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The gust and d‘raft data tc.ken by the ’Z‘bundprstorm 23*rc:jeact in Flonﬂda and Ghio storms are analyze\d
and indicaie the fon@wmg The levei of tié Teast turbulence bétween 4,000 and 26,000 ft altitude in &
thunderstosiy is at or figar 4,000 i which is ususally near the basé of the ¢loud, Thﬂ dverage thuder=
gtorm in Ohde contains gn e,atcx' *urbmcnce, in the levels flown by the project, than the average tht&*cdsz‘-.

e TR

storni in Florida, The altitude dispiaceinenis causea by thunderstorm drafts inerease with hey ght at

-~

Yeast to a level 25,000 it above the storm kase: It is no; like;y that a thunderstorm draft will forcé a
modern military or coiimercial axrpla.ne , if propez 1y flown, dangerousiy close to level groum' ﬁowemr.

the down~diaft, even a‘c low lnve s;_rmay e nana:-raas fut’ a hgnt auplane wi zh its low rate of £ r..uzuk_) and
slow-ggeed, . - : N
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, A‘ Weathe* Service T 1 Report 105-39, ? rther Stud-
--Jes -of Thundersturm Fonditions Afjehtiuo Frighs Opera tionss Tur-
bulence,® is published for the information End guidance of all
concerned, - This report is tie result of studies: by Mr, Roscos R.
Braham,. Jr., of the Weatqer Bureaurﬁjf Fo ~~c:e--waavyal\u‘.C"; Tﬁundsrstorm
Project, and Capt, Fred 7. _Pope; U.S.AF., the Air Weather Service
Lisison foice; 16 the Prcgect 1% may ba considered as 8h ex=

tenslon of previous studies, "A Report-on Thunderstorm Conditions

i
\
ﬂ--\-qwne\

Affecting Flight Operations,” prlLshed as U, S—‘ﬁééther Bureau 7 e
Tech 3¢g_ Pa pmr Ho. 7,(Apf114_9u : ]
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_ in *outina Il gnt oper&tinns it is nﬂ* leave noeaible to avoid

' .

thundev torm flyinéfzziiggb;ggl€?; eﬂd is tovard hiéhgé";;;ising Col T

leveis. it 18 8%111 impossible to tep mogt thunderSuorms and rpgardleﬂﬂ

~f cruising altitude, It ia neces 'a in take~ offn and approaches to-

Bulde the aircrart thrOUgh the Tov eltltnges, . - - oo o oo

i
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. ‘Although by flying above 15.,000 feet the pilof can top the Tow = ~ -

'
}

cumulus and surrounding iow c¢louds and see clear areas between the~giant B

- 7@'vective csnters, *t is often difficu]t for nimrto anticipa+e & course -

between thunaerstorms without a sensxng'device such a8 radar. ‘This - -

pgints‘but'uua fact that tnunuerutorms will alvays be 01 major concsvn

;1ke¢y to be encounterea-in

In aﬂdition to the usual_diffiﬁulties of cloud flying, IR

present hazards due to lighﬁ'ing, tu:bul g and hail.r-___i -

Soos

ht records show that turbu*ence Ie the most predondna1t hazard in

i A;;E
:

the airnlane. The studiea reyorted herein are c0ncernea with tur\ulance,

1ncluding an analys;s of the dietributlon of guLte and draf+e in thunder- o

sir rslation Ho other aéuih riumemen_. e = - T
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SRR Gustiness-of the -sirface-winds swi turbilencs ib the layer next te

the grdund ha;vé; been studied for meny year ’.l’n\, vreatment has had to be

1. statis ical 3o pe bacause of the random -cuaracter aﬁd high zrequency

- eddies -or fturbulence e.temen;s ere smell in "‘i:e; a".s?a'l_id‘ "Ju..:.f iame for

" T
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- onlsr a-short tims and*behave somewhis;ﬁ izziepe;den’cly of surs oumiing élements,

$aciy

The gusts imide a tnumierc;.cad are of a similar nature and therefore are

bes treated e’o&tistlcaily T uher than indiv.duallyo- .-

' Sustained updres £ts and downiralts, o8 the other han.r; are '.L&rge

_enough am} ast .Long enough t6 make It dmportent- té’fﬁréa"{;"eééh raft as a

kunit and %0 studv the mttu'e and 1.‘Lfe cyclc indivdual d.!. . as wel:.

as theL effect -on an ai.rplane fly:.ng \thro

u’g’h’ them.

Sotrce of Date

NTNA ey o

' sm'mg ancz summar 41 1’9 A 1n me »

E )
AL fE dech4p 0
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=  data nasd: i!; the study p“ssentcd 'new wers obtained prmaf-? 1;'; from ?»62_%3.

'
gy et

au-planes £17ing 8t 6 eoa, 11, ooo 16—-000 21,000-a8¢ 26,000 Lect-iSL -

through F‘lorida thurlerstorms and at 5,u00 10,000_, .“5 ODO,- 20,0 ﬂtarﬁ

ety

[
R

N

o 25 800 feot ML through Ohio. thurderstorms. Thege qlfbitd.’des-—am-

[T [l
1
i ot
e U s st B o 0
Y

*The 'I‘hunderstorm Project is a research group of the U. So Hdp - =
Force , Us S, Navy, National #dvisory Comnittee for Aeronauvtics. 1 SN Y

cf Dr. Horace R: Byers. The purpose of the Project is to giudy tha -

. neasurenents were mede in thurderstorms during 1946 and 1947. Airpiames, --

ing observations can be found in eariier reports of the Project. (Ref. 12
13, 14 and 15).
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of the tmrbmenc edaies which make up the gus tiness,. .';hg individuel - — - —

-~ the s“ring and sunuer of 194" m e~ vicinity o Wilmington, Ohlo. T’!e .

