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5 r Jr '1. .. .

l!
ll -:!\l r8

, .. .r 1. I I

thc wi.d, and lost tuning dorijriind, as tre-
vi ous ty ob s., rved.

Th. fligirt spccd, !, -is a rLrxiilo turn
" ,1. .,J

doun(iDd. Th. totaL .r.rgy gaincd or lost in
thc.on!Lctc turri is lLrer

/,,\.:t\ \ - l : \ I -_ 
lr ! 'r g !\l /

lhu5. thc Lotrl onergl for onc co plete

? \r 'l\ lo ( ')lJ r\ rle rliL

Th. .ncrgv sup!ricd is thils se.. to b.
nlorc thar thrl avrilsble in e circlins oil.it
|v . laclor of 4.

Lt is not/ble that thc cncrgy supplied
is ird€tc.d.nt of .ither the l'hugoid frcqucncy
or Lhe tuming r.t. i eith.r casc, lt is
dcpendcnl only o! narirnum and niniij'um attain
$]c flieht spccds. the .vcragc uind velocity,
and thc wind r'elocily gradicnt.

'lh. totxl enclgy dissiprtcd to thc at

tll)

. 11! ,--_.-*l
, s r( 

^,/\ 1,r' rr | ]

rn the tlrrrs 
- [/tt\t.' ]"'

r. = lv'scn + [€ ir .l--
nin ]!Ysx lrc

Integratio ovcr half a cycle
energy lost in eac| tu1n ff

l f'r vrsL!. 
" :rl,2 I

'u=.l-f - 
e\s; Aff-l

This cxlression naI bc rcsritt
forc, in terns of thc ndninum rate
Then for thc straight por.tion of th

ta , I t*,s'r., n /..0 ri [-,r lll= a l;---\\ -, L-l

;- rrr"r,.," iol* ,,'L'? -
tn th is exprcssion,

tuln at rhc high point of
\I = \'nm for thc tur at

v = \irin fox the
the o rit, ed



t
h -ti

..: :\'" tl

/'.\

(:jll is oil

+ lll

th., nininum I oss ot

TECIINICAL SOARING, VOL. V, I'10. 2

({!)

frtl

ligures s and 6 lres.nt tlie rcsults of
onc set of suclr observationi Judc.l jarch 2:1
1976 oler the Chesat)eate LlJy. fiittrr.5
is u plot ol !ind rJclo(itics betori 1000 fect,
th. re!,ion rhi.ir includcs the rtnjostl,eric
bou.d,rry 1ay.,r, rnd li!ure 6 shows th. riDds
rloft. ihe velocity profilc !,jrhin th. boud-
darr laycr aglees wcll !ith D!vcnpo.t's tjo{er. rior. ' t. l(., r. r. . ., .

.ti.nt sas rlso found to bc uithiD th. .a.'.
',,r'll,.l'...

,\ft,.ndir J, lyt,c5 oI l\'ind sheNrl .

llc gai jlr altitrrde |cr c)cte iu. ro
such ind shea.s by an aircrrft eiutrtin! a.
albrtross can le conipurcd by rcfcrence to
lquation {221 or {21); a .l ttre attitud. tost
duc ro dras from rquatioDs (2ar) o. I.i0J and
( 511 .

'llr. !erljncnt charxctcristics ot tt,e
B.cchcraft Donanza rirplaDe ar. su nrari:.J in'lab]. 1. The fouc.r off miniNninr ratc of sink,
a d th. st)eed 11 hicl, this occurs, and sril|
spccd, \'e.e dct.mined by ftight tcsi.

j-t-- lJ2 )

v*

the total altitud. Losr is the sun of
that sivel b)' Ll(tuation {l1lJ, and tj!tuarion
(321 c!alualcd for each of the tno turrs.

LXI]] RIIII]\TAL RLS I]I,I':]

1h€ extcriDertal invcstrilrLion uns con
du!:icd in a lecclcraft Llonanzx ro.l.t F:r:i-A

t , , o,..,t
sjngle-eIginc !ener:!1 avialio nircraft in
the tig\t utility categon', eqripled wilh x

'{',.e '' '. .0 ' l \
d.,vclot)illg a lraxiILd of :E5 hours.tor,cr at
sea lc\JcI, aDd a tlccauleI constrDt sreed 1!o-r',.,.i..

