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Chapter 1
INTRODUCTION

-In'many experimentzl studied, the messurement of ol
‘speed and dirsotion is often nascescary, Psrilbulﬂ’i“ in sube
gonic wind tunnel studies of gir flow thiough model cities
near model airoraft, end over model terraln features aze sush
meésurements of extreme significence, TFor soms €ases messuZG-
ments made by photographing smoks in the aliz siveanm o fivg

threads tied to Bleﬁdef gupports at czitlcal iosaﬁiona Bay

yield the desired information, However, in a majorlty of cosc

weagurczentsmde at a poinu with greater accurasy than Oy zhoio

graphio methods are desizable,

Several instruments which use the preceure &iflsraeutial

principle have oeen developed foz “ﬂllag weasursments of boik

alr specd and direotion, Among theze are the pitot sphers Jox

3=dimension flow, the pliot cylinder fox 3=dimcasional flguw 2nd

the 2 or 4-probe pitot claw for elther 2 or F-divenzional flow

Taespestively., The woxk desoribed in this report was
.purpose of finding an improved design fyom the standpolint of

having grester seusitivity to direction,

s .

The projoct was divided into two phases in the initlal

plenning, The first phease 0033153cd of a systematio investige

tion %o determing a new desizn whieh would yisld both eiz

gpeed and dirsction from mcasureasnts of opeecsure €if

o EB uad & Mo Adebnndd an by s
find a Lésﬁgﬂ haviag greater ssnsitivily to divegcsion ¢azngze

-



. than conventional designe, The second phasce was to begin ofter
a satisfactory design had been achieved and was to have insiuded
ministurization of the design and development of a syzien o
turn the device while in operation and 1nhi ate the dizesiica
with Pespeot to a reference frame,

Only work pertaining to the first phase of the proposed

projest is presented in this report, Detalls of the desizaz -
tested, desoription of the test arrangement and auxialiazy

+

instru 1ants, resulis of the tests end an evalusiion of $ho ro-

x

= Y :'1':—1
s 3

sults as they periain to an air speed and dizection msaguiin

L1

instruzmaat are inoluded herein,



Chepter II
REVIEW OF EXTSTING DESIGHS

The objeot of Mchapte&gﬁ to review briefly coue

of the basic instruments used for the deberuination ol iz ernusd

and direstion. Pariioulazr emphasls is placed on the svaluation
of the sensitivity s for the various inmstruments, Yor thils
report, the sensitivity & has been adopted for purgposss ol

comparison of the response of the varicus desizes when sube

o
s}
[#]
1-"
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f2s
-
[
v
)
5
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3
i
o
3

jected to yaw., The number of instrument
in thuschapter ig rather 1limit because data necessary o2 wne

evaluation of & are not readily availsble,

This ins%fument is basic ally an open—znt oylindes,

Vhea the exis of the sta wation tube ooinglidss with the darase

tion of the moving ¢ 4 in
upwlng, the pressurs 3. end I8
tezmed the total p 7 {£:38),
tha valus of PT ngle=nf-
yaw is inoreased, the p?esau“e g8 measured by the chasnueion
tube deocreases. At an angle~of-yaw of approxinately 63°, ihs
valus of Pg besomes egqual to the ¢ statio pressure Py and
beyond this an“;eﬁ the total preesure is luss Wnan Py, DD
- £ ca

- pr— - P = = s I B e ] d 1‘ 4 ez Wy '
s‘.ﬁuu H.J“Gfu.s. E;_,n e u'.;..l'l:e 0l PT F.a ﬁ-?.g_-..}.h_.‘-, S EBifiy AR Y