Weather Burean anl-several other ccuvracting agencies under thes d4 rection S
-structure and: dynanics of the_thunderstorm and for thlg_.purpow-exmnsive -

radar,-surface network stations, and balloon-borne instruments were used
in gathering the data, Details of instrumentetion avd techniques of tak-
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apprcximtely the heign'c above tue 6u‘x:d in Flecide but in Ohio the

ground is abmri; L;@OQ feet abm» seg J.‘.’\?‘Bl. L aﬂl & t.otal m 3363 B

—— e T

pamtrat:lons weres mﬂe tbroug}a stwm of Flvl'id& gmd ():.uoa ,St@m_n- were

.selecte&. fc@ Inves uigation on the besis of their rader _e,anmm__mgﬂw.,_; i -k
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’T=._.§pe rance anl no atienbt &9s ma.de %6 avoid thess that ldakéd' too severe.
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J.he stoa‘m int ensi‘bv. es remhed by th-a Pro‘?e p..\lotsg rangui ﬁcﬁ

.gh'b X0 v*ry severe axzi. ..zwnld constitute a fajr sample af ‘G}'Diu&l

any of "'he eloms flown, a"though on fﬂay 13, 194'7 a funnal from a.n ad=

000 .
!
"
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je...ent cloud was obeerved sth after the miao sn naﬁ boen comple*@d.

R R O T L e L TN I

_ﬁ-.;s 3 arz'i drafts ene'cnmered were. compm;ed *’-zfom- eecrds- obtaiaecg fr@ -
) aauiment imtalj.ed bv \;m% and ﬁw pbnt om;. phs o m% :téi- - "'-i' ;

, _gﬂight insﬁ‘uments, carrela+ed with ‘these data are. repcrta o the r"‘eci- A

, 7 pita,‘tion and tv:rb op_ce intensities as.recorded by uhe fligh\: crew’ ) SR

g \upu:’faﬁ; wouguouu tue uarg.y'stagaa of'a?wlopmsut, 'am &ownward - < ;a_j_ . ﬁ
1 (@omaratt) thm”gh"“t the later 31"3898, nerticular‘iy whers rain deﬁlopso T

A_il

Ir this velccit'y field ;bs *nt,rsected ‘by a. »c mtionahtype ai.p.ume;

'

44
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'cwc» characttristic z‘eaponses gre omaﬁv& Fhi‘té"i}g. the sirplans a‘xas}‘ h;‘:_
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d’spiace»d in alti'tude bewausa of the msan '9.15 ar cie-_ard mt;-t.iéns

and secoxﬂiy, the airplare may be aubjected to 4 -geries of sharp

- ‘s‘rhe fact *ahat gust. velcci’ciea _msasure& wers consiierabiy J;L axesss of
" those ‘expected on the basis of previcus stwdles by the National advisary?
Gommittee £GF aeropaubiss &lso iidicates that ihe sampie obleinsd pra‘aunly

_ iz no% biased by weak storrs. (Hef. 10).

‘?’Eat_ional.&dv;gm*; Gomnittes for laerginautlice .




| gated by engineers of the Gust Loads Section of. g1
" eareisd out the pro.@am

et e u@ﬁ?‘é&?&nﬂﬂ&ﬁ““”"’%ﬁﬁ&w’m

5-4@ o . o .
aecelarations without a sf'stema ST, ch&n.ge in ai ititude, Thess accelers-
‘i;iox‘s-am ‘eauéeﬁ by abrunt o Anges iL veles itjf %uw fira...u and by smaiy

th*cas m' wh:.r’mg Rnagses of aﬂra A1l such discontinuities in the

77 vélooity f_';i,gi!g are ezlled. gusts., &Man?af “the- lavger gusis ave’ thoughttec

~-rep~°esen% a'm'upt changas. in ura.ft spesd, B‘Cw the

~aaa'&"'aesaribw a& sm@* var’ciees. Sueh vm"Hnw
draft bat

vast maj@ity cf ?,ham are

Qnﬁ u—n-—’ T

WSURLLY -embsided i in o
v may be in a:reas whore nc dra,f‘bs are measured * It is thcught

- '“'hhat drefts pu,avide ‘the pridiary drn.ving mechanmm of ta* : ti‘,es, I

in
,*Z:hm connevtion, -'!:w larger gusts are invariably assoviated with sﬁzo:ﬁg
, drafts. ST T

The i:-a%uye -6 th e tme cf atmoe

pnerie r 1tines-= has bsen investi«

‘bt s

who Gevised and

gast measir:'iﬁéﬁﬂs *?cszv t;hs "'hunieara *m‘ﬁ Projeete
Ea.rlier studies by NASA (Refo

11) have sbo%n *ha aithsug@:\ﬁhenaccs}.eﬁa-v

" pilot and weatherman iz familisr with tuoh

—"'ofs-‘;
caﬁssd bv the gus -2 are vsed in tnrs s"“"’p—*-edge':d gL,. _;‘:’::a'mﬂa Lor. cosnpu-‘cing

the af;.ective velocd y? vrg;f;_;th‘e -g\t;xgtge o e

*Gusts ars ae'&. confined to tau@oratm alore. PFor imtame evezry
lence dus o orczraphic =f " ssts,
surfece hoating, ete. The Royai Alreraft Establishment haes Tecently -
repcwted tirbulence outside. cumalius- ¢lovnds in

and 40,000 feet., (R, 6)

comp‘onem_; of th_e a.cttw.
‘hare: “}E‘\d&ﬁ'ﬁ'ﬁ tne notes ace:

ions wier which the sharr

the simodphere ‘betwson 2 b{w -
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. It is c«:mmon pra.ctlce amorg, &eronaut;
i oL

{ faetiva c-'.st velo«*itv 8s a measure of ’che_

) {}**ulons have been

with the gust Treguency denermines the i ~nz

with easured: effeﬁtive gust vemcities a.xl .

has been shown* thet if the larcewt gust in

gusts exceeds about 15 fpe and ay the same time

g“*eater than 8 per:

2,000 feet of traverse
- the turby?

w,z.encs az "heavy” ¥hen the

panaed to the J.enath .of ‘one comr*lav‘e

turbulence was reported for the travaroe as a whole

maximum

effect'!ve gust velocity perr 3.0

g%ts v'ith areas of m.gn gust. J;requeh y icz

by

: “the turbulence wou.d
: - of’ mde wcpenems

I~ e T e

ical emgiricers

tne gust frequenc

whenever the “m2anm

ciauion of high-velocity

<-hown in Figure 1 in 'vhich is.

