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The themodynsmic investigation of clouds is centyred
around the moist adisbatic process, The classical theory of tha

molst adiabatic procsas, which, desplie its deficloncies, still
reprasents the busip process upen which all) refincwents must
be wmade, provides a simple tool =~ the thermcdynamic diagrnn{;- to
deduce the cloud properties at any lewvel, In appiying
thermodynagics to the study of the nature of vuriical wotions
of the cloud air in the atmosrhers, it viswelises the updraught
g8 being unaffected by the snvironmant through which it ascends
80 tht ﬁhnra snould be nc transfer of heat and msss either of
vater or alr batween the parcel and the snviromment, A further’
assunption is that the latent heat of condensation ( or of
evaporation ) should be exchanged so rapidly between the
condensing water vapour { or evaporating water ) and the air
that no temperature differences will develop.

In addition to the above assumptions the alasslcul theory
envisages two types of adiabatic vardations of state of moist air,
The first prooess, termed the saturated adiasbatliec prooess, was
discussed by Hertz (188%) and Neuhoff (1900) on the assumption
that the products of condensation are retained with the air, none
being preclpitated as rain or smovw, Hertz ponsidered four
successive stages of the dynamie eooling of moist air



the gaseous stage when the alyr remains unsaturated and no
ponensetion is taking placey the rain stage when the air ig
gaturated with water wapour and condensation of water vapour
occurs while the temperature is above the {reezing pointy the
hail stage when the temperature reaches 0°C snd .tha sohdenged
water which hax bech carried up by the ascending air freczes;
ani the snow stage when the texperature is below the freozing
point and the air is saturated with respect to ice so that
the water vapéur gublinates on ascent. This proceas fz strictly
raversible for if the molist air and condenged or frosen vater
products are again brought downward, evaporation of thaa-t
witer subatances uses up at sach stage the same amount of
latent heat as is mleascd by condensation { and/or frecsing )
on their ascending motiocn, |

On the other hand the pseudoeadisbatle vunatiws of
state of the molst sir as envisaged by Wilhelm Yon Bezoid (1888)
sre irreversible, aince in this process all the products of
condensation are preeipitated, This meuns a loss of saey and
since the precipitated massz of condensed water gubstances takes
its part of sntropy with 1t, the process ceases to be '
isentropie. Purther, inm this progess the latent he:t of fusion
is excluded, However, it has been shown by Fjeldstad ( 1926 )
and others that the differences which ariss acgording as we
regayd the products of condeansaticn as falling out or belng
retained are so anall as to be negligible in practice, |

The infiluence of this 1line of thinking has led to the



neglect of the effect of the produots of condensation on ths
thersodynamies of the convective clouds. Unfortunately, we are
not yet in a position to have a definitive reformulation of the
thermodynaries of meist nir, in spite of the fact that s large
volume of work hag been done to explain the processss thit lead
to the formntlon and developrent of precipitation in clouds,

In the absence of such s reforsulation, we san, however, hope
to have some sort of refinement of the baeie moist adisbatic
procass, whereby we oan teke agcount of the influence of
1iguid water on the therme « and hydro - dynamica of elouds,
wWhile the latter affect is caused by the weight of the liquid
water the former effect stems from the fact that the liquid
water ix dispersed into drops and droplets and condensution

{ or evaporation ) takes rlace en { or from ) such dropg and
droplets,

fven in the discussiom given by Schnaidt (19b3), while
revising and checking the fundamentsl congepts of the alassicsl
theory of the molst sdiabatic process, no stiteniion has been
paid to the above aspects. He has meraly considersd (1) the
cloud adiabatic, in which all the condensed water is retained
and carried up vith the rising alr corrents (ii) the goneral
pseudo~adiabatie variations, in vhish part of the water drops
emt, and part is earried along with the rising alr currents and
(111} the special pseudo-adimbatic process according Lo which
2ll the water falls out. The first process may be true go long
&3 the drops 4o not grow to _pnﬁpltatian size, that iz so long



ag the iiquid water 1s dispersed into 8 large nasber of

small droplets wihich reccin sugspended, and are borne asway by
the ageending air currents, and the third proveas does hot
occur in nature. In nature, the normal process is the second
one, Mowewer, the percentage of water which falls out varies
widely with the atmogtheric conditions, so that no general rule
ean be given for its computation, lience the “general
pssudo-adiabatic chenges® intvoduced by Schnaidt can not be
giv&n'in ah explicit form.

