge or mass leads to the well known

result that at a point in space

ddx
o(p) = k ”;i
V-
where 8 ~ mass or charge density:

v ~ volume;

(1)

r ~. radius vector from origin of coordinates;

o ~ potential functiong

k ~ constant of proporticnzality

From this follow field equations for gravitational and £

electrostatic fields.

For the gravitational field
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p —~ mass density, kg/hB i P ~—Charge density, amul/m3
G~fnewt/kg ; B~mnewt/. .4

in the MKS system.
For a homogeneous planet of mass density Pp surrounded by an
atmosphere of mass density p, (also assumed homogeneous), it is.

easy to show that

G
aG(xr) _ ( (8)

aG(ry)

where aG(r) is the field outside the planet sphere (i.e.; in the

*"atmosphere”) and aG(rO) is the field at the planet surface where
r = r. Normally, pa/ <« i and term above can be neglected.
Pp ) ‘

Similarly, for a homogeneouslsphere of charge of density pg,

("*m*" for model) surrounded by a homogenecus atmosphere of charges

of density Pa.
a

3 1 . .
aE<r>=5_Q21+£§.i£..,m';;1<rr) (9)
aE(ry) r Pem r03 ~} v °

for the electric field. Comparison of equations (8) and (9) shows
the variations in field to be qualitatively the same and that the
fields are identical if it is possible to establish identical
density ratios at each point of the dimensionless space.

Alternatively, since normally pa/pp << 1 and neglected; if

Dea/p._em << 1, the field distributions will be identical.

An extension of this reasoning to the comparison of potential
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functions in the two cases can be made. If the specification of

—

the additional boundary condition can be made physically compat-
ible for the two cases, congruence of the two distributions in

dimensionless representation can be established just as for equa-

] tions (8) and (9).

In summary, similarity of field and potential distributions
exists for homogeneous atmospheres, identical charge and mass
ratios, and physically compatible specification of an outer bound-
ary condition. It is unlikely that these conditions will be
i completely met in the experiment. For example, it is probable
' that not pgy/pem << 1 because of the practical limitations on
the wvoltage field due to the nature of the electrostatic force
field in this application. Also, the assumption of a homogeneous
atmosphere is justified in neither case. Nevertheless, it is

probable that a near enough approach to these conditions may be

made to ensure a practical degree of similarity in the fields.

. A more sophisticated analysis together with design calculations

and experiments will be required to settle this question.

State of the Gas in Relation to Field

i

Given a conservative field of force, there exists a potential
function such that F = -7p. We consider the case of a gaseous

atmosphere in static equilibrium under the influence of such a

force field. It can be shown that isopotential surfaces corres-

pond to constant pressure in such a static atmosphere. Thus

p = £(p) (10D

i W e | iy i -
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pressure is a function only of potential.

Furthermore, considerations of static equilibrium yield

d ;
5% = «p(x)Fr(zr) (11)

for such a field. FPr(x) is the r-component of the field force.

Here we permit variations of density to occur. Since,

Fr(r) = -39 : {12)
dr
we obtain that
1 1 do ‘
v(r) = = oo 13
( p(x)  f'(p) dr (13

or, the specific volume is, likewise, z function only of the
force potential. Therefore, if the state equation for the atmose

phere is of form
f(p,v,T) = 0 (14)

specification of the field potential determines the thermodynamic
state of the gas. The reasoning obviously applies equally well
to electric and gravitational potentials.

In summary, the variation with altitude of the static state
of the gas depends solely on the potential field of the sphere
under the conditions

i) a conservative field of force;

ii) surface normal forces;

iii) any state equation of form equation (14).
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Such an equation of state may be assumed to describe most neutral
gas atmospheres. However, gas in the presence of external fields
may present a more complicated physical situation.