; RN piéﬁﬁa&—‘ihe éfféct velocity of” the laz-gest gu.,"'*
- ; o - : ;ag.@insrt? the number of Eusts withinp tha+ intervalr
?: . whenever crusts with eff’ective ve ties Breater. tnan e 1ps e.re e
g— D it 1 quite ; pro o.La tnat the fraqunncy will exceed 4 per 3
_ * . the rvsult +hat

2 Teported &5 heavy, -even by pilots

LN

w use ’E};e -

*"‘th of the wrbmlemeg o

eet.uve gug veéaciuy combined

asqty Of—:tﬂe*tul‘bulenc’ N s T T Tt T
R  reported by aircrews. Th* ough ¢ ompw isons of pilc Teports of turbul, ene
intensity

in a group of saveral ccntip"ous

is

——et

“he Project: alreveis reported

reported

«'egzon under consideratim is ei-*

s‘corm s heavy

per 3 OOO-foot interval

It s “thus evident that

,cca feet with

- "‘*Unpublisbeﬁ ﬂzanusc;'igiu af Capt. Fred W, Pope and Miss Mary B,
Thoimas: ,, = -

ncountemd" o
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speed of Beocinm gl.st ™ 3 I

T . Sf iraversez ‘and humber. of dsts _in that dnterval
. T Coﬁakticn coefflcient is 0 61., Bassd od upon. aata from uorma and
_ Ohio operetions, _ L . — :
- ALt ide i)istributlon of Turbulence T f
RN o . . 1
~~ 7 7 “The pilot and operetion personnel are interested in the prgbabiiity o 2

§
Ly
&
'EI
W,
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o8
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o Pl o g ddoal s dedda o e
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of encoun‘oerinb strong pustsﬁ " The need is therefore aprarent for *nt‘ormatian :
;eééia the d:Latance requirod to fl_y in t thurderst&nb to e;c:.oiz_nte;r a gust 7 ) :
—“gr‘n—a’b '@aﬂ-a given value. Such information is contained in the turbulence
) | me;suremems ;ad_e— mby %ﬂeﬂfhu.t‘ﬁersto;{ iject. The number of gusts _e_i}pggx{mred,__,_
- ___- f ' 7“-:;'“on each of the 1363 traver.;es through thundersto*m—z by ?roiect airplama waﬁ .
_ ; ) very large axd to reduce ine labor of evaluating the. recor&s 4t wag neces-
= é 7T Tsary te brrcalf "thé traverses into short intervals “and trest each interval s a
-‘ -_ E unit, For esch 3,000-foot interva-l of each traverse fer storms flown in
: & _ o o .
- %: =7 oy - = _ _
’ L - _
v j_;;‘-“~" . - 2 - . *' - - ~




Floride and each 10-sénond interval of each traverse for storms fioma in

ghic, the meximum positive amd negative srfoctive gust veléeities, and the

: punber of gusts sheountered greater than a value of 2.0 fps were compubed.

- - - —the S1tE6Ws Variation in the meap mesimun gust velosity per unit distance

_'r-‘g'rea‘@_—”izﬁpo;ttgnp'e::;}g;ci;ij i ;;?;ﬁ?trgmégg\z__sj;ie:io

-

Th {H& data taken by the Thundersiorm Project there

e the-adrplane ;sfcéuc’tm*’e";

‘ ~ T - 35 a ddstinct altitude variation #n the disizibution of the ‘higher-veloeity

S gusts. Figuces 2 amd 3 grephically indicate the pumber of miles of flight

i ’ &T4 should be pointed out that the date used for these two tables
E e somezhat different due to the use of aifferent techniques in deter=
S mining the in-¢loud distances fiown for the two seasons. For the Florida
- o date there iz no satisfactory mathod of separating the date neastred -in -

clear air near the thunderstorm from the data within the eloud., Om the
other hand, in the Chio data these are easily separated. Table 1 for s
rable 2 for the Fiorida data includes both in-cioud data aad dsta teken . __

pear the thuiersiorm. A&s & means of obtaining an estimate of the amount

~ of Florida data that was taken in clear air; the visusl cloud was compered
- _w%ith the radar echo for 8ix selected Ohio storms inm which there were il

SEFT T e e [T W

Tt

LD oy
IRRA

_ . - The maximum effective gust velocities for ea.éh 3,000-foot or i0-secord -
.7 - interval of traversé ,;sgar:i{e;; of sign, was used in determining Whe
TR T AtatFibubionof gusts -w;’h;alatittﬁa-” e
- As would be ~ex~pécte& , at all altitudes flown, ths icw gust velosities
oceur more frequently than high gust velocities. This is true regaréless
 of the sltitude although the meen maximin gust velocity per 10 secomds of
T . ~‘§ra§terse is «.near‘fly;ther s;ameiat ;'éjl.alt;tu(:ic;sh —(i‘a&ésl and ':;’2'} 7;‘3’:‘ :“ ?iéiié«?éf,’m e

Ohio da®e is baged upon the data actuaily taken inside the vigible clowde = - -

o ~files of £light within the visual -ciond., The 'axpount.,,-ni‘jx;gveggg.ﬂ,pgsj,de the
- -f -~ = radar echo vas ‘compared with the amount cutside the echo for aixtesm
‘5 .. - selected Florida storms with a total of 2819 miles of Plight date oead,
TR  Fo the Ohio data, it was found that 35 per cemt of the Flight within the
s visusl clowd s beyond the limits of the radar echo. Furtherncre, approxi=
- i mately 20 per cent of the- £1ight distance: within the fﬁgr“'eic;m”wasjgot -
.
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S o -gust of- 2 Frsas compe:fed t"‘_‘éé::”i Biles in (mo.