1 ol T3 tenntor of
g vather well defined, The bhiegsior ©
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two p&essure revercal points definss the direc?ion of flow,
‘The authors believe that this device may be uzsesd to messurs.
wind dizeotion in the outlined mamnzr within several degrecs
without any great difficuliy. OCnée advantege of the stagnaticn
tube etems from the polint by point measuremcnis wish gon b2
made with it since only a very restricted zong of flow iz ine
volved, The mochanical arrangement for rotating the siagne=
tien tube may present some difficuldy whon wind lixﬁﬁﬁieﬁﬁ-;u
a point aze soughﬁ,‘ The stagnation tube has the disaivanings
that the readings are not suffisient within shomaclves %o iu-
dicate speed, The sensitivity as defined in this venoxt hos 2

value of 0,034 pewr degres

Prand$l Pitot Tuba

@
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The I randal pitot ub
stagaation tube in that the veloelt;
maasurements mede with 1%, Tﬁe veloocity as indigatsd By “hls
device can be determined within an aséuradsy of 1
.The Prandtl pitot tube can be used in s fashion 2lmilel pie

‘that for the stagnation tube to detencinsg 3he wind dirzotion

encountered with the staznat

texninstions will glso b

Tho sencitivity of %his

determinad from data condzined in



Precsure CGlay

-This inetrument is made uwp of five péeseura tubss,
One tube 1z used to mead ure a pressure vhich is a fusction of
both ¢he Btatlc pressuze and %he velocity., The rowmalining foup
tubes are placed oo that the axes of the tubes are inclined
toward the axls of the instzument at Buch‘an angle that the
change in pressure per 1nérement of change iz pitoa o2 yaulia.
the greatest. tese stagnation tubes ave spaged equally -absus
the axis of the instrument, Wind direstions cen be determined
through a rovemsnt of the instrument wntil cppoiing stagnation

ca entics essuree, Accordinz o datz oon=
tubea indicate identie 1 pressures Acgordin o data'g

-l
tained Iin Ref, 1:378, the sensltivity of the pressure oit

0,041 per degwes,

Pitot Cvlirndoz

e

_#he'pitot oylinder is sn instzument which oan ba uesd
to meaéure both the dircotion end gpeed of a moving fiuvid in
2=dimensgional fliow, Two pitot coylindezrs at zight anglcs %0
eaoh other can be used for speced ond dizection messurcrcned
in 3-dimengional flow, The iastzumcnt is mads
rical tube having two pressure taps aboub 2p® apaet in & plane
normal to the tube axis, The prinociple utilized for dizee-
tion indication is tho same s that for e praosure glaw
The ssngitivity of this inatzument 13 high é::g;ﬁeu with ihoge
previously mentlonasd,  The data ccutained in Rels,
9:8 indicats that the sensitivity of the pltol aylindex

0.11 per degwres,



Chapiexr III
PHYSICAL BASIS FOR DESIGH AND EXPERINENTAL PRCGRAM

In the f¢llowing parageas bs an effoz? is =made o 4o3-
cribe how boundary layer development aleag the longlitudinal
axlis of s wmodified Prazﬁﬁl tube may be utilized io allcy dee
termination of alr stream diréction., TWhether ﬁhé anticipated
deslgns will be of preotiocal value can only be detozmincd after
experimental studies yield the magnitude of the e¢ffeots 30 be
dezoribed, |

Flow near the end of a seﬁa ration tube of & partic%

ular design is also considerad.

Boundaxy Lay

="

- -

of a circular tube of dismeter d, about 134 in lengdh and

having a stagnatica %ap 0,34 in dlameber ooaxial with ke ey~

s, .

linger. The end of the tube ccntﬁi*ing tho s3ta
mad§ hemisphericel in fora and 1H° opposlis ead ig perpandicus
1arly councoted o é st which sezves a2 supnoRy 207 the fubs
and glso as a me;zr o transmit ¢he stagmeiion and siatic

L

-
a1l alet o

pressures to & mencueter, Either a oircumfercn

-]

group of four to sixz radlally drilled pressure tups Squelly

S - - -
spesed arcund the cirocumference of the tubs at o segtion cf
A A aad . I 9 o . - -
diesanss 34 from the lheuiaspherical noss is used O 2 P
- - P T pe " R, - o T p 'y ]
the etatic prassuze,. iinapily the tube gimloyed e {dG=

termine £iuvid spoal by weasuring the diffsyencs boiween 183

gtatic and stagnatlon prossures,



T et

e

o
2. From the point of tengency of the k Las*ze;;cﬁm
nose with the nain tube, continued growth cf the loyez =iid -

be es that for 2 flat plate,

i...l.