Using the methods of macroscopic fhermogtaticsy Chu3 obtainsg
p = @%T o 1 *E"nl—-f A E".ﬁw wi.p H“)@H % Ezﬁg
P z P d3p 3p (15)

the equation of state for an ideal gas, where

3o
et g

[a]

(1) ~ mechanical contribution fcr ideal g

(2) ~ nfield" pressure:

(3) ~ electro-magnetostriction effect,
For the present case, in the absence of externally imposed mage-

netic fields and neglecting magnetic induction,

p = pRT + 18D m%pEZ%Sn (16)

where

D ~— displacement density, coul/m2
0 ~ mass density, kg/p3

€ ~ gas dielectric coefficient, farads/y

As the electric field approaches zero, equation (16) reduces to
the equation of state for an ideal gas., Thus, direct application
of hydrostatic analyses to the electrostatically modeled atmos-
phere implies neglect of the electrostrictive and field contribu-

tions to the pressure. PFor e¢ = constant and foxr isotropic media,

p = oRT + »%EZ (17)
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The former assumption is usually made in MHD applications49 and

Justification of neglect of the field pressure will depend on

2
€ B
2 pRT 1

The practical circumstances under which this neglect is justified

will have to receive further consideration.

Dynamic Modeling and Similarity

Dynamic modeling of momentum flow in a fluid field implies
that the ratio of forces acting on a fluid element have the same
value in the prototype and the model at corresponding positions
and times.in the dimensionless field. ZEnergy flow modeling re-
quires that the ratio of fluxes to or from a fluid element
correspond in the same way. If, when dimensionlessly presented,
the model field and the prototype field are congruent, dynamic
similarity has been achieved.

Rarely can complete similarity be achieved by modeling of
any complex fluid mechanical situation. However, in any given
phenomenon two or three forces and/or'fluxes will usually
dominate. Experience has shown that it will generally suffice
to match only these dominant ratios in model and prototype.
Furthermore, it may prove unnecessary to model even these exactly
if the theory is sufficiently well developed to permit extrapola-
tion of experimental results. A common example is found in
external aerodynamics where exact modeling of Reynolds number is

rarely achieved. It is necessary, howéver9 to model the airplane
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flow regime (laminar or turbulent) by approximating the Revnolds
number range. Theoretical extrapolations may then be used to
obtain predictions of prototype fluid forces.

Thus, the real power of modeling lies in its exercise as a
“scientific art" wherein observation and analysis are combined
to bring about advances in physical understanding even in the
absence of exact modeling or sophisticated theories. Atmospheric
modeling at its present stage of development is such an art.

The question which interests us is whether dynamic modeling
of macroscopic motions of a planetary atmosphere by an ion gas
held in a central force field on a rotating sphere is: 1) con-
ceptually sound; 2) a practical possibility in the sense described
above. We approach the answers to these questions by considering
physical aspects of the equations of motion in general form.

For a single specie gas

op -
— . = 18
at+7pv 0 (18)

mass conservation, and

dp o
-——-§~+ vnpev

57 (19)

it
o

charge conservation; where

p = mm; p, = nz;e

P

; and, for a singly ionized gas,

(20)

fl

o8



10w

the inverse of the specific charge. The momentum equation is

written

DV T T . T 4 oG

pm— = <7D + VoT + J X B # E + pG ¢

Dt p ° J@ Pe @ {21)
where the pressure includes mechanical and electromagnetic con-
tributions (equation 15). 7t is a fluid stress tensor excluding

o

pressure; J is current density coul/mzugéc; B is magnetic flux
density, newtmsec/coulwmz, We consider terms (3) and (5) to be
negligible, In the absence of an externally imposed magnetic
field (3) = 0 if magnetic induction is negligible. Term (5)

can be neglected if the electrostatic force is sufficiently large
relative to the gravitational force. This can easily be checked
for the practical cases. As implied by equation (17), electro-
strictive effects aré néglected, Assuming these approximations
for the moment, we proceed to the determination of dynamic simi-
larity parameters.

In thin fluid layers of the character of aimospheres and
oceans, application of the so-called bouﬁdary layer approxima-
tions would appear reasonable. The determination of similarity
parameters from the boundary layer equations is straight forward
and details of the method may be found in many textbooks.

Continuity, for this case, may be expresszed

dp 9 L) 3 ., , ‘
——— — o Pusis = 0 (22)
=% + aX(pu) + aV(pV) * aZ(pw)

where u, v, w, X, v, z are the velocities and displacements

respectively in a tangent plane coordinate system, and p is the
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mass density.