B “.,.:r Ohic are a result of the oamp;.e, although a-distence of over. 12 006

--in thurdsrsiorkne &b i:he various a-tittxies ‘Décessary te ensounter sz of

Fective g&si velocity @eata'-‘ than o given value. {Tabise 3 and 4},

b
LY

is impertent teo um;ice tnat :in both seesons?! date there is » minimum of

the highor velécity gusis ab ths lowest levels flosn. The-minimum - - -

frequency at the 25,000-foot level in Flm'ida. is less pronounsed in the

) :\g)\ .&" d ¢ B ) ) j_‘-

The mos% evident featurs in comparing ihe gust data for the two
seasons is- the fact that there were mors high-veloc ity gm per mile
of flight in the Gaic storns than in the Florida sterms,. It was nsces» '

sary to £ly 'IBB"Eﬂéé in Floride hr_niwstarm to ensounmber e maskd muin

The mmt r-mmént ’

that oscur above the bulge near 16, 000 feet in

..- Emale

riles of thundersterm £ lipht for the Wﬁ S@asons woald usaally not be

considéred a small sampls, There is, hcmevar, other evidence that indi-

cates that ube mmimum of ttr‘bulen.ce Found ueer the eloud base is sig-

nifinant. ' : R

wi’thin the visual cloud, These comiitions are bcrou,,hu about by the fasct
that the redar echo on the main control redar represents a horizonbal pmo=
Jection of the entire re.dsr sgho, whereas the water content hizh enough

to give detectable redar sigrals is confinsd to the main partion of the
cloud that may be tilted from the wertical by s shear in the wimd field.
(Had an airborne radar giving a horizontal eut. through- the clowd for dits: -
particular £light level been used, it is not conceivable ‘Lhat there would

- have boaon norbiona of tha radar

e VAl Nk (WLT Iaasr UDHU Duwma 'Uﬂe VILSU.&.L C.LO\H.U. In 1210
sixteon Floride storms, it was found that aboud 30 per cent of the fotal
data ‘weré boyond the radar echo, If one assumes that the storms of the

-two localitles are approximstely alils in ‘the hanner in which they appear

‘on the radsr, it follews that most of the date teken in Florida is actual-
1y within ‘bhe visual cloud and es = first aprroximation may bs compared
with the Ohlo data whick are known to be within the visible clovd,
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Table l--Freguensy Aietribitioh o on _of maximin o o]
per 10-Sccond interval of Lraverse st various Eltitiﬂég.
 Fased upén P=617 £lights throagh Gnio thunderstorms; 1947.

9=

Pfective gust Velscoity

S

Baximum effective

- F‘if.ga ﬁ’tituie g-a;

gust velocity- = e en T C
[£3:)) 5,000 10,000 1 15,000 20,000 | 25,000 Totel £
_0=4 736 1053 1219 812 6@ AR g
4= 8 470 -798, 850 527 285 2930 © o
8-12 . 221 Y28 527 -345 200 1777 - E
SR 88 23, 236 . 3 o2 .85 _ . &
B - R ST T I 38 06 E
0-24 7 37 35 24 T4 118 £
5 5 g 5 iz 49 E
0 5 A 2 2 15 §
0 2 2 2- e e S
0 0 2 1 a 3 } i
0 — — .0 i1 0 .0 1 A -
1559 T 2605 2976 I9UG %6 0 10,46 .
T91.8. __.__.;.3‘30_..8“ 1579.5_ . _1178.6 T76.6  5671.2 .
. E
.
r E
. g
Table 2--@egusmsz disw:.mciou of maximum effective gust velocity _ E
L ner 3.000=FCo0ct _intervai of traverse at various sititudes. - £

Pesed upon ?«610 Tlights through Florids thumlerstorms, 1946. : E
Mo, f";ﬁ;"i"? } | Flight Altitude (Pi=nsl). B e £
%‘m ) 6,000 | 11,000 | 16,000 121,000 1 26,000 | Total. §
0= 4 586 937 1099 .- — 98l T 4377 : %
- 4= 8 605 1017 1050 - 840 61k - 4123 5
8-12 372 538 498 412, 266 2088 T
1R_-16 - 131 217 221 15 - il 2,8 S
1620 72 g 104 A" R 7 S—
2024, 14 26. 3. 24, 7 110 - §
24-28 6 8 6 7 3 ) k
28-32 o 2 6 5 3 16 g
"32=36 0 - 1 1 0 3 B
36=40 S 0 Q 1 o 0 1 S
M0sLs o o 0 0 o OISR,
Total Number T-1756 - 2832 3025 2492 1817 11,922 - K
Total Miles Fiowh  978:7 1557.3  16€9.3  L0L1 - 1006.9 66 333 1
- —‘@m 'Of’ m@lm e e - Cm T e T - e - N I
gist velocity . . - | | ok
&bo‘m 4 i‘m 80_9 8e9 “901 808 -'81,6 - 8.9 ;
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.a.able 3~-Mi%es of £licht neceseany in hundemtorm 30 enconntex g
menDE 08 S Ligng
: BUST velocity sreater than Andicated

24. Bazed upon P-B1C
- flighis thrévgh Chio mhuzﬁersnormas 1947,

‘ giﬁg;ﬁxi‘é“"”" - Hiles of Fligh’b
Gy - c

e, 408 1 8.07p T R0 TH6.0 Fos 1200 T T 257

5)0(:‘1. 0996 202-}& _ 69&9 ‘-.393 65.9 158
LO,Q{,EJ = o_o& 1.59 30% 9.9 _ 2706 . . 3.;?;_ .
12,000 . 0.8 . B - - 35 1003 - gane 69
20,000 1.03 193 4e43 - 32,0 33.7 167 -
25,000 1.20 2.16 488 116 - 6.8 52

velocity ‘.r\'ater th : ¥
. flights t.rough Florida thanderstorms, 192;6.