In explaining the soures of enargy of the conveetive clouds
Refsdal (1930) and Normand (1538) have sonsidered the
pseudowadiabatic ascent of & parcel of moist air to obtain a
representative tempsrature of the pareel, with the help of &
themsodynamic disgram, and the caunge of all the buovancy of
the parcel has been agsribed to this tesmperature -- thereby
exeluding the effect of liquid water on the buoyaney of the
cloud parcel, Bvan when it is found that thiz simple paresl
theory of the growih of convective nl&uds. in termani the
slagsical theory of the molzt adisbatie process, over - estimates
the heighte of the tops of tha cumulus clouds thﬁ 1lguid water
hag not been considered as a possible sausative factor in
reducing the buaysngy of the parssl. An explanation for such
an over-sgtisetion has bheen sought in the Palice method™
advanced by Blerkoes (1938) and Pettersen (1939), The alice
method takes into account the faet that an ascending air
parcel {3z surrounded by air whioh sust dezeend in order to



preserve contimiity of mass, {owever, this does not show vhere
or over vhat extent the sinking motion of the compensuting
currents will cccur, A suggestion hng been given by scme writers
that the ginking motion may be distributed over such a wide
ares, extending beyond the region of conwection, that ita

sffects are not appreciable,

SBtomsel (1947) has suggestad an "entrainment” model of
cumuius, that explains the observed heights of the tops of the
trade-wind cusuli vhich are much below the level which eloud
air could reach if it rose as a noneinterpcting adisbatic parcel.
Further, the theories of entrainment due to austin {(1948),
Houghton and Cramer (1991), Haltiner (1955) and others have
tanded to regavd the observed average lapss ratsx steepar than
the saturation adisbatic lapse rate and the less than adiabatic
liguid wvater content inside the alouds as sntively dua to
sntrainoent -~ thus ignoring the effeot of liquid water,

Departing from the conventional approach, Seorer amd
Indlam (1953) have evolved 2 model of sonwvestion in which the
reing saturated current consists of un aggoregate ol buoyant
tubbles of alr. According to them s buoyant bubble, as it rises,
lifts the dry environmontal air above it, which cools adiabatieally
and so beging to aink along the aurface of the bubble, Thias
ainking senvirenzental alir causes "erosion" from the bubble eap
and prﬁduaos bensath the rising tower & wvake of turbulent air
which is a mixture of cloud and environwental alr. »hile in the
entrairment modsl that the major reduotion of vertical momentux



relative to that of the non-interseting parcel has been assumed
to arise from buoyansy reduction by dilution, in the bublle
theory no dilution of the bubble cap has been assumed and all
logz of vertical momentum has been thought to take place by
moans ori";_fom drag. Thus, although a mechanisa for entrainment
has been suggested, no thought has been given to the affect

of 1iquid water in redusing the violence of convection. However,
this is understandable gince ths bubile model iz concerned

with the growing stage only and has not attempted to discuss -
a precipitating cloud. |

Thus, this brief survey of the history of cumulus probles
rmala how the role of the products of condensaticn, which
themselves have been considerad to be 'hhar products of
thermodynanical processes, on the life ¢ydle of convective clouds
has not been recognized while much importance has been given to
the processes of mixing and entralnment, Hewever, by halding
this view, we do not mean that the processes of mixing snd
entrainment ars wnisportant, There is no doubt aboutl the
importance of suéh processes ln reducing the excess teasperature
difference between the cloud atr and environment, awi in
modifying the other propertics of the gonveotive olouds,. We
only wish to point out that some of the Aifferences detwecn
the obassrved gwoperties of the clouds ard those predicted by the
sieple non~interacting adiadbatic parcel theory are, at laast,
to some extent the natural W@a of the assumption,
underlying the clagsical itheory of the molst adiabatiz process,



