
•

551.515.4 1

On aspects of updrafts in local severe storms : A control
theo retic approach

1'. K. OllAR mill D . K. SINIIA
Ce",re lor At,"u3pherir. Sciences. Uuiversiry (~r Calcutta. Calcutta

(Received 6 Ja nuary 1994)

.... - 1"IiI q 'ikno<!~ ,,<Ofw h It F"! ;rill.., ....... "'" , ........... I"'" ~;-sf) .. """" """'" .. """"" m li !t"l
r~ _ fllllf'" ........""" fot:lll "'" Ii, "" mot.! 'f'R: ~'"~ 'JWlI i ;il .."""' ....~ ., 'It i , .....,
•......,. ., <rrr. "'"""......", "'" ""'" ""'"~ 1tI~ oil~ ......,~" ;i,\ '1t . , (ll ri>r<~ Q{ "" ,... <riq)'

i """" "'" '1(l •• I~ 1~7~ ) lit ~ 'l'f'!: ""'""" ''It! . ,

AUS1'RACT. In th is pa per. an <eltO li pt is mad e to app ly a co ntrol theo retical app roach 10 study 1M optimum
d istrib ut ion of .vcrM,(' thermal b4 10}mh.-Y (th ermal enere)-). requi red for attain ment of maximum ¥mal velocity in
ftu" llr~lr.afl . lll i, dr,·f'1n ('lnu."nl. hmikall)' 8 transport P"~U. is Uln..titionn.l by the constraint. pullin, Slipul.tion on
,tu- '"",,1h uf .il ' "("raae powrr iC'nt'facN b ) ' therm al boo)...,,,")' durilll the lime of cperatloe. The vaJkle lion h as bun
soullin O il the lin~ f ~!'IsJer ."'... or U !'lin~ data. nUl .....tloll)" divorced frum realil)',

I(~ ...rlk -e- Th erma! buu)'a n~)'. Thund ersto rms . ~l1i(,l1 l veloc uy. Mi.' ine ra te. A\oIIel1tle power; iJpdra(t,.
Nor'westers,

I. Introduction ~ MClho d of <omp ul.l ion

2.1 List of symbols used

2.2. SIQlcneRI oj lire problem

From Ih. foregoing IiDes. thc proble m turns out to
be one of det crmin lng the average Ihe rmal buoya ncy
dcnoted by B(I) . sa that Ihe 8vcrage vcniea l velocity 1«1)

can attain a max imum value, say w*, in least pouible

Th ertunl buoyan cy is ~JUnd to ini tia te: the trigge r of
the parcel and in a way. co ntro ls the developme nt of
the maximum vertica l .veloc ity of the pa rcel in case of
occurrence of thunderstorms (Weisma n a nti Klem p
1986), The ma gnitude of the max imum vertical
vclocily of the parcel docs Influence the development
of some th urnlcrstorms (Browning 1982): i t is basically
.k-tenl1ined by Ihe stren gth an d lateral dim ension s of
the vertical d rafl (Bro wning 1982. Darkow 1982.
Hill 19K8).

The study of the distribu tion of vertica l average
Iher.nal buoya ncy. othe rwise ca lled thermal energy is.
therefore , necessa ry a nd more so. because of the
development of maxi mum vertical velocity of the par­
cel. To ma ke themode l study ma thema tica lly trac table
we draw upon the concept a nd tech niques o f control
theory arid in particular the optima l co ntrol Ihoory.
The expression for thermal energy in terms ofthe max­
imum vertica l velocity. he ight oflhe maximum vertical
velocity and the ra te of entrainment for the same in
shortest possible time (most rapidly) is obtained. Thus
one obtains. a, a result, various strands of thermal
energy condi tioned by the co nstrain t required for
attai ning the maximum vertic;)l vdocity of the parcel.
Thc cxcrcisc of oplimalily also yiclds a quantification
of buoya nl energy. We have also lite profiles in Ihis
papcr, providing useful underslanding about the pro­
ceSJ involvini lhc paramcrcrs mcntioned above ,
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Veloc ity of the vertica l wind ( 01$- 1).

Average vertica l velocity .
Maximum value of the average verti­
cal velocity,
Maximum vertica l velocity of the wind
(ms- I ).

Accelerat ion identified with the therm al
co mponent of buoyancy (m, -~).

Vertical extent of updraft co lum n.
Assumed mixing rate for heal momen­
(urn and water substance associated with
mixing in the horizontal plane (s- I).
Coefficien t that co nverts co ndensed
water to equivalent buoyancy (ms- 2/
gm-Jl
LcaSI lime and height for attend ing ma x­
imum vertical velocity respecti vely,
Constrai nt of average power gene rated
by tberm al buoyan cy.
Average value of ( ) over 1//2.