193 LAY 308 Bw-—w-—'—mm gt
TR0 T 545 152 o 37.9 108 =

In favor. &—tgi;_;onckusien ‘are the follom.ngz ‘Q‘ ST T T e S

1o - In-both seasons of fligh‘b fewer large veiocity gugtg peL R SR
.mile were fomﬁ at the 5,000 and- 6 ;000~foot TRT 16% e

2, ‘The absclute meximum gust measwed at the 5,000 exd 6, ,000=Lo0t T T
ML ievals is

much less than the. max.mum et -y other level, - ) L

3. Pilot reports. of ﬁa“fbulence encountered oL each traverse through 7—#;&w
7 :*nn thurderstorms in both seasons of 71 :,vm,, 8how a minimom of b -
_ moderate an@ };gggy_t«ngu}gn;g,,gt. 94000-ard 6;000-Teot MEL™ © -~ . . . Tl
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6,000 feet MS

- Zevelss

Hav,
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are not lmcr.n ¢

Qus

‘“ﬁw&’m‘%

=Ho_weve_r-, it is known that &

toa

I = =
= ’ "__71‘3’- o _ o
Z, At the swrf ice,“_t_gruc'reme most reduce io zeref therefore,
at scms level betieen 5, f;oo Foet and the ww:si there musk
te a distinet decrease in gust velocities. The shape of the
curves on Fig::r s 1 aﬂd 2 for *t‘.he 1eve18 'be,;m ,,000 and

lack of data for these

the Ghio data were ta.mn—,—~— =

{
¥

“for the most pari, 2,000 feet nearer the ground than were
the Florida data and the frequensy of high velocity gusts =3 : ;
) the lowedt flight level in galo is considerably less than the : I :
"7 lowest level in Florida. _ -
- ggj:;biiiéhba sbove levels of Project Flisht 6gg'rétibz;i- i
T Another important probl-sm is that of est:uma.uiag tne intensity of .
tarbulence in tnunderstorms above the 1evals flew: ‘w the 'P’ﬁumgrﬂt:;mﬁ T ‘ )

?roject "frplanss .

sats ba.ve been made on

thp use of & range-helgnt«imiicatiag MR..:?, _méé.ﬁs;

B:y’ %_1;;31:

tha rate of grcm._

‘ii.’h"'éh have been ons rv*ad $0 exte

x:i

show a;h t_.n. niean rate of guwm up to an altii;y:d»e_ a‘bo& 10 000 feet mu _ -
Low t_og of the Individual storm ;n;;;éées with dl‘biﬁz;d;:——;l;; ;;t:;f’- . __“_'__;_ R
i —_: ) _grcwth of thesa clmzi_ ‘tops is also a meastre of _tiar‘xi'*a.f*' velocitiss, T 15 T
? ) shown thast there is a rel.ation.,hip bgtg;een the 7gulxi'§'. anﬂ draf't veloc.;tiea - e
_§ (;'ig. &Y. ' T ei‘c;;,- becauas;of the lack of other more concl"s..:\?e daie,_ — ' . .

:? one might sssume that ic_ng_ mean gug"s velocities incresse with helght in |

© the thunderstor cell, at. least. durdig the buildingms:a_.b, . up to & level o

- about 3’,0_,900 feet. below the _n_mé:;ximum height reaqhed by 'the__,a-_’c_,orm r.c'a-n_. ) _ _ |
. . . - T T ‘;h w";:

- - ¢

LA T ex -
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Drafte gwithin the Cloud— B — i
A draft is defined a& a vert;cally-moving curreny or strqam air in

tho athosvhere, aithough mipor drafts are found Anznsny weather eonditions,.

it is in the thunderstorm that drafis ra“eh**~ a Deed afeat enouph to :ﬂase
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Fig. 4°-Relatlonsh p betwnen &raft velecity and veLociuy of m.ximu_ :
--gust»within the draft:- Curve represents the regre ssion -

function of mean maximum gust veloeity on draft veloeity,

Correlafiou uoe;;;cient is 0.42¢ Based upon Ohio data.

'majo“ altituue displacemenus %o alrplanes are most commonly fuund 'The

P s ]  apsane A
H
\
I
1

drafts are directed upmard during the early part of the storm, but as ths

-

storm grows alder, downarafns aevelop Both the updrafts and downurafte

L
'
ot e .
.
}

{n
¢
o

i
1=
{4
g
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hti,"czs-th*enoh all the alfitudes flewn by pregent

3
5

aiwplaneq. Ind }idual drafts w*ll Jast as 1ong as 15 10 30 minutes, a7m

tnough ﬂurlnc %his time the speed w111 probablv vary considerabiyo In

P4 B o et 0wt a1 ot

gensral, the speed of the dreft is greater than the speed of the gusts.
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- : - Unler conditions of constant power, an airplams in level £iight

atiitude will experience a change in altitude upon encountering s drafbe— — -

The amount of the altitude change, in s inown tine interval, can be used

?.'

N -'te"%S%imate“%he“apeed‘”nf"tb;eféfgfﬁr C’Eﬁnusiy, if the a‘i‘r}")laﬁe‘is elimbe

i

ing or c’iiving relative to the draft, tne altitme change will mot truly — " -

Coat

o present the draf,' .. A:s_r speeé, hcsve Ty can e used -in detecting cases

-7

it

T T S LI YU L ———

of acse-up o nose-~down attitude s thereby making it possible %6 uetermine

-- - which altitude changes are due to dvafts aione and w’nch are dus to com-

L - 'binations of attimme and draft or a*titude alone,
It must he salized, however, that this problem of gorting out =
T ~altitude changes duq to drafis is g difficult ome. The ?rojec% ~p:!.-..-<>ts— S