&)

Under these egsumpiicns and using Fig, 10;5 in {8:158)
Eq, 7.38 in (8:104), an expressicn for © booscmes

& =1.84?.’% 4-5?.% : (1)
where X is measured pazallel to the tube ozle fzem the
point of tengenoy., If a valuc o? x iz taken %o bo 24, the

expression for O beocomss

5;=3.94 [1’%- 5 PR m)

Using 1/4 in, for 4 (1/4 in. 48 used for & in $his czuozl-

('l

- L 4
mental study), & = 0,008 in, Zor U= 10 £%/sco end B =
0.002 in., for U = 100 ft/see, In the event tranzijion ¢f ths

boundazy Juy r from laminax to tuzrbulent {low ghould cocuy 2%

%he forcﬂaihv caloulations,

o ~EREAgE e o PUDPSR . WPWOLR | R
Upon introducing = small sagle=0i-yow, the Jlow Li8id
.
- o e Eeadva wrt ¥l W L e SR ey et T T
near ths forwazd pertion of the Tube Willi NO LONZSE 23 gnisd:il

sysmekrical, Inatcad, the flow fieid will then only ve 8yne
metrioal with Tespoet 0 a horiszontal plane pasalng through

the tubo axis, Along the intersscilon of this plang wiin Tas

- - A A% L T, JEESCS S
upstzean tubs suzrfece, one would expest Yhc LOURIATY LaFsSE e
- T - S A A Sy T s
decrezse in thicknecs, While on the ODpOBLIE Qils, 1
. % o~ sl A ememrme R o N e ]
laysr should booome furbnlent and In0Eeaszd IR UDLSRIOUI.
- - "\"p.-\ﬂe".'\r" ot ‘r","‘-r.:" :-" h maem e lEey e oy -'_.-,_v' e = Syt
tne &a:;"l 5‘5@‘.'—" aw 18 SNO3noTU b ©UTy BR0 URSILICET MlULLLSU LG



of tho plans and the tube Leoomes a stognation 1ineg and sope

aration oocurs on the dowmetream surfade wis

coming osoillatory=-=Pleiss 31 and 32, Ref, 3, The flow £iglid

chenge with anglewof»yaw end tha a0

boundary layer charastieristics will have ccnsidercbhle offond

upon pressure distzivution over the tube and thig heat transier

cherasoteristlios of heat flow from a heated %ube %o tho fiowicg

alz,

* Flow Charsoberistion of Modified Prendii Tuba
43 shown in Fig, 3, the modified Prandtl tubs proncssd
for st:ly differs from the originsl ir the Icgaticn of thoa Siz-=

cunferential slot out into the body of the Tube, A asgoad 4il

ferensy 1s that the tubo diamcter of the upaiream poriicn of
the tube is @ which 1s different fzom D on the ozd
2%,

¥hen 4< D and the sagle=of-yow iz gewo, the tubs of

diameter 4 prescnts a cirgulazr 1lip at the s8l0% viich aois

o

‘somevhat as a oirecle of stegnation., In this cese, no fLoW

vould take place through ths slc%, 2= the anple=0l=yoy varios

- . I e e 0 $amdn ey e s s T
glightly from zero, one would oxpect o pressurg indrazse 4t 32

. N 1 - e Ve Sl G e el e Rl e b e el £ T . O o | AT
upstreon symmstry ling and o dedresss in pressure CR e 27