'lhc aiitilare (as equiftcd (ith a {trift
si!.ht locate{l i rcdiately b.hi.d rh. pilot's
scat. lhis nadc it possibte 1o nclsrrre tritl
argies or various hcadiJrgs and ttrus cont)ute
wiDd streed and direction at Ilight rtlitude.

aot^/tr,?/ 1,.1t R |HE4P

TABLE 1

Stall stecd, fo(er oll 74 nt,l
Uininun R/S, fc,Ller olf 14.3 ft./sec
Spc.d for ini uir l1/S 83 rph
Design nran.uverirg spccd ls2 ilrh

150 r.DI,
tl,c cunLLrrrlti.ns. \ (Js tat er,.,r
rnd !, ,_, Jt Su I ."'""

l:r,a 9v



'tNlL! :

lrlirht \ltitude dV,/dh Altitude tirin
It fr

.i5tl0 0.01)i00 l5? or 121

.]s(l(J 0.00:25 l7l or l.t3

55r)0 0.0116:i5 222 at 111

:t000 -611011 0.110:i3l l!0 or t:19

:00 0.0.1E:5 :la8 {)r 3r)8

TAIILL :J

I I i ghL l,at Lcrn

Uirclirg rtlcet racli
lltitLrde Lost 79:i ft 127{i f1
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'1!hl! I !rcscnts the rltitude which t|e
aircrrfl .oulJ b. e{|ectcd to gain in one
c)(lc lron the Lri d conditions describcd
abo!.; and Lable :j th. altitldc (tii ch rhe
B.cchc.afl lionDza rould losc t)cf clcl. duc

it is cvidcnt tliat for th. lc..cl,cnfr
llolanla th. altitLrde lost du. to drr! is fJr
in c).cess o1' thc gain tlu.' to Lrind slicar. !L
fa.t, the (i.d s|c.r r!uld n.cd to L,r .bDut
tm ord.r of nrlDitud. gr.rler lor thc glin to
be th. sr!ic .s thc loss.

Thc !.rfomence chrr.ctcxisricj ol rhc
8re.hc.afl lioLr!n:r caD l)c xrtercd, h.M.!.r,
l,) the us. ol totrer. lt can th.r !rc Da!1. to
siriuirtc hilrl, t].rloriiance srilt)1an.s. .\ con
vcnje t rLeI to crprcss the torrcr sujrtl.d is
as e l.rcenlate of thc total thrusi lo('cr
a!.aila|]Lr fron the eD!:irc. Li|lc 4 frcsc tsth. .ntui Vrleni terf orrnanc. t),1r.rrct c rs so ob

As a !ractical lr:rtter, it is more con
v.nicnt sinlly to adjust t|e pofcr ar neces
s.rry to achlcve the desircd injni unr .inh rate.
Nr advantale oF this lrrocedur. is thxt it is
rl'c, '.' -..
the test datr for gross w.i:tlt or ,r non
I'r d-J1.o|'r.' r t,.

rncntal results !itn anal).ti caL fredictions,
as the nini)iu!r ratc of dcsc.rit and the altl
tudc gained or' lost irrc both detcmrin,.d for
t|c saDc gfoss scilht in th. sarc atiostherc.

filurc 7 i. ? plot of th. attitudc l']rich
3n aircrnft nry.xfcct to ltain as l function
of win.l shcar. lh. l:rt1.r' is rtso cxpr.sscd
in tcrms of !'ind !.Iocitv at thc i00 foot
lev.1, in or.l.r to givc so[e lcel for th.
Njnd velocitics \ihic| ndgnt bc rcqtrir.d. Ih.
functio.al rcltnionsliit bct!'.'en wind vctocitr
dd altitude trrs corrt)L1tcd on t\c l)asis oll
l)r\Jcnportis poricr cquati on.