The x~component of the momentum equation becomes

2

Ju Ju du U . 1 3p L 9% ‘
92 2l e v 4 Wl = fv . = 8D & vo- 23
3t ¥X QY dz D ¥X 3z (23)

f-~coriolis parameter, and
f =20 sin o

where (O is the angular velocity and o is the latitude.

Equations (22) and (23) may be made dimensionless by trans-
forming in terms of the variables:
uj

A - P SR PR - N
tF = Q‘t; ui* = -3 }Li* = =3 p?‘. s PY )

i

U is a representative velocity relative to the retating co-
ordinate frame: a, the characteristic lengih, is taken to be the

sphere radius., It results that

.. Un inertia force U inertia
Re Bl ey S F and R ﬁ:ﬁmrvgleq oo
v viscous force 0 a0 corioplis

are the modeling parameters for surface parallel moticns in the
thin boundary layer model.

For hydrostatic modeling, the surface normal component of
momentum is

0 = -G(z)- L 3D : and, dimensionlessly,
p )

3z
r ] F
aGéo) G*(z) = -1, 3B, (24)
~ U P 3z



o,

=]3=

the electric body force for a non-conducting gas. For the case
of a homogeneous non-neutral gas (as previously postulated) the
last two terms are of no importance and buoyancy results from

local perturbétions of charge density, or field, or both. For
the case of a neutral gaseous dielectric of non-zero suscepti-

bility, the first term on the right vanishes and buoyancy depends

on non-uniformity of field and properties. These elecirostrictive

forces have already been shown to be of significant practical

importance in natural thermal convection®.

It was previously indicated (equations (24) and (25)) that
hydrostatic modeling of thin fluid layers required hydrodynamic

and electrostatic Froude number matching. When verticel motions

are admitted, however, the dominant forces become buoyancy and

shear. This force ratio is expressed by t*he Richardson number

= BOggs | {29)

-

Ri
Ul

commonly used in meteorological applications. This can be re-

written as

3 2
BB 480 v w2 :
R, = o | | GreR (30)
i T2 Us | e

in terms of the Grashoff and Reynolds numbers commonly encountered

in heat transfer literature. For these equations

the thermal coefficient

- 1
B = =» ;
T of expansiong



, the temperature difference
locally betwesen an element
of fluid and the heated
surface

8 ~ fluid layer thickness

Where the last two terms of equation (28) dominaie, it has been
stimwn® that the appropriate natural convection modelirg parameter is
252
5. = B8gYES

¢ T (31)
v

where y~ expresses the temperature dependence of e E.~is the
electric field at the model surface. For the case of a charged
homogeneous gas, it can be shown that if gravitational effects

are not negligible relative to electrostatic effects

F =P, + F, = D[éesg + Bé(AE)éj + peAE (32)
| - 2
where Be = T (2p/eE2) - 1
and that, therefore, the additional dimensionless parameters
zhould be of form pBe(AEDGB and (£>‘§£2 , where B, = Eﬁé for
v2 v

convenience.

The foregoing considerations indicate that where the thin
fiuid layer model is acceptable, Reyrolds number, Rossby number
and Froude number (gravitational and electrostatic) are the ap-
propriate modeling parameters. Experience with hydrodynamic

atmospheric modeling has indicated that Rossby number modeling
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is probably of greater importance than Reynolds and Froude number
modeling for surface parallel motions. The importance of the
electrostatic field in the proposed gas dynamical modeling
technique is simply to hold the gas atmosphere to the model surface.

If a "thick" atmosphere model is cheoasen, the indication is
that the modeling parameters are those commonly wzed in natural
convection heat transfer; namely, Grashoff number (gravitational
énd electrostatic), Reynolds number, Rossby number, and Nusselis
number., The first two of these parameters sre combined to form
the Richardson number commonly used in metenrologicel applica-
tions. It can be anticipated that Grashoff and Rossby number
modeling will be of dominant importance. For this model the
electric field technique offers advantages in increased versa-
tility of the experimental approach.