were qucted to fly usmg & minimum of control ar;d a tant_,throt 1e T

. — - e DI -

e t_.g in order %o malks easier the evalwa ton qif_@ur‘mjlegge data

B i e

4; : .
I P ¥ ES P ,
(i35 ) 05 (G 1% o 310 Lates bl ISR B 83

seconds. e

ST 'i'ixé;faaé':m-aziff’d nintentionsl piteh waflecm.ons, nhew=~w=e times whon - —
§: i 'the-'p Yot in'tem:z.onaliy changed the attitzxie of thn airpiam ’ '*he“e T

wers a few instances when power wttinge were changed. Qensrally spe e.ka';@,

§ i - - osuch positive contwol ash on was. an attenpt on the part of the pilet-to
gi _» g"leviaue t e ef‘fects of a dr-af'b‘. iny change in attitude wonlid ceuse s elimbe

ing or diving and could either ine sasc or decreass the total altitude change.,r
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5
wf . Even though ‘coliparison -of the air gpeed and altituds traces aliaws one to : -
; R ,
] é - determine such instancesh it is diffieuit and gt times impossible to. - T
;. ; § - estimate the- ‘magnitude-of -such -an effecty If the data wete restileted 1o . .
. w: 4 only c.hcse _cases dlﬂ’iﬂg which the air gpeed remained constant, it iz -
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doubbful if the fipal ‘sauple-would inclids more than I0 per cen"c of ail

o e Arefts encounbered,. Ti-is -necessary, therefore, to adopt the proeedm.'e T e R

o mrnens s O

“of computing as drafts ell altitude changes where the sz.r sneed remsim
quasi.

-—constant and all those where the air sneed change< in such & maaner

T ~as~'to © "cause “the draft 6 appear weak:er than it setuslly is. ;#@E:a;—e;;ﬁble, L “5
o one wouli-acespt as drafis altitude ixicré&s‘es'accompanied by air s:med — S 4%
inf;r:eé.ée ‘and vics verge.; This procedure doss rof e.ffee'b the usefulness R '*é

"of the data 1in fitting uogethe; the structurs of the storm when dratt |

oman b i

sagnitudes are less important than a kuowledge of their existencs,

(R& + 3}, bub 1t rust be considered when applying the data te the problems
'0.*'. S

'.;:’i_:g thumiers:aarmg R

|
.
e —

1

vt T I

anc_\ é)r. Subsequen"b -enelysis of the ﬂtracture-«of thé thudersterm ind.:.cates T *

S— that um_s n"ooably represents .z.ess ‘Bnan 70 «per cen’b of all ﬂraf%s- 4n ‘exeess - 7:

il

SERIGI O

- X
c e Mmoo

LT T T eeeRbeaa eReess - ok g
: of 13 fps encounte“ed by 'ﬁhe airplanes' o o o o V‘_;g

T - e B .
e - ""“°m Tables 5 and 6 one concludes _31_1@_3_ e %:é
_T_;_;ﬁ;i T LMJ’I‘ha,_max.,mum values of updrafts and dcwrz}"afts Were. measured T ‘*E
e R — .

. 2e ;..gg noral, the msan apii‘-ai‘% velue w _@;@eat:éx‘ than the meanm . s

P

i - @t the middle snd apper levels for both years, =~ 7 g
. _ F

du-mdraft value gt every 1e"e_al

., 3< The méan updraft and domrdraft valuss incressed with height , o

- through the altitude é.ngé lgvestigated, A -
C The *a-l:tit'&de displar sment experienced- by a S s . - f.n-g

& experzenced by an airpians -encountering a - . -

f
| i
B e O SRR

— . _--wdra.t depx=!_v.is~-upon “thedrart widt"é.zﬁ’ peed ami “the speed .of uhe air- R
= ; - - ) :“-i
¢ Piape.¥ Generally speaking “w drefic sacountered by Projeet aiz_-planes : E
-} ‘ i g
¥ o
!

#issuming the adrplane is not climbip diving,

'
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Table 50"'.;31;'9;11&1 nunber of dre.fis mea.,mﬂeei at vericus altdtud
durim Thio opuaticnol 19’

A T L T AR R

 Draft | _____ UpnnART ’ _DOENDRAFT
Flight Altituds g Fligh‘ Altitude
. Value (thousands of feat) (thoussmis of feet)
' {fps} | 5 420 {15 j2 |25 E 5 1. 10 {15 j20 }25
Ou gigm 2 < 9 <G R e RF 9 e e
10499 ¢ 45 0 @ 13 5 15 20 u 8
20-29.9 1 2 ?5 N 16 1 16 i . 5
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would indivate sment that an alrplane is likely
P oo e e S - o
to experience {pereases with héight. For an airplane flying 180 mph, the

- < .. displacement is_not 1ikei,y to exesed 2,000 feet although 3 in exceptlomlly

©  severe storms SLwh as thope flown by the PTCQJ@» on August 22, 1946 ard

T hugest 5, 1947 upward d3splacenénts as great as 5, 000" Fect may voours Dis-

placements of this magnitude were rare (only 2 per cent of all the updrafts

- 'f““ji5'-'encbuntercﬂ cauged dlsnlacements greater than 3,000 fost), e maximum :

v~

downwaYd-

Cant *in“e every - fliynt, regardless of CTulSiné altitude, must pass tnrough

000 feet in take-off and 1anding, it is

'+herﬂegion fFom the surface %o 5,
. ”“imhcrtanu +o - know soma:hlug ef yﬁ;:égéfr4ﬁuti?“ **,dewndraftéhﬁéigw the o
j» . he pcse*b;“ uy that an a_rplane fly-- - \;74;
ﬁ ;ng at these levels may be _orced‘lndo the gféﬁnd vy & thunderstorm domne ]
. druft. Un;ortunamcly, *he informatlon for +his region is very 1iﬁ1§§é:rijdéf R
~ The number of drafts~computed by th° ”rojéﬂt for the 5 Odé:fgat 1eve1 wes
—fsmalx, bOuﬁ begause of the &ecraased frequency of strong drafts-at-this - -
,é< - 1eve1 :and. becQuse the nllots t1v1ng w+ th.s level hes;qataﬁ %o g?’ow their -
; 7 airnlanas to be displaced & dlstance, particu¢a,1y bv dowrdraits.® SRR
j  The data avawlable for studying @ a1t> below the base of the cloud consist - - L
'%f 'f;@bf*the*fOL;ouing:' - S L ;n, ' - - _; ;
§ - i; Two flights during which the 5 OOO“fOG+—D*aue wag carried ’ -
N .ﬁbrpughfﬁhé;bése - "6f “ths ELoud by the ccwndraftA~~~—- Ot
? — o C L S -
Sk - ," . ) } -~
R © #This should net be internre ad to mean that the. 5; OOG-faot gust
"é J“ _ data are also of reduced valus, Gust _computations do not depend upon a
20 knowledge of draft values and are not affected-by normal control movements.
I - N -
g B ]
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<1 , PP
" : 2. -Ofic {'light {7-8ugust I947)- on which a plane probed the : ”

