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rr:l.r r,rrid.l.e: :vex:,, fe,, ieler5 al.rq r
FiL r\rri.li carr b: relatel lo ti_e 5truc

Tr! l,lalural l|viron'rent ieseafc| CoLrn
.il. lra. !r.r'ridic lteildiilt Ur:iv.rr:itt, !!it1
,tr:tlid:r irl]i ch i; !.rn! in5rrur.n..d:or
ne.eor.lc!lca] rescarch lrulpo:!s. Th. air-
crJiL, a SLirL!:lj; T 5lX, i.ra:j !oLLc.r!.i in
0.t.b.r l:16!. Sinc. tl:.rrL, a !Jrr .f .te
siaLredJ tie air.r:rrti! periorran.e te.r
ed (l.L )j arL.l a nLiiber .f lrere.r1.cl!!i
caL l lirhl:i !r.L.je. rlo .i.i.c, .i|.LUr :jtanc--s

s cr r!: J'rleofcl.licaL.\.r.rn t. ir.!.:ii.9ate
rithin our rlr,it.i ran,t:, and irLis l)cLrer.i5 to be relar.i.ro pur:l)i a5 r r.tor!' of
lrofr 1. Dr..J]]iss. riiLloLit pf.r.n.in.r nei
scle.ti fi. r.:iL Lt;.

i:|TuoRll,oGIc-lL irtirs

Ther. are :. rutex ut Jnct.or.Lo!i.dl.
.DroLrlen s i. 'iL. fla.eiar! LoLr.d.1r\ ta!erl

vaiions o. a sjrL.L tf,rr :.i!L. .,rai t,rs L,.rcn
pos:j ibl. to.1a:e. Tre5e ir.l.ird!:



TECHNICAL SOAnINCi, VoL. l, No, 4

ture :rnde!, invcstigaticr! d sLox'-novirii
aiicrdit is the obvious vehiclc. A glider
lds the c|alracteristics of stab]e flight
at :]on specds and ol knoltn per:for:nance
in still air so llrat il.r ol"rjr notio can
be used .l]Jrost directL! as a meesure of
the a:r n:otio.. It is nore responsive io
cldnjes in /*rlical dir roLion r:rali in
horizonLal (R.t. 2), dnd it .amples the
air r.ritli th€ n,inirun of dilturbsncc, The
econorr.ic adva.lages dre 9r€at, Frticufar-
1y in circ.rastdnces 'i,here .l.ift is pres3nt
L.i provide fr.e flying time, .Lnd tinally
re Lrould stfes! [h-r dnornous .ldva]:lages
o.i operating in a tliding environincnt uhere
nL ' rn dra!, ;r,--y.n rhc L.\perlc ce anL
thc actuaf obs.rvaticr:s on experlnenta.I
days ?hich Ls plovided by skiilcC pilots;
uidoubtodty the bcst obscrvers of lhe scale
of f€ature \"r. are inves!i3atinq. Tlrc dis-
advantaqer of trsing a Jlider i. systendtic
investi;aticr5 of an:/ sort arc il3ll, krioQn.
'rle belicve th.t Ulre i.ierl vchicre is ir
Jact a po,{'ered tlicler,.nd llrc specj.Iica
tion of our ioeal i5 included as an appen-
djx. To date 1ie have not :r4naled lo ob
iain or develop this veh.iclc, iut :I:e
chcicc in lhis field is irpro!,ing.

o!L! be sanPled
inclrie static
ai91e, heacir,g,

at lorger intclvais. Th!5c
9ressLfe, airspeed, roll
a:d varlorcter outpr:E.