/1d,. /.2.1

l,\llLl, I

'/ t,'1,
0 t4.3 tt.57
15 9.8 rs.28
2i) E.0 1 8.31)
25 6.1) .t:l.66
30 .t.5 a1.27

3. -
:10 I.a !t'-13

V- al". t3,)

,toa ,r24 ,.]2
.r'|,//h /tr/e. ///)

4ta/.uat et//r'F D

l:'ir,urc 6 is r flot of th. artitude !hich
thc ts.c.lrr:reft liorLanzr JLa). |. catlecteLl to
tose at !.rious t)orcr scttir!s. Tr! flillrt
tcst datr !oint. ,1r. in.1111cd for l)uq,os(is of
coDt)arison. lhcsc w.r.: oL,tain.d und.r.o
i'ind cordiliors, utili:ir! tIe rrcct cl f.t-
tcrd. It is cvidott thal rctrrxl all itrJ. lost
ls so rc$hat irL crc.ss of tlrc analvtic fredi.
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tL--|.

4 6 3 to/2/1 tL t!),
k/s).," /4,/.,
4t. 3

t/-ry)E La3-

tion. lhis js due in frrt to the necessjty
' . ' :t. ot . . . l

adherencc to thc fli!ht I)atrer. rc.tuircd.
Iir:tLrr. ! .oJibincs thc drti ffou l:i!ur.s

7 rnl 8 and in(ludcs data lor tlic:ichw.iz!r
I:6 sJilplane. :lo[c noLerorthv conc]usions
nal be drawrl 1'rom this trlo1 .

I irst, llrc rragnitudc of tIe !ind rcto
cit] gradient r.rtul reJ for x ct :cro loss o1
altitLtrdc, is sigdificJnrl) toNcr r-or the cir
cular t)attefr than it i5 for the racotrect
tattern. 'lhus, !ilot skitt is rn i l,ortart

Sccond, the Ni.d shear .cqLrirL\l to
achie.,'e Lhis balance is quitc irrL.st in thc
ca:-- oI Lh. SchNcizcr 1 :(r s.i ttilane, bcjn:l
on thc order oI 0.01 fcet |cr sccond t.r toot.
Jl.lercrtce to laLr lc 2 shou'. thrt e grext.r
Nird sh.ar lhrn this I'as found to crist NiLh
i the .nrtlrr. boun{lrry lrycr !t l0{J fcct aL
titude. ln fact, thc NinJ r.ctocity itra.lierti'rs sufflcie tl) stc.tr so that tIe racctrack
fattcrn ilould havc servcd the t-20 also.

It sl,ould |. noLed that tlrc rc!uircd
3ri!1e of banlt at thc bottoDr ol thc cycle is
\.r'. Frf. ..' rr o, l , ... .i .. o,lj

ti

.i,'6i"""
6",'"

-4
1/'J'

l)resent no dilfi{,ulty, no ever, since rhc
lo.d l'a.to. ir !clt t)clo\' th. liDiit told lec
tor. At t:re tol, of Llic .yc1e the rcquir.d
burk d!1. is 5so. IiLis is r'.11 bclou thrt
fossillc 1'.r the ninimN sf.icd sclccrcd, 40
rifh, and tl)c ld'cl fliglrt strtting steqt.

IlthouAh Fjqirrc 9 shoNs tliil lhc llc.ch
cra[t L]on.rza sIoLrld be Nbtc ro JxainLrin con
I inuolls l'lillht $jthir a tlficrl hou.Jrr)
Ir).er !ind shca. wjLer siJruleti u a srilJ,larc
Nitl, a 

'xiniJ)un 
rxtc of sink ot o!. a.d. hrtf

1'c.t t.r rc.ond, successful dcmon.trrLjo ol
tl1is Nx: 

'1ot 
rcnicv.,d. lhis (rs |robrl)1y duc

to tL!o factors: th. Drcan nltitud. !15 iterre-
rr11I too hig|, t:rliilg thc flitlit J).ttcrn Lrut
of tlic stcep fut of tl)c rclocit! !.a{ijcnt i
a d thc llight prccisio r(:qLrileJ ras not

fLI (il1t ut0JNlQU|s

AlLhoulli Lhe rrcctrilcti flt!tLt tattcr|.xt.acts iDre cncrgl froli the Nind rtr.rI do.s
the circli g fatrern, ss Irrcfioustv not.,t md
as illustrrtcd in fjgurc 7, tie!rc E strotrs

..i.,,
r,. . .,.l,,.