% - T N o - R el e e T | ¥
posite slde of the slot, Such s pressuze ¢iffsrence wiil

fluid to flow through the slot and couss o scconfazy modifings

; a%n el mtend Bnd P Maa 0T b
$ion of the boundary layer in the viciniiy of e 2107, w48
eznot notuze of the varictlion in sverage £L00 PIOSIUNE

going fzxom A = $o A Z 0 ocoznot be predioicd gosUlaSCLY



10
gince 1% will depend upcn tha geometry of the slot and the

relative slot distsnoe frem the noes, Fowevew, in ths 0ors

¢d<D one might expeot the 816t prezsurs %o deoxrcose so A

varied from zero, since it seems reasonzhle thal ihe Tiow saisoe

ing the Blot at the upstrcam sysmedmyliné would ozii $hrcush
nost ¢f the rezainiag pe**.;n&::y and hende daeszeass the nst

etagnation effect,

For the casg of d 7D and A =0, a cirzciler Zeplon

of separation exists at ‘b‘ac downsizeam end of the tubae.ef die
encter d, Oonsequently, ths meen slot proszurse shou :
lesa thazz. for a similar cage in which &4 <
vazl cd Iroza ze...,, the ecxpected efifeogt would be 2 deszeace in
p2e8surs gt the upeirean syrmetzy line and an incrcase oa ho
opposite side, This pressure diffexrsnes acrocs s slob nush
result in flow through the slot fren the dowmnsizoan syanalsy
line to the upatrean symmetry line and also norznds ihs inter
veaing periphery. Su-:sh a flow would tend %o allsviate tic

sepazation znd resuld ia g ned im “‘:':se of slot proasuRe.

 Use of HEadific:

¥
5]
A
e
=3

for the modified Prandtl tubs one can expsrt
préssurs to ocour vhen &4~ D with & 80 end 3 = §,
For the caso of 4 <D, g maxioum z10% pIZsssurs should cxic

for A2 B =0, By making use of sither one or tha o%hiz &

thece condisions, tho Leasibdillity- of aechanleslily vazrizng 52
yaw end pitch of the tube &t 2 paztioulsr loos %0 dg

5l



i1

the flow direction secms good, If such a procedure is o pzove

PTre I
v pressuze with A

satisfactory, the response (variation of sict

and/or B) must be such that the tube way bs brouwght tc wildhin
tolerable devistion from $he %zue ficw dirssiicn, Also 4he
flow condition must be stadble %o allow peading smell vayiaotions

of pressure diffsreontial on a manomeber,

Congiderations for Dxgerimenial 3iud

e =

8ible sensitivity, an experlmental progrom muzt be cazriel cul
to detezmine the effeocts of geometzry upon tre slot PTE3suzs,
_ By uss of dimensional enalysie, & group of dimensicnless pazae-
reters may be arrived &t which may be varzicl in the exporinsatael
progzem to give significant laformzilion
the dimensional enalysis, the following vazriables awe consiiszed
of prime imporTiance:

¥(a, D, L, 8, A,B,?,}E,P, p) 0~
Following the praosedure set forth by the Buokiagham TW-iheolon,
three of the variobles may be ohozan o cothilns with the memsine
ing variables to forym dimensionless peramsiers, If D, p,
and P g3 ghesea for this @nzpﬁ:e, ths following pzzanche:

rezsults

oz

To fecilitato the teating progaas;
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Reynolds nuwber -- may be kept esoentiall ¥y conatant by tessing

L

under only one embient alr veloolty, The experimental progran

ol &

then consists of collecting data to study the Tollouwling funmsilon:

iy

par, @ LS. - (s}

g S

Fluid Flow neaxr Tip of Sepazaticn Tuba

]
D

A particular @osign for a scparation tubo is shown in
Fig, 3, Vhen the tube is orlentod in o ynifornm sbiend fimid

stream such that & plane oon%aining the tube azis and the

-
i
L%
Lt
p3
B
145]
LR
ole
&Y
'y
i

wajor axis of the end elliptical zzza is paralle
tion of embleat volecity, the flow pattern chould be symugtie
cal with respcoet te the syruetry plane., If the plans of syme

meér? is zade horizontal in a fluwid stzazm in which ke

velooliy is parallal $o the horiso n::.,ﬁa ghsnze in the englse
ofﬂ?aw 111 ohange the syarotrical flow pattern st the 4i0.