To study any oI the ?rcbiens iisied
abov.j !,'e nced to l(no(i tl:o verlicaf air
veLccityr telperstu!cj hilj:ridity, treight,
and positior in.jetail 5naf1 cclpdred to
t}le dir.ensicn3 ol thc ststen oe are look
ir:q ai. For a tijcrnal 100-n across or lor
!h€ detai:L oi tler sed ir€cz.r froital slrr-
iace, observdtion e\J.:ty 2 t\ alo.g the
fliqht Datr nalj be desirabIc, but the finii-
L.,. ors oj d.r1d lol!ir"j and hd'dlln'v l.'vF
fed u. to accept i1 nrini,rLrr:r sanPl.iJig inter-
vaL of aloul 0.4 s€c ini!j.a1ly, NlLich cor-
respo|cs to d dlEtance ot 8.! n at our
romaf cr'e,isirtg sFccd of 2l r/;- (Ihis
is about the ailsDced ior rinifl'.ur sirk,
nnd hence:ni.irur variation of sink spe.d
,rilh a_;)rspeed. )

Tc neasure the vertical air velociiv
at this int.r'ral, .',je sl'.lll ne.lsurc lhe
ar.9L3 0f aitacl ,i/i!h d vano nLourtcd on a
sh;rt-nose boon; llle aircrait notion rdith
an acccleror.ter; ilrd the pitci dngl! .iron
a gyro. Ter,peraiure er<i hunidity 'l,iil al-
so be sdrnpled lrequcitly ( though ?e have
!r r.:at t ob..rr5. h ra!-l u-di!\
mla:ur-cment),,r]l:L]e oLih€r variabLes rreed

IXSRIX'IE)iTA L REQUIRL|I:EI{T

ITIN DA?II LOGCR

The syster-r' i3 an ,riaboratio!1 ol t.rea
described b.v one of us (Rrl, 3), The
speclfication oi tlc iulL $ystexr i:r sholn
in Tdble 1. Bt presentJ lhe i'hcl. ddta
l-o. r.r is in oprraLior , LLt o,,L l:nlt l 'lP
1 r'ors al.Ll r.lisdl.Lar^ i.rr 'JrJL,

i portabla t'do-track Eape recorde.f
( ner 44005) is used, and the oltout l!o:r
six sensots logged e.,,ery I.6J3 sec on one
track and the outplrts f!o)r the other eight
sensors (a naxirnlrin fi!|fe), tolerh{rr 'rith
speech! is reco':dcd on thc other. Each
sensor h:rs its olrn irar:;oucer i''hcfeby
chan:es i]l the lErarie---r varj, thc audio

"reqrlency 
of an oscillatop tluougli eith.r

capaci[ativ. or rosistive c]Lange5. The
aurio range obtdinab;e is ttpically an
ociave and in tlic rargc 5 kHz to 13 kHz.
The :relliod cf rccording is to use a set
o! el€ctro.ic :r itch--s all ecniroll-ac Ir:/
o. -rritl:d ( -o'lvc-r, . r:.:..la--r:
5 Hr). LJ"h ser.s.r', ouEpLr i :eco, . -for an accuratefy ;.no_+.n tj.:nc, aro, ir' rl.ay-
bJ, , , :)'e ir 'lLcrc- " ded ,c-d '; cru ' i, I'Lhe os.ll1ations re..r.lei.l in lhi:, ls:o,rrn
Ei-ne. Tr,ro vitaL advan!a!es of tl€ inelhod
ar chat L. - tapers ll"r)Lacl\ .e-:- 1u..
noL r'rcrl l-o l. iiel,tic"rl lrii, rl,: rcr.rL-
irg speec, ani iha'i the counts are alrcady
cligitiz-ed and can be put onto purclred tape
or into a colputer drrectl.y.