11
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t..n, hoNever, is nrch nore diffjcLlLt to Il)'

ln thc.ir.li)'t lattcn it is necessary
to disure thrl flight sf..d is tieciscLv at
thc requi.ed nraxirrur Lihen l,.ading cross uind
at Ll,e ninimunr altitudc, and at t|e requjrcLl
nini un rien on thc optosile headlng at the
toL, of thc cycle. It rrust be the ,rean of
thcs. tNo values Nhen hcrdin! direcrl)'donn-
uin.l or up ind, at Nhich tiiie llre angl. of
cljii| or desccnr nrust lc ! DLrrinru . lhc turrr-
ing rate rLust bc kcpt conslart at thc co liu-
ted ofl inum vaLuc, rhich nreans that the irn!tlc
ol l)anli ,ust b. laricd conti.Lt.ustv .. l'1ighr

The ..cctracli lrattcrn is nuch less dc
Irandln! oF pilot skill. The t..lr.riluc ithich

. I .r
is sct 1'or ihc desi.ed ratc oF sinl xnd th.
airfl.n. is f.iirin.d to []y ha..ls off at tl)o
ncrn flight spccd. hexdjn! donNi d. Sfc.d
is thcn reduced to thc Idrinun tr'ithouu re
trinDring .rril rl,. controls .1r€, rct.ascd. lhc
nosc r'i1L irot lnd stecd ilill i.crc,llse. rlrher
th. steed ii at trin sfeed th. angle of Lliv.
irill L,e a mrxirxnn. Slccd tti1l continrr. r.
i crc6. rs r[e nosc co'nes ut), .nd it Lii]1bc
a Aifirm r'lcn thc air.raft is if a Levct 11

titlrdc. Tiiereaftcr tlie fose kill co.tinu. to
ris. as the ste.d t'.11s, xgain att!iIir)g trir
sf.cd Nlien thc clirrb :iDgLe is . nx-\imrm r\(

sfecd conti ues to f!11 th€r nosc Hiil also,
k L t..6i , t. r r ,. I. I q o.

noJe csta|tished. lh. rcsultirg I'|ugoid os-
cillrtior is ti .d, and naxiDun divc angLc

d speed l1re notcd. 1f tfc naxir'ur! sfeed i:i
bctos that desir.d, clevator control is uscd
in the ncxt oscillation to increasc the a{i
iNn dive .ingtc. hc divc anglc neer"n i.
achierre tlje rcquired naxinur sfeed i< n.tea

o.,.1. ,^l. l

s!eed is r..achcd rrd thc airc.aft is hcading
do(nwidd at thc bottoJr of the .Iclc, it is
Irrt into a ttrnr at the |re conput.d hok
mgle, shile thc clevator corrtrol js uscd to
naint.in sleed. Aftcr comfleting the rLrrn
into tl)e witrd, Liings are lerJeled and thc clc
vator control js releas*]. ,\t thc tot oI thc
cyclc clerliltor control is again used to rr.in
txltr mirinjlni sleed tr'hile tli. aircraflt is
trrncd do\'nrhnd, n'hen (in95 .rc r{ain 1e!el.,d
drd tl,e clcrator contlol is rclcased. !lcvx-
tor control is onc. nrorc us.rLl to lush t|c nosc
do n a bit morc il the nra)iinld varue requir.d,
as earlier dctcmined, is not attaincd. Thus,
flight sleed is autonatically !aricd in
a($rdancc with thc nornal Irhugoi.l 

'nod. 
of

the aircratt, kitL a littlc h.]t lron the pi-
lot o ce erdr cyc:le lo.or)|e.sate for the nor
rral dentin! of this mo.L..

lhis t).ttcm can bc fLoNn quite |rccisely(ith a riiriruri of l)factice.
l!|lc 5 girres the fligirt pnra eters corl

futcd for the Eeedrcr'aft llonrnza for tr. .ir.
lirg a.d r'acctrack pattcrns.

