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An attempt has been made to study the genesis of the cloud and the various
parameters affecting its growth. With this view, the moisture equation has
been developed for the first phase, consisting of dry air and water vapour.
Since cross wind effects result in the variation of moisture in the plume cross-
section, the horizontal wind effect has also been taken into account. The
fundamental ‘plume’ model has been utilized. A natural sequel to present
study would be to obtain the solution of moisture equation analytically as
well as numerically and the comparison of results obtained, with the actual
measured data.

INTRODUCTION

Evaporation is the process by which liquid water passes directly into the vapour
state. The simplest form of evaporation is that which takes place from a free liquid
or permanently saturated surface (cf. Fletcher 1966). This process is studied by
using the theories of convection.

The first paper, which appeared on the theories of convection from maintained
and instantaneous sources of buoyancy, using methods which are applicable to
stratified body fluids with any variation of density with height, was by Morton et al.
(1956). This is a unique paper consisting of detailed solutions presented for the case
of a stably stratified fluid with a linear density gradient. The main assumption,
during the development, was the entrainment principle given by Batchelor (1954).
It essentially states that the mean inflow velocity across the edge of the plume is pro-
portional to the local upward velocity. It was also assumed that the fluids are incom-
pressible and do not change volume on mixing. This led to a prediction of final
height to which a plume of light fluid will rise in a stably stratified fluid. The next
significant work was carried out by Morton (1957), describing a model which could
be used to investigate the transport of water vapour by thermal plumes. This study
obtained the behaviour of rising air by means of equations representing the conserva-
tion of mass, momentum, heat and water vapourand numerical solutions were obtained
for representative cases. Morton (1959) reported his work on ascent of turbulent
forced plumes. Experimental studies were carried out by Ricou and Spalding (1961).
A *starting plume” model was proposed by Turner (1962) which took a first step to-
wards this integration. This gives importance to the advancing front of the plume,
which is being established ‘ab initio’ in uniform surroundings by suddenly starting
to supply from a steady source. At the front of the advancing fluid is a cap which
looks similar to a thermal one, but whose total buoyancy is being increased because
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buoyant fluid is being added to it from the rear. A model of “Cumulonimbus”* up-
draught was presented by Squires and Turner (1962) which was a modification of the
fundamental model given by Morton (1957) with this development, the shape of the
cloud as well as its other properties follow from the cumulus dynamics.

FoRMULATION

For the purpose of analysing the evaporation phase of the preprempltatlon
cycle, the problem has been divided into three stages:—

1. The first phase consists of dry air and water vapour only, due to solar radxa—
tion as input.

2. The second phase consists of water vapour and liquid particles with soluble

solid particles.

3. The third phase consists of water vapour, liquid particles, charged liquid

particles which in turn combine to form solid insoluble particles.

The three phases are explained diagrammatically (Fig. 1). If we could evolve
the various parameters affecting the three phases, their interdependency, their relation
to output and input, the evaporation phase will be solved mathematically. The
present work envisages a study on the first phase of evaporation, i.e. (the dry air-+water
vapour phase ‘n’). The term ‘plume’ is used to describe flows arising when buoyancy
is supplied continuously. The term ‘thermal’ is used in the sense which has become
common in meteorological literature. Both plume and thermal can be axisymme-

trical or two dimensional and it is often convenient to discuss them as if they rise
from a point or line source (Fig. 2).
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For the development of the model we shall make the following assumptions:—
1. The plume rise is caused by buoyancy.

2. Wind speed is constant with height in the region where plume is rising.

*A variety of cloud.
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The dominating dispersing agent is self-generated turbulence of the plume.
Potential temperature gradient is constant with height.

5. The rate of entrainment at the edge of plume is proportional to some charac-

teristic velocity at that height.

The fluid is considered incompressible and the buoyancy positive upwards, i.e.,
the motion will be discussed as if heated air were rising through the atmosphere,
though the direction of motion is not of importance in cumulus dynamics. The
effect of compressibility of air on the vertical distribution of density in the atmos-
phere can be taken into account by using potential density instead of absolute density.
Boussinesq’s approximation will be used, i.e., density difference (p,—p) between
the environment and the buoyant fluid will be neglected except in the buoyancy
terms, where they occur in combinations like

A =g (pg — p) /po-

A “top hat” profile will be assumed. In this profile all properties are constant
across the updraught. This has been assumed in all previous treatments of cloudy
convection and is more convenient for calculations than for a Gaussian profile. In
addition there is the experimental evidence mentioned earlier that it is a more realistic
description of the properties relative to the plume axis at any instant.

»

EQUATION OF CONTINUITY

The equation of continuity, in a medium of varying density, for a plume which
is rising and adding mass at each level at a rate proportional to the local upward
velocity and to the surface area is:

Inflow velocity=nrR2U
Vertical velocity =2zRw

Hence % (mR2U) = 2onRw

L d s
(J*aTx (R" = 2awR ces (])

where R, w, U and x are the radius, velocity in vertical direction, horizontal wind
velocity and the height, (Fig. 3) « is the entrainment constant. Thus the propor-
tional rate of entrainment per unit height and therefore all the properties of the rising
cloud which depend on mixing, such as the velocity, buoyancy and liquid water
concentration (in form of vapour) will be the same functions of height, provided the
ratio a/b is kept fixed, and changes in « may be compensated by changes in b,
where b is the buoyant acceleration.

EQUATION OF MOMENTUM

The equation expressing the increase of momentum flux due to the buoyancy
forces is given by

ng— (R'w) = R . 2

Ae

where b is the buoyant acceleration given by g o
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CAP

FiG. 3. Front of the Starting Plume

EQUATION OF BUOYANCY

The variation of the temperature of the updraught follows from the conservation
of energy.