The consideration of these two separate approaches exempli-
fies the necessity for compromising the demands for complete
gimilarity. Such compromises may be based on possible practical
limitations of size and physical equipment cr on instrumentation,
or other factors. The intent also is to indicate that with some
ingenuity, practical difficulties can be overccme or, in some
cases, even turned to advantage through placing emphasis on
modeling one or another aspect of the profotype flows. It seems
clear that modeling of planetary atmospheres by this approach is
conceptually sound. Whether it is or not a practical possibility
depends on numbers required and materials and techniques avail-
abie° If practical, it has the advantage over other techniques

to date of permitting greater freedom in body force modeling where
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vertical motions dominate. In addition, the tilt of the vorticity
vector may be faithfully modeled where surface motions are of
dominant importance.

What we have discussed is a representative first assessment

of the problem. It should not be expected that the results pre-

sented are in any sense final, since several different experi-

ments appear possible and the choice of modeling techniques and

configurations will inevitably interact with the medeling analysis,

Laboratory Model of the Planetary Atmosphere

In considering possible techniques, the laboratory problem

of producing and trapping a gaseous atmosphere in an electro-

static field must receive first consideration. At least four

different approaches present themselves., They are the use ofs

1) an electrically susceptible neutiral gas on a slender
rotating cylinder;

2) a low density plasma between counter rotating cylinders
with continuous radio frequency excitation:

3) a test chamber with sphere, sphere segment, or disk model

and an ion gas;

4) a thermionic emitting model surface with a mass enhanced

charged atmosphere;
5) combinations and permutations of 1) through 4).

The first two of these techniques would rely on electrostric-

tive forces to alter gas body forces due to gravity or centri=-

fugal mechanical fields. With the latter two, it should be

possible to produce body forces of such magnitude that gravity

and other mechanical effects can be ignored altogether. Since
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large fields and field gradients are entailed in these latter
instances, it may prove of practical importance to investigate
combinations of all these techniques.

Influence of the electrostrictive body force on natural
thermal convection was first investigated by Senftleben and Braun’.
They succeeded in showing experimentaliy that applying an electric
field to a paraelectric gas surrounding a heated horizontal wire
can produce an increase in heat rate up to 50%. This effect is
due to the change in thermal circulation produced by the electro-
strictive forces. Lykoudis and Yu formulated the dimensionless
Senftleben number (equation (31)) and an empirical correlation
which implies dominance of electrostrictive forces over gravita-
tional forces under conditions beyond the range of presently
existing experiments. Whether these can in fact be attained
will depend on practical limitations such as breakdown potential
of the gases. Nevertheless, this phenomenon offers an approach
to increasing the range of body force and flux ratios regardless
of the ultimate goal of attaining dominant non-gravitational body
forces. This latter, after all, may or not be necessary depend-
ing on developments of the investigation.

A second possibility is the radio frequency excited, low
density, low temperature plasma between counter rotating cylinders.
The techniques for producing and probing such plasmas have been
developedll. The application to thermally driven flows with
radial force fields has not been attempted to the writer's know-
ledge. As a matter of fact, the neutrality of this atmosphere
and the necessity for continuous excitation would appear to be
strong deterrents against its successful application to the pre-

sent problem. Nevertheless, it should receive study if only as



R S e S 2t

B A X o L G S AR e et

-18-

a preliminary to more promising approaches since the experimental

techniques will probably prove to be of value for the charged gas

as well,

The possibility of production and trapping of a charged gas
on a dielectric (or thermionic )surfacs in an 2vacuated chamber
is conceptually very attractive as was pointed out previously.

In practice, an approach not unlike that used by Birkeland® in

his Terella Experiments appears logical. The geometry would

change and the magnitudes of applied fields and vacua would differ,

&=

but, in essence, the ground that he covered could be recovered

if the emphasis were placed on magnetic rather than electric

phenomena.
A first approach to the design configuration of such a chamber

is shown schematically as Figure 2. The ionized gas is discharged

tangentially into the chamber and charge separation is effected

as the positively charged particles spiral into the dielectric

coated surface of the model and the electrons are induced to the

wall and conducted away. It is expected that establishing the

atmosphere of charges about the sphere model could proceed at low

rates and under continuous evacuation of the chamber. Thus, an

order of magnitude difference in mass density at the surface

and at the chamber boundary would exist. It would be expected

to establish the field such that h/R << 1 (see Figure 1).