l'rtt e n
Ci.clrrg trcctrecl

rlaximun st.cd 150 r'tl, 150 
'nth

tlinliuDr sf..d 80 Jth 80 rpl,

r.lrxinrn load f:r.tor 2-12 2.14

Uiniid0r loa.l factDr 1.11 1.4!l

Barlt an!]. ! \ir,ar rlo 610

).,r1 ,1n. l. j \ l,u lllo

r1lxin, dir,c r cle 26') L7o

The narinun load factor t,resc.ts Do prob
lern, sincc thc d.si!n load f!ctor lor tlrc
B.cchcrll't nt naxirlutrt gross $.i!ht is 1.4.
'lhc oj^irnum load lactor and th. niniiur si)ced
are iDcoiipatibL., horiever, becausc undcr thcsc
circunstanccs tlre strtl anglc of attacl( is ex
''' I r' i

ing the rnininuD stccd or r.Jucing the a glc of
l)ank. lquations f22l and (:91 sho tliat tlic
encrgy gained iron thc Nind is dj rectly pro

.r,i
:it,..d woLlld reducc thc en.:rty gain sit]1)ili
cantly. I rcducLion in anglc of bxnL, low
e\Jcr, incretses thc energy loss due to drag
far t.ss. for c{arrflc, 3 len nilc per hour

IdIi
17!i rcducLion in cncrgy gai ed fron thc windi
(hc.ers rcducing the adgle of brnk froir 481
to 30o produces e 5,; incre?se i. thc rltitudc

Accordingl), the tof tunr tras generally
Inadc at E0 rFh, and the arlljle of brnli !.!s
cased as ncc.ssary to avoid stall.

.O)CLUSTO\S

1. There appears to hc ro theoretical bar to
utilizing a vertical $itrd velocity Sradient
For obt.in i n! cont inuous non-loL!er-'d f 1i ght
in eris ti ns sxilplaDcs.

12



2. llind velocity gradicnts $hich have beer
obs.rlcd in the upter atnoslhere arc not suf-
fjcientll stee! lor this purposc. nris Da)
not |c th. casc i. the vjclrily of i jct

3. Nind velocit), Bradients L!ithin thc boun
darl laycr can frovid. the energv required
for sustainerL non fo$.rcd flight jn cristing
sailplanes. Surface viDds ot' th. ordcr of 30
knots should bc sufficient for this purtosc.
.1- !ithcr a ci.cular or a racctreclt flight

, r':r 'r.' r"1.
eflicient in cxtractirg energ) frolr oiDd
shear; thc drag pcDalty, hoNe\.e., js Crcatcr.
Overall, the circular trttcrn is iiore efli
cient but re.ltins grcatcr fi 1ot s]iil1.
5. l'rccislon in folloNin!j the !rescrjbed
flight tattcrn is of utnost inportarce. The
circular pattenr is Diost derna,rding iD this
rcspcct. In thc racctrack fattcrn, in the
'un -r .l IbrL brld o.
th-a turn at tle top ai)-speed nust not be r1-
lowcd to increase, nor nrust it bc allosc.l to
de.r r e in l, l'ttto, L'rr-. l, r.
stlong Lrrge to.lo both; in tlrc onc casc to
avoid stall, and in the ot|er due to r.rpid
rate of .lcscent close to tle ground. Since
the energ). lost to drag is a function of thc
pattern feriod, tIe titre in a tu-rn rrrst .ot
be incr.ascd by rcducing thc bank angle. l|c
cncrgy Sainc.l fron Nind shear detends o the
nagnitudc of diff.rcnce l)etueen iraxinLrn and

' rir' | '.\, -i.dt r r. rh -. or. 1to'
tnnt not to dccrcase the forner or increase

'IF,CHNICAL SOARING, VOL, V, NO. 2

upon l.x1dinr. aircraft Irve bcerL undertrlen.
'Lh. National Aeronautics drd Stacc ,\Llninis
tration sponsorcd an investigation into suclr
cffccts IRcf. :) . {nalytic studi.s rti lizin!:
a digital corputer siriulation shoL! that i!ind
slrear produc.s a significant deviatio. in the
'o.\".,t ,r'. |.,,1 '! r,,.i ro.-
farcd to the samc aircrafl lardi g undel ex
actrly the same conditions erce!t lor tlie it)
sencc of sh.u [RcL ]). AJditionrtly, th.
Natjonai lrlnstofiation Srfct)' Iroaft ackno -
lcdged Nidd shear as a !riiiary contribLltor to
the crash of an ]bcria airlincr on Dcc.mber
17, 1973 (Ref. 4). Iherefore the existence
ol yelocity gradients has energed in recent
Iears as an irnfoltrnt cnginc.ririe corsidcra-