A% zer0 @ ‘“emofny w {tube pxis parallel %o aublont volocity),
2 boundary layer will form on the piesonsicer Yop sida o

tube and the pressure ae indlsated wlll be equal %0 oz slighily

leas than the aabient, As the angle-sf~yawr iz chaunged sugh

that the piezometer %ap is presented o th2 ongoming flow, LS
. ' N AR ) S e

prassure will increcasce at the tap until gt €O° yaw a sszgias

tion condition will eoxiet., Upon vawing in an oppositic soot:

wmat e
A €T

[
Dl
o
(v
fule
r
«©
b=

» v : om s P e e e T T 4. "N
tep will be in a sepePation zouns WRRTQ Tao



Sensitivity Deliniticn

For comparing the scnsitivily of designn under gon=
sideration with existing designa, the following definitisn

will e adopteds

g o {B=pa) = (p = ps). - (s}
qA

By virtue of the cefinition for P, p, ond B,
and _
.p-pazkﬁa" ' ' (8)

©
L]
e
c’;
L



Ohaater iv
EXPERIHMENTAL EQUIPMEHT AND PRUCEDURE

]

The apparatus n“CES. ry to ecarry on this wozi wga n
in en aasambled o ;aﬂrica ed state when the projsat w20 in

'1ated although tho materials were on hand fzom whish ths zeoaired

equipzent could be wmade, Therefore, a wpoxticn of the $iae fu

1980 to 1254 which was devoted to this project Ly the authons

- wae utilized in the astusl oana%ructien ond BO

. equipment, The precision mohine work wes dong DY & ooupobeny

magchinazst,

Wind Tunnegl
In order t0 carry on $he expexlmeaitsl work; a smgll

wind ¢unnel was Zebricated, Plate 1, The entrance and the

test sootidn of tho tunnsl wore mde from B8=in,=2loncter {o.d

seamiess plastic pips., A cpeclsl wooden form vns mads Jo0

the moldiag of the entzanse sesilion, Thso shaps of the entrani:

section was designed on the basis of infeormatlion gontainesd in

Ref, 7. Tho blowsr used to draw alr through the tunnel was

. &ra - S R e e e R L [ e o W
pade by the NHozth Azmeriosn Manulesturiang Oompany sad wag ratsd

-

i ] o] ey . am my e
ag Oaps ble of delivezing £75 QJKB Fhen the bicwse was opos-

ating at design load, tho vweleclty in the test sootlon wan o

proximately 53 fi/ssc., A valve dmstalled in $he ezhavst Zins

vas uscd to control the v2looity of the slz ian tho tunnegi,

Usually the filow of sir was throttled 1o somo 2mbend zo $ha’ he

velooity under walsh teois wers BUR was 4llUl =0 LT, T00

protreotor zraduated o 1/4 was ;:::-~ﬁ on & zod whish pId]eaved



into the tunnel to support the instrument being tested, Plate 3,
This protraptor vags used to measure the anglic«glf-~yayw botwesn the
azls of the moumted instrument end the direstion of the Licylng

alr, The objest of this work wmas o develop an insirazont whieh

would be serviceable in fiow of thrse dimenzions, This ro2l

was kept in mind in the design of the verious dovices tested si=

though they were ounly $ested under 2-dimcngicnal condiiionsz,

Singce these insirunsands were designsd fox

authors believe that the response in 3=dimonsicnal flow would be
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Expezinontal Dizzedicn Tube D
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The firast objeotive of this siudy was %0 doveisp en

] 2 - n =

instrument which could be uvsed to measure Lovh wind Spocd znd
dizsotion., The Prandtl piict tube hes tesn found %o be z Salis-
faotory devioe for measuring wind speed waen In

ie Enown approximately. With this ia mind, the 20thozs ¢Cl-

= 2 St . e T o W s s 1 2 -k P Y T b=
f£inead most of thelr efforts with zegard to greaiing a dovics
1 g L& e 2Varm e A ] pny TR e s D A
st armining wind dizsction o that dssign wnlgs S0ULA ©0
(T A 05 o