_d_, 2 — 2 2
de (R?) = — R*wN' . (3
The effect of stability enters through the parameter
2 _ 8. de detq
NE= — p dz = &/Ty dz

where g is the acceleration due to gravity, 8., pa and T, are the potential temperature,
density and absolute temperature. N is the Brunt Vaisala frequency which determines
the stability of the atmosphere. Atmosphere is stable, unstable or neutral according
as N?is +ve, —ve or 0 respectively.

EQUATION OF MOISTURE

The distribution of moisture for the case when a horizontal wind is acting with
a constant velocity can be investigated by introducing a fourth equation representing
the conservation of water vapour:

d
Uzb—c— (R¥q) = 2Rq.aw .. 4

where ¢ = specific humidity in the plume, i.e., the mass of water vapour in a unit
mass of moist air.

go = go(%)
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By (2) and (3)

2
U’%E(sz) = — R*wN? = — N2 (R%)
d? N2
S (R?w) = — ¥itl (R®w)
On solving, R*w = A cos % + B sin ]—\(rj—x .. (5)

Now for evaluating the constants 4 and B, using the boundary conditions
Rw=0,x=0 ..4=0

again atx = 0, R*%» = F/U . B = FINU

where F = Input from solar radiation

= Flux of buoyancy
Solution is :—

R?w = (IU?/N) sin (Nx/U) ... (6)
R = [U%/cos (Nx/U) ..
here I = FJU® = Buoyant length

Rew = (IU¥N) sin (Nx/U)
U% (R®) = 2awR — 24 (IU}NR) sin (Nx/U).

This is a differential equation with separate variables hence on integrating,
— 2alU

@3 y*n = =L (UIN) cos (Nx]U) + ¢
or (R%3E? = — ﬁ‘%];— cos (Nx/U) + ¢
R = 220 ge 4 (< 1 cos Vx) 1
2
R = 3;2[] ¥ 2n—1) + (— Drcos (Nx/U) &
for n—)nUNS x< nNx UN
. d .
Again Ez— = w/U = VR Sin (Vx/U)
dz IUJN sin (Nx/U)
dx ¥ 3alU/N2F 23 g (2n—1) + (—1)m cos (Nx/U) § 2P

Solution gives
z/l = Co+(—D"[BU*/(«*I?N?) § (2n—1)—(— 1)"cos(Nx/U) § ]
For detailed analysis a paper of Slawson and Csanady (1971) can be referred.
DEVELOPMENT OF MOISTURE EQUATION

Considering the moisture equation

U%(qu) — 2Rgoaw
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i—_‘ 2Rqoaw

or Ug - d (R?® 4+ UR? I

or 2awrq + UR? dq

I = 2wRq, o

N 2
or  2ug NR2 (Tx) + UR gq_ =2°“7°‘JIVZR2' sin (Nui)

2
2aq l](VI sm( )+ UR3 dq = 204, l]g sin ( ]I\;x )
3a IU? Nx dq
or U=§ N2 [(2’"1)+( ) °°S( ) dx”

+2[ U Gin (?’,"Z]q—z— do sm(ﬁ(’})

O

1

or 3k [ ) ( —1 )” cos (i\fi dL
N2 sin (‘> U dx
+ 20— F 2F

oN 1= TN 9"
This is the differential equation expressing the variation in the moisture with
respect to the height, taking into consideration the other parameters.

Discussions

Notable information on the structure and evolution of extensive layer-cloud
systems, usually associated with vigorous depressions, have been obtained in the
U.S. by the simultaneous use of ground radar and instrument aircrafts. The air-
craft was equipped to measure: (1) temperature, (2) pressure, (3) humidity of air,
(4) liquid water contents of cloud and (5) cloud tower radius.

It also carried a “‘rate of icing” meter, a device for collecting ice crystals, and an
accelerometer for turbulence. Radar particularly when used in conjunction with
instrumented aircraft and supplemented by careful visual observations of the cloud
has proved a valuable research tool for cloud study. The fact that the cloud may
reflect back, sufficient of the energy, of the radar beam to be detectable by a sensitive
radar receiver many miles distant, enables cloud characteristics to be recorded,
analysed and studied in the laboratory. A small fraction of the incident energy is
scattered back to the receiver—transmitter by the particles that compose the cloud,
the actual fractions being determined by size and concentration of the particles and
wave length.

Though the complete model consists of three phases yet it will have to be tested
with actual data. The data needed will be: (i) percentage humidity; (ii) the
vertical temperature profile; (iii) the wind velocity; (iv) the input, in terms of
evaporation due to solar radiation, from a controlled volume; (v) the density deffi-
ciency; and (vi) cloud tower radius.

The precipitation evaluation using the ground based calibrated radar has been
described by Woodley (1970). The radar evaluation of rainfall was supported by a
radar-rain gauge comparison reported by Woodley and Herndon (1970). Total
shower rainfall measured by recording gauges was compared with estimates derived
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from the Miami Z-R relation given by Gerrish and Hisser (1965) in conjunction
with radar reflectivity measurements. The radar and rain gauge estimates were
highly correlated and differed an average between 8 to 30 per cent.

The cloud tower radius can be measured with the method of Herrera Cantilo
(1969). Taking into consideration the achievements of Joanne Simpson ef al. (1965,
1967, 1969, 1971) we have taken this step to build the analysis of cloud genesis and
its growth considering the cross wind effects.
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