Trr-9:--.1

APPINDIX I
TYlhs 0f llj]\o SIIFAR

!!'idence suttests tlrat tle.e exist tB'o
ch:1.:ictcristic tvf.s of sjnd s|car. lh. l:irst
is found near the e?rthrs surface and closell
rcscnirles tlie shape of a t)pj.al rriscoLrs llo!
bou darl lryer. ueyond tl,e sel l defined
boundarl layer, ho evcr, is 11 norc srDtle,
gradLrall) ln.reasing ve1ocitv gradie.t. lhis
gradient has beer refer)-ed to .s ut)fer 1evel

lloundarr !a)gl r,sne ar

^ 
grcat dcal of rcsearch has b€,el done

on tlre subjcct of thc errth's boundar) lryer'
shear. lhis is probably due to thc previousll
nrentioned j nportxrc.r of boundary laycr sh.!r
in reccnt engineerirg considcrations r.d its
relative case of ncasurcment duc to its close
troximi ty to the groLnd.

Boundary layer sheal is a )-elatiycly con
becluse of its dependence upon

surfacc friction eflccts rither uran prerril
|. \..t1,!'c. lir'01 .. 1, '81 ,.i ,-
cc|tion to this generalizatio is Lrointed out
b)' Ih. Daventofi in his initial stud), ol: boun-
da4 laler shear. tle found that in sd'crc
tlundcrstorDs or squalls the boundarl layer
breaks doNn. Undcr such violcnt frontal con-
ditions the atnos|hcrc dircctly abovc thc
earth is highly turbulent a|d unstable, the
result bcing that a distinct, gradient stlle
incrcase in velocity jth .rltitude is greatty
reduced (Ret'. sl .

'rl,e boundarl laler may usually be erFec
tcd to be some hat turbulent. Obstructions

Jr r. l,i l ,J . r!6 o: c ic^

Nunerous articlcs have been sritt.n dcal
ing Nith thc mctcorclogical thcnomenon knot{n
a xind shea}. {ind shear is a velocity grn-
dicnt with incrcasing altitu.le, a uind profiLc
hich lust cxist iD order to account for the

di fference between relntively 1!rg. uppcr at
mospherc winds and thc air at the earthrs sur'-
t'acc which is csscntiall) at rest.

Such a Nind differ.ntial has becone an
important design consideratj on ol nro.lem sky-
scrapers. StNctural allosances Dust be rade
for the increaied '!ind loadi g expenenced by
ta11 bLlildi ,rs (Ref. Il. Recentrv stu.lies
conccming thc ct'fects of velocity ,tradients

13
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to !yratlrg tortlcr.s
curr.nts lurthc r add
rlr. bl)u.dr.r l. r. r.

rnd v.rti cal tl,en'rl
to the i.s1al)ilitl of

Itind profilcs dcs cril)cd Iy
Drve.tiortrs toL!c r equrtion trra
nct.rs ovcf vafious tefrai .

3
Trm

3

\irrious |oD{tlrs l,a!c Iccr sultlresled to
.lcscrjbc rhc Nild trofil€' it th.' louDJarI
lxI.r but tIr: i]ost t)ofulI is rhe t)oi'er .qur-

)/.
\'L: I =

trh.re V(:l is Lhc $ind !clocjtv at rltitud.
:,, I is r strcnlith co.Uficier)t l{hich rLGt bc
dcternincd cxfe.inort!11I, and a ir dcfcnd.nt
upon tl,. tcrrain (i.e. sLrlfrcc r.u!hr.ssl .

llascll u!on .xt.nsiv. i!orldi'idc r.scarcli [lr.
Lhve tort offcrs thc fol loling guidcli.os for
assjgning r lrlu. to . (ltef. 5l:

1. qrcn couitr), llet lrnds, g.rssl.nd, large
bodics ol watcr and ttrndra; a=7

:. ir'oodcd countrysidc, rorgh coi::tal l)(:lt,
outskirts of x cirl; r=:,5
5. Ccrtcr of i larlc !:itIj a:.5

th€ !,radicnt is lLuite NeaL, incr.asing onlr
.6r fl/ser in cr'.ry 100 lect. Ihis IacL xl.rre
strglests that detccrio! ard rccurate no.sure
i'cnt of L\it).1 1.vc1 shcar lould d.:Jr!n.l prin
strkj.s care. :jecondII, thc vclocitr !..dicrt
abotc thc, boun.ler)'1a)cr nal rcaronabll bc
retresenteLL by r str!i!ht lin. lror.tiof.