Bt dea ks SBastas B oo s s

readily incozporeted with tho Prandbl pitod WubDe fosign. L3000s

fora, the goal of this work wae the dsvglopmeny of a ginsls de=

w - ; oo om " ) P sS4 08 b Taer o L.
vice wheraby the wind specd would be indicatsd by an @ & ;
: .
ey o 2 EinnTn o L 2 - T T g ety s .
gimllar to the Prandil {dube and wlnd GiLyefUuicn g 2 o
. S o e o S gl IR L R P X e S L N e
ined frzom the z¢spongs of the iusltrument Cus 0 & PEoULTRSENI0E

- &% Tan - - A - Pt s 7 3 -
The authors designed, buili, and tes% gveral &
- 2 1 : 4 i e e B ey iy I o, S : o
uents vhish sppesrcd promiging ITOW f iderationg of ©
;
M ’ o7 - P 8 mdal omg —aats 1 s s T
changes in flow characterlotlios owCascy OF JaElii, Soh 0l 3



Modified Prandtl tube with cirzeunferential slod,

Details of the modified Prendtl tubs design con e
found in Fig, 3, and Plate 3, This device was mads so thab

and S could be varlied, Thrse noszes, cash having a diffsrent

2 s s -lf\ e

value of d, were made; this permitied $ho paramoler &3 %o

have thyse sgparaic values, The method of suppoziing kg ine

strurent in the {uznel permit ted the an: 1nmuA« 37 50 e varlsd,

In testing this design, ons of the rosco was placed on $hs &
go thai the-params%er 8/D had soms presssigzed valus., Tha

azls of the stem was positioned so that 1% was parallel o

the direction of the flewing air., The pressurs dilfferenss B

was msured by nsand of a Vaohlea gage -~ FPilate & The Toxleon

goge is g differential manometer ospabls of mealuring Prosoule

. ———
differenoes as 35511 25 0,00003 lhfiv,g oz the sguivalicat ¢f
0,001 in., of alogchol, After this preesurs diffrsace had bhao

reasured, the axis of the gtem holding the nose wae wovel &C

that the gzis of the nosz snd siem was' ot some predsberninad

& o Ay -2 % o et T - - D ® . man ~e® o~
angle A <o the dirvsotion of tho floving eir, This sngis,
,..O . o -

valled the a:?lenﬁa“’““a ugually was varzied fzom 07 O Lo° Ly

; 0 4+, 100 g oo e AR
inoremeats of two dogzess from 0 o 10° and by five dezzecs

'1nsremeﬁ%s f7om 102 %o 180. Afier the dilfercatlsl soops
readines were measurcd for the various angles~oi-j7uw ToR a
particular S/D, the distence 8 was changed o ansine?
deterines value sl %he nswy values of p for the diffczend
angles of yew were meacured. This procedure wms I3pSaiad £an
aifferait velues ¢2 g =which uwsually was from 0010 in, 0
0.050 $n. This was the procsiure of invosiliy & vhe ¢l
teristios of a nose for a paziicuvlar valuwe of L affer SRiG
L wa3 deglgssecd Re. prosidure 3 3 x



pressures for different values of the angleeuf-yow cnd of
vas repeated. During the course of thiz %estin

‘wes varied from 1,25 in, %o 0,135 in, The data eolleated
through the aforementioned variations of the anglo=0i=yay,

B, and L oomprised the date for the inve:

L)

particular nose, This same proscdure was followed wiih The

other two noses,

In the couzse of investlgating the cizgumferentiyl

el
4
(3]
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exgmined. L0e

slot primsciple, two varigtions of i

.consieted of a very thin f1l2% oclrcular plate mounted in plaos
of the nosc picos with a small aazula? gpace beobwesn the dizo
end the stem, The oftler involved the placement of a fing

wire 1oop on the hemlsphoriogl nose 80 as %o establish o dure

bulent boundary laye® from a fixad point thereby glimimniin

%0 & oertain extent Reynolds numbor effeotz, Oas lcos waa

mede of wize 0,001 in, in dlsmeter ond was »