Item (4) above represents a different approach to the pro-

duction of the charged atmosphere of item (3). A thermionic

surface would be used to produce an electron atmosphere and a

strong negative bias would hold the chargé cloud at the cathode

* A configuration suggested by R. W. Glasheen. : )
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surface. Since both equation (26) and fluid mechanical common
sense indicate the desirability of increasing the mass to charge
ratio, a neutral dust of micron size would be added to the charge
cloud. The technique has already been developed in a different
applicationlp. This configuration, if successful, would have

the advantage of eliminating the necessity for plasma input and
charge separation. Obvious diéadvantages are the necessity for
cathode heating and its possible attendant complications so far

as rotation of the sphere is concerned as well as possible addi-

tional difficulty with probing the atmosphere.

Bxperimental Techniques

It is hoped that the foregoing comments provide a clear
enough picfure of proposed practical approaches to producing an
atmospheric model. In what follows, a similarly abbreviated and
preliminary approach to the experimental techniques is outlined.
The object will be to communicate the concept of the experimental
approach without devoting space and time to details of technique
many of which remain to be worked out.

Three main aims of the experimental design program are:
providing for mechanical and thermal energy addition; for addi-
tion of "pollutants"; and for instrumentation,

Mechanical energy addition would be by rotation of the
"sting' which supports the model at the chamber center. Thermal
energy addition could be by conduction from the model surface,

by selective irradiation through metalized glass ports in the
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chamber walls, or by boéh. Simulation of thermal effects by
local charge density perturbation is possible through nedtralim
zation by electron beam, charge dilution by addition of dust, or
by local variations of the external field (for example, through
dielectric layer inhomogeneities). BExternally induced field
oscillations will produce mhd waves in the atmosphere.

It will be of interest to study the dispersal of clouds of
pollutant in the model atmosphere. Possibilities are dust clouds
of neutral particles (charge diluent) or dust clouds of radio-
active particies.

The consideration of similarity indicates that local measure-
ments of velocity, pressure, temperature, and field are desirable
for detailed flow studies. ZExperience shows that practical con-
siderations will probably limit some of the measurements to the
boundaries but that adequate data for modeling studies can be
obtained despite such limitations. For detection of fluid veloc-
ities and for charge density mapping; it would appear that
applications of methods associated with particle physics research
are in order. Modifications of conventional fluid mechanical
pressure and temperature sensors for use in strong fields should
provide for those measurements,

As suggested, many of the techniques needed for energy add-
ition to and probing of an atmospheric model already exist and
can be applied either directly or with a reasonable degree of
modification. Similarly, a reasonable amount of experience with
electrbstrictive gases and low temperature plasmas has accumulated.

However, the author is unaware of previous attempts to model with



-] -

ion gases as is proposed here. Therefore, a few preliminary cal-
culations were made to explore the gross limitations on such a

venture,

The Homogeneous Planetary Atmosphere Model

Referring to Figure 1. 'and 2., it is assumed that a perfectly

conducting model spherxre, 20 cm in diameter and with a perfect

dielectric surface, is placed at the center of such a chamber,

An atmosphere of charges such that h/R << 1 is established as

described in the preceding section and the following questions are

asked:
1) can an atmosphere of continuum flow density be established
by application of a field of reasonable magnitude;
2) will the gravitational effect be negligible in this range
of applied fields;
3) will one-to-one modeling of the gravitational field occur;
4) will consideration of the field effect on the thermody-

namic state be required?

For continuum flow, a mean free path of roughly 1/100 the

sphere diameter is assumed. For the idealized spherical con-

figuration, Poisson's equation becomes

d (r2dv ). _ pe r?
a‘&‘( T T (33

where V~volts. We assume that the gas is singly ionized argon.

We'assume, further, that the charge atmosphere is homogeneous.