,t..,.
frorn f1!in! tjrnc Ior this rctolt it Nas ncces
s.rv to etefninc !-{actl) r'h!t tytrc of r'eather
conditiorLs Nould pror.. Nost idvaotrgcous for
detectir! and iiexsLrri g thc vclocitv !radjent.
ln l,articuLar, a forc!:ast outlinc l'or Iind
shcar (rs n..dcd Ior tirc !irlinir :u]d i'hrr-lnnd
ar.! (hcrc datr flillits Nere 1o be na.Lc.

I'lr. ri- IloDrcI discusscd the chrl.cteris
tics of lo! levcl trind DaxijrLa in a. articlc
!'.i11 en for i l.\ i.i I iit t - t:.i lt..,' :r):i:r J. lhough
th. thrust oll the Jrticle Nas ail ed at coii
Dcnti r!t on chi.ilcte.i.tics of the bnundxr!
1a)e. f.fticular to thc IlidNcstr tlc author
nrade r'rlual)le co ncnts conccrning !hat night
be ert].ctcd of a vclocitl grrdi.nt on tli.
liastcr. scil)oard. Also, it is .€asona|l{: to
assLlire tlixt NhcIe ard re. r trorouncc.l bom-
daty lrlcr shear cxists, i corrcstonding uttcr
lcvel grrdic t JrrrI rptcar. Ihcrclorc itlr.
Io'''|,'''].I'|:'^'''.1
ing lorL lerrel shear lray also be .ittlied to
frcdicting utt.r lcv.I shcar. ilis stud), r'as
based on dnta tal(en fron forty s.vcn itcrthcr
stations (includlng scvcrat in tlr. rjaryla,rd,
Virginia md l)elau'arc areas) duri g a t\'o
yerr tirre spln at a ratc of t!'o oi)s.rvatlons

ln g.ncr.l, thc rclocitt graLlicnts sere
no.e frequentll observ*l in the NirniDg hours.

rlur!.' l!r! l !!!1r
Analytic rcsc'a.ch coJrc.ming ul)licr Level

rlicJI hrs l.cn Jnuch Lcss .\t.rsive rh.n for
Ioundarr" la:"cr shcar. Lli!h illiludc shclr rc
.. or i .. .. , '. q

r,. L, ..

ta.ce rlu. to its r.lati!e Lealneis and its
distrnce l'.onr thc .arthts surface.

Actr.rl neteolological data codfirns the
cxist.ncc ol: uttci lc!cl sind sl)ear. lriCurc
2 dist,la)'s a velLrcitl sf.rLlient riclr occurrc.l
ovcr Onrxha in .ix.ua,l', 1:r7.1. Thc strcn!,Li, of
the grndicnt ras .0065 Ft/s.c , tlt lRef. 01 .

TNo i)ntortart charact.ristics nar bc notcd
iboLrt tlie no -bourdarr laycr shcar described
in Flgu.e 2. li.st, as m.ntion.l lreviously,



'lhouth in the Ilid cst thcrc r'is a dclinitc
increas. in lo'd level shcrr during tlrt surrner
nnnLhs, no sudr prccis. !cncrrljzntjo could
lro nad.' concenin! thc La5t. r\ctu.1ly, the
!clocitv srildient re.trcd to b. irorc abur{trnt
in thc ln rtolis erca Letilecn the onths ol'
Octol,.r and rlarch. Ir rdlitiorL, such a x.
locity !rndjert $.ls usually fran tlre rorth or
northNcst (Ref. 71 .

,\l indcp.n!l.nt U.S. Irn) Nissile Con arl
repof suttorts l1r. llo ncfrs obs..rr'.t i.nq ri
sl)oNs an incr.rs. in tlre strength ol: the shc.r
in ti,e vici.ity ol AJrnapolisi torLgituJ. durjng
thc lall .ind !int.r rnontlrs lll.f. 8l - |igure
5 is a grufhical disflay of soie of tlrc re
sultr of this rclort.
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Os iccz(a, roland, l95E
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