0,08 in, uwpstrean from the fozmard lip of the slod, Ancihcn

loop mads from 0.C02 in, in dismsier wirse was plaged abous
0.02 in, fyom the foxwazd 1lip of the slot,

Separstica neag,

Dstails ooncerning what is calied the sgpareil

are pfcsv-% ed In Pig, 3 and Plate 5, Gnly cnz insizumant of
this typa wed %testcd, The testing proocdurc zo far s3 vazryin
the engle-of-yaw ig concernad was similax to that followad 2
the medified Prandtl tube design. The soparation noss ¢ype

2 o R e e Ma T Fyme A fr Bl Demey o eI e m e ] e
design is thought to be bast sulted for meaguring Alracyl
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in 2-dimensional flow, bul an srrangement similar to that
of the 4=probe pitot olaw would moke the bosis :ESigL.tﬁifﬂi
in 3-dimensional flow,

Ciroumferentiall vewound, hested-wizs dirsotion fuhe.

L = R L

Detalls of the hezted wire pozd g9 presentsd iu
4 and Plate 8. This design 1s baosed on the following rsasoninug,
. When the azie of a syuretrioal sireanmiined bvody iz pazalisd to
the dizscticn of the moving fluid in shioh 1% ig lmmerséd, a
eymmetrical boundary laysr developes about the body, Hewevez,
such is not the case when the axin of the body is eskew
tha direculoa of the moving fiuid {soe Chaptez III), Tas
changes in flow pabiezn causzed by y-1¢?¢ will
the net heat transfer rate fren the nese o the alzx iIF {he

nose iz heated by some meons, Howdver

et an almost conatant, ruco, tho temperaturs at which hgnd L
tranaferred will vazy with the angle-ci-yaw, By supplying

heat %o the nose throush a i”a“:scf;hu'el windine of 1ins
o -d
viTe having a high temperature cocalfigient of zeziztanco, &
y ¥
change in teouperature of thse noss would.causg g Cchaugs Lo 28w
gistance of the windinz, This change of Tesiadangg could LS
- e
megeured by means of & Theaisione bzidgs, Tis Iuagtlicn ¢r 13T
- s LT e T s Rl T T e oy o
.mlautmtﬁﬂe o7 ié in $hie caze woulid be b0 dosens gRansos o
resiatsnos {devictiion fyom e null p2int) zanthoy than Tas
.n. R P e e o B o GV A erem e 2N
Tho heated wire nome diogramed in Fig, < was Uil

s ol & ¥ Armmermins & 1 R
and -$ested in an eﬁéu;,ﬁif S0 fECoPsain



t0 the above speculations, One diffiouliy experienced im
the oconstruction of the instrument was the scourinz of 20
" having & high temperature goefficicat of resistivity. Singe
& types of iron wire is suppesed o have 2 high i;zper:{u:¢
ocefficient of resistl vzty, sn iron wire mas used %5; Theas

ANENOTN,

tests; but the value of the ccsflfisient was

gl



Ghapter v
EKPERIM“““AL RESULTS AND DISCUISIOH

In this Chapter, reoults of a systenpiis eszperisental-

study of a ociroumferentially-slotted dixcollion tube are dlae
cussed, Resullts of an abbreviated study of a sepeyciion dl-
rection tube end a circunferentislliy-wound, hentod-wive dives
tion tube are sltc presented, Finally, the divestien Subes

investigatcd in this study ars compered with %acse of comven

tional desisn in regard to sensidtlivity,
Cliroumlferenilially= ﬂ?ot%rg_ﬁiﬂ*enf.g‘gg}ﬁ
The vaziatidin of the prossure-ratio /P vith gl
of=yaw A {for a hemispherical nose was eystenzilizsally studisd

by veryine the slot-wid¥h zatio 3/D, tho n0S8- length ratio

L/D and the nose dlameter-sicn dlumsteon ;a:;r a/D, Ssygiei

LAw]

tosts wewe hid@ t0 deteornins s effect of a fing wize 1aon.

placed on the hemispheriosl noss, Alsc a Lricd
wag carried ocut to dstemmine the prcasurd ehavotitorisilos

vhen a filat disc iz substiiuted for the homigpherioal noé3T.