BRI B RO Rl e -

< T 'downdré.-f-t and rain ares urder & thurderstorm. On this - - - -

flight, traverses werée rade st dltitudes ran,aing firom :

T 1,000 to 4,000 feet above the ground. S Tt
d i3 Humeels of cases of purfeco raiafall s the assosistel T I
E' _ = - divergenée which signii‘j the existence and location of the
i _ dovndrafi. . o L
Ei-- F T * | Fligh“b 19, 7 A""zm"c 1'94"}_ was tmder wha*‘ appear;‘ to’ beu svz-ave"a;o-e“ ) P
1 - 5 ¢ Thi -5.1':9.(:0 rie_%c;zil.:—fge -i'ange heigt : N _m ;

¢
§
1
i
)
"

TR~
I
I
-

x rauar qnoweu uops

[ feet, the storm flown reached a meximum hetght of 33,000 feet st Tidh,

o _F’igures 5 ‘and 6 show the redar ou li:'xe of‘ the clowd, tne plax\e p..th el , :
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ra:m“ail is always sssociated with sur “ace; divergsns

ﬁ:‘face networl’ were ove::'

that significant thunder-»

rzll downirefis rﬁeasureé at 5, OOO fent cver the

re._...fall, orie :nay conclude

Tece
S.tom d.ivm".-.&,@f‘t- below 3

dhe cloud buse axe. asscoiabe d -ei'hh Tain.re hin;z.;.

“:;ne am"?aca. 7

“Phepe dats i.“i ate that high rates of rain

"'"éﬁte"&‘ i with high rates of surface divergense and therefore with z:{i'gh

nfall a:c_e__ asso-

dowpdraft epeemo )

On F1 ight J9. 7 Avgust 1947, & downdveft of a pprcximatelv 13 25

~was mea,su}:ed on o uaversss l'E"S tham l 500 eet a‘wor“e the ground ‘.‘:ﬂﬁt«é
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| 5"mimrtesér§ reached 1 0.3 inches per 5 _mimtes as & po

int -maximum... !l!he- o

aecomnamymg divergem:e in tne ra:m ea gveragsd about 5 -t and reached

point maxi.,umc' C‘* ﬁid spectlste that in thu.nderstorm
i S
& repet:.tion cf tnese vss would 1ikewise. b assoe.aated vith
= B =S '““'/‘_/"”-" : - g
'c'.-:z:;raft in % the levels bgtwee{_n/jche cimﬁ and ths gr.ound-, _

"'“minsd ﬁ-sm- 'che “BUEY aee network eccar'ds

"’lix 003 ehea per 5 minutes wore ?eacheﬂ e é‘ceédé-_} i__ 20 out of 5L

* Flerida sborns amd 1a 10 out of 40 Ghio sborms aveilable for this study.
) L *hose starms fvnere rain of this inténsity wa3 measw'sd, 1t oceurred
20 psr cent of all the time that ma.szz-a.-‘}.,' rein wos osowrring. Point

&ivergense of 10 it yas exeseded in 13 of 1% sturme for Florida and

o fm' whi:ch"d'imfé?eﬁw‘é‘omp&tgtj_;@ﬁa Wers made. Areas of :Sijrggxg

vorgence are a..ways assocxia'bed with areas

_4s the daamirai“b ap;moacnes the g'ound it begina to spread_outh. ag-
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e ~sgp_arafbe'&- by less then three miles (Refs 3).

e R Y T o VB S 8 e e

-*’3:& air % swlane, The depth of J%,his isyek detérmines to a Ia'bga
ez‘bezrh, the pess ibili‘t:: that an airplane ean be foreed daxgerously a-lo‘s';a' - e

- (‘Ia‘ble ’7), ani the sive of _the 8"’*|1.c‘°ctn'al cells., it is ot libely_ﬁmt a.

: 1883' tnan -tv‘zo miles in

v — .

_'bo the g'ounv‘

i._g ‘ae.lloona ralease-:i a'fn:w'* h g’_{;@ s, .Byazs_h.ara;ﬁmﬁ_ o
’Rea. AR fozmd the tc'* of th'is la,yc., to av'ev'age 500 fset and to vary
'from 1,000 %o 59

Lee abavve the uerrain in seven cases ccmput«ad 5

From cgrns_:;g@at’;’iatg‘ﬁ the sizfase. pwessuxe. increase resuld .s‘g foom .

& given deplli of cold outflow air comparsd with observed rressure changes
‘unde¥ the tlmmersirmm ou‘bflow, cre is led te believe tha® in most casés
the lowest 2,009-£sa"'.;o |
;_m.s leads %8 to believe that although the gpreading of the dcﬁﬁra.f’“

tne sm-ear'ing ceid gir iz regtriched tﬂ

T -CH

in en average_ %huaits s{'erm may start as high as 5,0 Of

f’eet ebove the ter~

—
- ——mmn '\"—-——\- g =5 =
B S T e

“the dcwmraft cov‘tmnes predominafely Jowrward.until it v'eécnas am

e
SRRt L.
D e e

as the draft spreads out T e

G Foet and HhE

me qnestion ROW COmes up regardimg-_:"

EI‘O’"

couaterin_ one of th these 5 *ai’r,sa ~ censiderations bn.sed upot: +he size

«fcv% 1eve1 ) -

cxf swwface rain paiterns, .-.ength af mmwsd drafts at the 5 5000

———— I

acﬁmran wouid extend

mare tb.e.zz three miles end most. dcwndz‘aﬁ;s would be -

) _ , i s

diamster. In a draft three miles in diameter ‘with__a, ] ;

spoed of 20 £ps (almost twice that measured on Flight i9) an airplane rlm

et 180 mph woula ta dianlased dmm sbout 1,200 fret providing no corwechive

action is taken by the pilot, in the 60 seconds 1t takss to traverse the draft. .