Tlie dufation icr Eccor{iirg aJ:y ?a!ticu-
lar outpui i; noct conv.rrien.ly aci,i-.?ed
by repeale.iLt doubl,lng thc period cf 'r:ecrtstalrs osciflation (1/5000 sec). For
the quantiti€s to r:r sdnpled frequentll.,
0.051 scc is 3n approqriate ren5er o; th.
geries, and rhis qives a possiiLe cour,t
rar.ling lrcrr l5B to 763j lrence .L reslLu
tior. of I paft in 40C oI ii fuLl. sco.L-..
fhe quarititier ir the r.:(r()rd gioup, fDr
1rh .h a 9r. ' -r r:.olulr.oi: Li ,r..isd. r,*' a
o:r rr t,e 3-ap a l -Lr | '. . -lucnl I .n: :o. J
longer dllration. ide!uat-A i.f orfl aticr,rjitl
be derived -f thc par:anercrs on Tjr,r(l l
are sanpled every 1.613 sec dild lhoie or
Track 2 alour cnce every 0.4f0 sec. Vcice,
or other lcr fr-.,:ruercy inforr.Latioti" car'- Lecorcl ..irl ., .".6 - 6,.. I r. .



I

TABLE I

TE(it I\IC]A I_ 5()ARI\C, Vot
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llr.: t'ri.]ht ol: t..r irrr.te .yst.r, ir.clLdinir

r)1,;,rr.'.rs i-n!-,r,-LrL.:rLt pdn.:l r i:i rLrL.l:f 20
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i.her. .orr.i.1.r'n:l rl,e limitatr'.or.5 of a
L.'i!'.' gLi.:lerri a...s: to !egi.n5 oI intcI.
.r:t, it :ee"Led Llr.Lt va].rahLe irL:l'or)riltion
ccuL.i b,- oL,taired iro)r r sinpl cr sy5ten
,'hir| .o!:r..1 be in:tdLl:d rn r.:. poierea
.Lrrc1.a1t ,n:ich ,ai dvail_abfe to .ar!,y cut
!.cor,ra:.s jance f LiqLi:r. A.cordin9.l.:', ;r
iolr c|ann-.l v.f51on, lrllordinlr |.rght,
ai!rpeed, Lcxt!.fatur-p, ar d i,ie ti iiu.'-l .1.
pres5ior. Loq:th.r rriLh sp.:1]ch, !\ralj iuilL,
ar.1 lLas 1.r1]. u:e.l dLrMg irritial :rea
bfeez.: o.cr,atiDn5. The tot.r.l !ej_.1h.Lj oi
Llis :,,,!:ter, inclLrdr|!t s.n:ior:i, tape rc-
.ror.lcf, a,r.l br'L'Lieries, rs llnd,-r l0 fq.

ti,lYBA cl1

The procedu! fox errract;r:nil ilLlorra-
tron iron r.li-- r:.crd iri as fo:Lforr:: Iirijt
tre trp. j.! pr.1t.ed throLllL lrrd a tran:-
cripL: oI tle si:lnit:r:cant 5p3.ci r:: jLad!.
Tl! sectlons'.o be fLLlf Jnal.:'zed are r]lio
:!r ar1.i t|c.. axi-i pfa,,,cd b.lcl-. int.r d FDP il

L

lll! rln..::,:t'rr : Iler:i|].. .f.1 ant'
1:.f.i1ri ,rrrtr:t r:.1 f! r:.rirde.l rrr iLrLti 1u"
1,.:r .r: .lr.r.ir'rr:: L-.r tarLlrlLaf L!.1: ur
.rtr!i:1.:r.L-:_ .1r,,'tl tir:: i!' .r :.L.- j,'
irr,:,1. il.r :il rr r . .r rlr,rI'v.r

:. t. .rl.r:-:tir .:!rL\,.rnLrf ihr:. .r'-rt:,rI i:;
'r1.:Lat,i,J !r a 1.!in,l :r)iL "ret.r tr i-l:i:

Di Ll .-::,rlrliLir:i i::,ror:1. tl'at i|.-r
,rill. r. nrr,r I ,tivi tlr. oi:i::v.f u:ir!1..
rni.rrril-r:.r in i l iJl tj L,ul rlr'.), ;hor thal

l-l ti; i: p.rticuIefl.,,' iJ:irorLdrLL 5:c:-rte
t1.. al)5-.r:... oi rr! irf-ut 'Jr i|: L.rp. tilL
di:-o.rL_! i-l: .oJ:Dirirr tr.o:tf.:r: .rr:,1 fa-iie;
:rr-rr.rirn .i tli.- .i-l :rf .lat.r t.aro!r. Pr.-
I lrarl i i l .r.!.: rnclr.Lu r,, :1, ir! L.i.:!- r s,r.-
.j.i o: tcLr..-:L :.roi'r 5ie!r.l 5o . lidt 11,e in-

:

l.l.rcl ,.cr. r.rnins Llr Le .lo1-. on li.:
5.. iiterr, LLt ..!. f,lijnrL.r 5:-f.3iti/i.tr,r cf

.T
sitive to a..rct.rnirron l.r Lei:i thdn L n
.r'rar..r. I].r ! and to L'emper;rtu. L:o ;lLoLrLi
I m p.f .icirc.. CerEignnd. chrrrlrir. I.di-
.rte.l ai!,sD..r.l i: re.1.l to +!.2r ne L ar:d

lenlr.)]atuf.,s shL.,ri .lLar:S:5 of lr.il!tC and
gir: ab:.rLLtc v.1Lu:s to nbolr- +0.3oC.



TECH\ICAL SOARING, Voi. l, No. 'l
.ff-,n':er lrri.l: i: Dr.olrrarqed Lo .oLrnt an.1
:tore lh. r rrL.f o: i:trclis 1rL .:nci rec.rrd-
!:d Ea:nlle.c9--.h-.]] lrith d iarial. unti..r
.olfespordin:' to a :r.ciicn o: th,: tdpc.
ILL L_l:e ccuf.. are pu.ch.t ou. on paper
L.pe and nr. ir,.:l i--d into th. U.ivcrsltris
,rLiin crJnprrer (an E!-L:.r. 4Lll) .o9..11.:r
niLh rlre apprcprrai,- ca1j.bration5. Iri.s
con.r.rts thc counted n.mier Lo pr:ssure

eric.j an.l niLi aLso :rocess .t: r:esults rt
ire sane tinLe Lo .live, ior :xar::re, poten-
iiaL t.:rperatuf. or hLr:[.]il) nixinE raL_ioj
.nd al-so to qivc m.an: orcr various period:.
Fcrr -he iuLlest use oi thc contJt.rr a
!rrplr pLoLi of [he oul-pure i: ca]red for,
but tlris .or,s[1es a di3-ropOrliionate anour:t
ol tjle conpu.cr tirnc end rs !:ed less i:ter.-
exalll than r.rc uou:Ld ]-1h.. 1\ sirnlLe ouLi-
put and grapr is sl:o',.ri in fia. lj ,rhere
ererl 8th point i; flotlei.

clc:eLy ?ith u!. The y--rl L'l7ir has a|)t
6l

spccL rnd n, '.r:t1-d.,'rn..l ir.Ilt ha5 :i

!)perrti!nal t,e.j.rd. i/l: rflin t. fcll.r'.,
the pro!1r.55 ot th. fforL lith U1€ toft-
abLe :y.te in a p.r..Lrea air.rrfL and Crat
a .i.ta:i.leC rlos: rie.ir..rn froir a ra!i.l
dc5.cn!_'rrith lre ql iiLci.

Conv.cLiion ov.r scuthcri hgl-ar.1 nas
!rL5c beer.L poorLy orqaiizedJ LL. a s.JiI,:le
run tnrouq| a i,r.-Ll-.l.fincd tiermal ;5 :rc']:
in Fig. :.

FiitLre 3 s,Lo.r: lot.ntiar lcJ.pcr,atBe
ploiirell ag.1:!r.5 Li lLei!hL ior Lr|i. ful (Ru.
3) .rn.l a -o?er rul (iir 5) oi the sare
1li.llrt.