Although this latter assumption is physically unrealistic, it is
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brobable that the calculation of the quantities of interest here

will not be qualitatively affected. The boundary conditions are:

av

V=0 and at ¢ = h,az 0 the latter being set for

]

at r = ro,

optimum field strength. A charge atmosphere thickness of 1 cm

will be assumed. With this simplification, it results that

- pe 3 _]_._ . }_ _1_ 2 - 21
V) =2 b [ ] E [ J =0

As examples of limiting cases, it results that for a charge

density of one Earth's atmosphere,

V(h) = 1012 volts (35)

which is obviously out of the question; but for a representative

imospheric charge density (n = 1010 chargeS/cmB)

V(R) = 3.6 x 107 volts (36)

a moderate potential.
However, such an atmospheric density corresponds to mean

free paths of 30 meters ... clearly a free molecule flow situa-

tion unless a neutral susceptible gas can be mixed with the charges

as previously suggested. A mixture ratio of 10,000 neutrals per

charge would be required to reduce the mfp to continuum flow
20

magnitudes. This mixture yields an atmosphere of density 10
particles/m3 with a corresponding mean pressure of about 0,01 mm.

Assuming practical working voltages up to 106 volts, a relatively

wide selection of neutral-to-charge ratios exists. Thus, assuming
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these field calculations to be conservative as seems reasonable,
there exists a range of practical dimensions, voltages, and
densities in which modeling is possible if neutrals can be
successfully mixed with the charges and held in the field.

The second question deals with the magnitude of gravitational
forces relative to electrostatic body forces. From equation (34)

the field strength at the sphere surface can be expressed

Pe h .
E ==z - = (37)
0 3e © r%

The electrostatic and gravity body forces are expressed in equa-

tion (21). For the case of a 40000 volt applied potential, the

charge to mass ratio for equal gravity and coulomb forces is

- 1 coul
T 7.5 x 10° kg

£
m

!
For neglect of gravity forces, obviously,

1 coul
£ >> 6 (38)
m 7.5 x 10 kg
For argon, singly ionized,
é] = 2.5 x 10/ <coul (39)
miargon kg

for ionospheric density. Therefore, gravity forces are negligible.

Modeling of the gravi{ational field depends on establishing

congruence of equations (8) and (9). For similarity either

Pag .. Pea

——— P vttt

Pp Pem
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or both should be negligible. For earth,

2 = 2,56 x 1077 & 0O

But for ry = 10 om and at ionospheric density

Pea

i
3 P ]

Pem

{ for a singly ionized gas. Hence, modeling of the gravitational
! field should not be expected. However, this is not surprising and
may prove to be of litile importance in view of the nature of the
electrostatic bedy forces.

Finally, it was pointed out that unless €E2/pRT <<‘1, the

5

electrical eguaticn of state Ceguation (17)) will be reguired to

describe the thermodynamic state of the gas. For the present case
. . . £ :
of ionospheric charge density [ eB%/ pr ‘> ~ 2 and field effects

\

are important as would be expected.

Summary and Conclusion

The electrodynamic appreoach to planetary atmospheric modeling

d

ows promise of providing four advantages over present technigues:
more realistic body force vector modeling; 2) a sufficiently
der range of surface normal similarity parameters to permit model

dies of planets other than earthy 3) modeling of the outer bound-
conditions o = O, %R.«p(), as r/r, >> 1; and 4) more realistic
T

ticity vector modeling than with disk or liquid sphere models.
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culties due to the large field strengths required may be expectad.
However, it may be possible to overcome these by using an ion gas
diluted with a polar neutral gas. In any event, Barth's gravita-
tion effects can easily be made negligible; ous-to-cne gravitational
field modeling will not occur; and an equation cof state equivalent
to that of equation (17) will be required.

The next steps in a planetary atmospheric modeling program are
clearly indicated by the results of the prescnt investigation.

Thev are: 1) a boundarv laver study of a2 gas traprnad in a central
¥ . bg!

fRia )
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force field on a rotating heated sphere; 2) a

3

ontinuing study of
the practicability of using a diluted charged gas (or squivalent
technique) for reducing the reguired applied voltages. A laminar
boundary layer study at this time should prove of general interest

in the area of macroscopic planetary atmospheric motions. Positive

feie

nvestigations should justify

e

£

results from the second of these two
design and construction of a facility for euperimental investiga-

tions.
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