More than op2 dralt may be encountered bensatk = storm, although studies of

storm structure indicats that i% is not likely that two downdrefts would bo.-

#iwo of bhese gases were computed after t‘hv cctigiml report hed bsen
ccompleted, !c-rk a...ong these 1linem is continuing.
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°‘= o dabia ",'7';;. mncg distritution of domndraft extent ss cbgp_u‘l’éc‘L o .
=% - MACA, Data taken by P-61C aircraft Fisiig 2% 5,000
* ) and 3 6,000 feei MSL dux-ing toth seasona nt‘ operations,
: — DREFT EXTERT . :
(”housands of feae‘b) e .z
_ _.._.Nn._?.,,.\?,..z” . ;? 5‘: § gg ;
ot 3 i A Eee ;tx =ap-1 ‘_8._.3",._'__.._____;_..._”.__ - j -
SRR ‘Humbar---—--—----f"—-‘ T i 2o
ofcasess 0 5 & 4 3 7 4 2 1 1 ¢ -
' - - b
~ “Based “Ufoh these da ta, It would not be °xoec‘l‘ed zhat -8 modern T -t
. militery or commercial airplane flyl k,ooo feet above the terrain would ;
be carried into the graund,@* The lack of‘ da*ba -prevents one from dramng o
more définite ccnclusions regarding the ‘zone belcw 2, 000 feet alths gh we — 1-';- : ;
do ‘know 'chac. -a p"él ’? as: &i i ed- i‘rom 950 f e_’r, owj ‘o 52Q' feéf*ti:ifﬁ g.:”"' - ”
thurderstorn downdraft, - - -

On anothér oceas sion & -pilot flylng e_t tﬁé's u00~“oot xSL Weve‘

-~

(Fy e.j'

dlving a"ctl ude_.of 'uhe axlrplla.rxee N

'dore Ampartant t;han ‘the total Tl tfcud'e”‘los% in 2 downdraft is. 1

POSS "i“bv that an air
&S uffie 'ie—n'b:f{:y:lffgf}??a

,-6‘ 4-|-:A s Junany Tans.

e .
§4 %7t 15 wo 11 to point out the Possibility that a D:L.L’_"E mmmnting tc p
= . frevent his plane from being corried downward may place the plane in suf~ A
i ng

b o - ficlently nose~high attitude that a gust may cause the planme to stall with s
] issufficient gltitude for stall -TeCOvery., - The-consequences -of -flying-a - R
v Tight airpline or ligbter=uhan°ai: craft into the areaz of heavy thusdér- ' T

B storm rain with its. ‘attendant downdraf* is obvicus. . o B
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It was pqi-nted out:

hewever, that a report of rain from an airplene doss nob maee,s,sarii-.y":mean i

water ”alling to the ground, for it may be suspernded in, or "‘eniing with,

the . umr&x‘usa : u~n&s~-:5.3~-ar;'imporﬁbant Taet f.'rom the s’cand:oou:-“ of tae poss‘- :
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' Howewer, in pressnting matsv-:f:al that ray be of use o pllete flying at ap
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e 1i92Y he- cloud -base-thers is-an objsstion to usin ’éb‘&:ﬁé at higher levels

Whers one n..m:'-‘* tell whether the water encouzrtered is &d-ualg “falling

rain, To eorrect thie shertecming the study reported in Weather Bureau

“echnical Faper No. 7 was repeated (Table 2) usine Ghi:

between simultaneous occtm*ences of various
intensities of récinitation and turbulepse 1 for- 5.000-foot
- . a,lt aliitude, Based upan 19.4,7 date “rom dzic,«munderstorm.
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«1igh:t m‘ecipi‘éc.tion, as.mm,h

S0 J4 0 bl it .
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These fac‘-ts support the -enthusia s‘m which m:ny recent. papsrs havs
ex—preéé’e\d‘- in o .fie‘:!‘L..g the ©ss of radéx in avo:.ding areas £ w"b‘s;l.em s in ' r o
sonvechive clowds, Atiss (Refs 4, and z,.ang ilks, ”xi.z‘zfz éﬁd-?&-ﬁ@r {Ref, 7) - )
have lsid the foumauic“ for & quantltat‘ve :-ainf all intensitv indication o
_"m the rader. Press and .’_i'xc?lev (Rpfz, 8) usi'w turbuience data. taken

——on the*"fhzmde stor.:P'-‘-‘c“ ecty-have 2 reported. that. 'bhe gust velocit;es im:.de

the radar -echo are con,;‘_derab‘tv higher tha.n in tihs area mere than two miiss

iueyom tne echo, Altho agh many nrganizauions such. as. A:!.r Weather Se*‘vice 7 . i
eid & _Ir'W;b_her Flymng Pivision of U. S. 4ir Fores, and various a.:L lines = . {I

ére '.:.nvest.:.gat:.ﬁg the -use ¢f radar as san aid ‘is‘_&_ymééti“ the pmm em -of ) )
- turbglwp‘&"?, some of i?he' 'mGS"'S'eP-«ﬁt‘l*&{;ing of reocent reporis a_-re;t,]:_gese of " ) SRR
Americ Afrlines (Refe X). . U L e oo T e

azalysis of the gusc md draft data taken by the Thu. dcrstcrm

relationship between
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