Tlrlrt... :.cor.l (i.e.J ! t,oint) reans
afc llotte.l and R.,nr 5 tl:o,r5 tr. :r L-rLerrLilLsr'
,drne)r than their 5urroLr,rdinqE b\, irboLt
il,2roc lhll. RuL 3 app..rs io srol, a .ocL
reglon oi Llernal jLs', lelon .lou.l Lr3o.

t"Lost of the sens.rs an.1 tra.;duc.r;
have, of nece5sity, Lro be .l.v.l.leC ir
ll.ruse; by S?ring 197c e ha.l Dre:,sule Ic
ASI, usinq a no:je-mounl€d pilot-sLatic hrle,
togcthcr iL-.h a tsur!'.n .l-..tri. vdfj.rn€t-plJ
" d " " 

-- ) ot
operation. Thesc incfude d fonE-p.riod
(4-s.c exponencial respor.se time) ih€rni:tor
for ref.rcnce, a rrea bulb of siinilar peri

the departurc iron tla lorlLg-period thex
noneter (response ttuc csti:ndted a'.0.,+
- ), ..

ti:rmoineter. Other sensors und:r construc-
.icn, or in the pldrrinq siag.:, inc-tud.

irltch, roLlj and heddi.l tahe off lron an
dif-dri/en gyro. The adciitj.onaf poNcr re-
cuire.l lo.rfive t|is Le:c irer: iray ae l-arge
ior routine gli.l€r op.rations, bua it mai,
l-.e reqarded as alr i.strrJr,cniral developnent
or interest in its o!rr. xighE. Suce Apr
oI ELis yeaf, priorir-y has b..:n slrifteu l-o

la-ring experience in operatlons eid also
to provlcling tl€ porta)le s-vstejn rentionad
a5ove an.l to pr:ogranmnlt tl,e analyses.

ROGRESS T1] DA1E

oPIPJTTONIT i.i;i'rHoDs

It !iouf.1 be preslurpt,rous of us ro pre-
sent detaiLs of opexdtiondL retlLods hich
are unteeted. /ie rad hoped by nor.i to have
sone de.ail.d stu.lie: of sea-breeze fronts
over southern England, folror'Jing th€ ork
of Sinpson (R:f. 4) ilho is col.lalioratinq

Our tirst de:c.nt ir. a.urber
straiqht faii5e: tlroLilh a thlrraL
!.rith ;ivc or :ia circtin._l rtid.prsto trke f]-a.e, l..at it not be .ur
l.reLL,

CI

1_

2.
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Rr.rns 7o 8 I th points

FIGURE I. SAMPI,E COMPUTER OUTPUT. Z APR 1970.
LOW LEVEL RUNS, EVERY EIGIJIIJ POINT PI,OTTED

R.Q.M t. t9 Run l. All poinls

.-...

FIGURE Z. SAMPLE COMPUTER OUTPUT. 28 APR 19?O
RUN 3 THROUGH THERMAL NEAR CLOUD BASE.

EVERY POINT PLOTTED

5
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ROMF l9
Runs 3e5

I FI'IIIDIX
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OutLinc SD.ciIi.ar:io.I Stort 78.4.10

8 Pt. meons

5 Sto rt

Lor cruisin.l sp.cd rriih Eood contro-L ard
lJ'o!'n pcrloind.c.

sdf et_! in turbulent cioLd

Clear nos: fof nounting senrorE

Loli capitdl and rlrinring costs

Adequat€ instrrllent pnrlodd (70 LL)

Rdte of cfir greater than 50| ftlnin

nndufance oi 4 hx

Lolr noise leveL

I

6rrl.
Potentiol lemperoture oC

FIG. 3. POTENTIAL TEMPERATURE VS. HEIGHT.
28 APR 197A. RUN 3 THROUGH THERMAL
NEAR CLOUD BASE, AND RUN 5
IHROIJGH TWO THERMALS LOWER DOWN.
EIGHT PCINT MEANS PLOTTED.