Effeot of &/D uoon plE.

e \“lw
4 2. . - - v fy S
o - S i O i (R , 2 Bl i
Figs., 5=28 srs ordemcd suoh $hat 4/0 iB0TEResSs 1T

one figure to the next. For L/p = 0,512, ¥igs. b, 12 aacd =U
ghow that p/P dscressos wit
and ingreases wit?

- P > N T, VR e 5 e e
be 1un ascenxd with ho zessoning in Chepter 21X, Fig.
3

g (| B s T > N s i 3 Ay =
resents i3 Fesults oi a sSpiftial wil% I ) Wi Gyd T
" - - . A Frey LB 3 o T mpryen + i ¥
t":‘ On S.L’Q :?—&a '!2:'!} gt G"‘ - L = -’5‘ 2
L
: - Ay f F1y £
creasing A but at 2 ac hat fasuer wats &
¥eU81ng



21
inoreased from 0,513 (rige. 6~11, 12-19, and 20-36 ave arrenged
in order of sssending L/D) the effcot of &/ wpoa pff
becomes less pronounsed wniil for L/D & 4 no dsfinite 4zead
exists end p/P is géeatiy affonted by 8/D. At L/D of

about 2 uha preﬁ e flueh auicas oo QAG-TCCT stroaz inGlcaling

-

2 e T e =
100 t.,.L transition £ ‘C-s £,

that thaaslot waaﬁgécbably in the res

%3

laninar boundary 1 e 40 a turbulent boundary 1;yﬁ* Thorce
fore, at L/b > 2 the boundary layer for the vaiuo of U used
wae in s turbulent siate which would meke 28 of:
loss pronounced,

Effcot of L/D upom _n/®,

The effsot of L/D  is czsentially s xesull of looabizg
the slot in diffszent Zeglrmss oF ﬁha boundary dayor, YFor wvaluss
of L/D up %o and inolwding 1, the prsasuve flvsivallions wsua

emall indicating that ths bouvadary laysr was still 1:;1;;?v
¥hen L/D was either 1,5 or 3 ¢he pressure flustuaticas wozsd

very large indicating gn instablilty of the boumlaly layssr nd

202 1/D = & ths pressuré egzln bscams sissly iadleaiing 09
presenoe of a turbulent boundary layse, Figs, € and 23 gLog

e —-3het the wariation of /P with A is gresteat Dok~ LiD = L=

-2, e vy @ < Paw Shin
ne Yaila e o ¢
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This resuls

lenzth of nose iz mwore nearly equal to tha value of . &5 e

Bffons of S/D ugon »/E,
For L/ =1 anda AD> 8% the wolus o2 pfP econ-
sistently deorezza: with imgmeasing §/D. For A <8" ond oil

¥ - o > Tt o . P8 £+ T vy
« L/D, the effeot of 8/D upon »f? appsers to be less thun



the error of precssure mcasuremen’ begauss no consisteont tzend

is apparent, Azothez fasior c«zsimg scwe zoatter of tha data

rey be that the slot odges were né% conazictently shevo eud aguaza,
Acoording to Ref, 8, rounding of ihe slod edzoc tas conzidose

avls effect upon py.

Effesta of spesial nose FOdlfLO“tAﬁA?;

In an effort to eliminate Reynolds ausbar efdssis wupon-
the variation of p/fP with 4, a fioe wize lcop ﬁég piassd
around the ne*isphe:i cal nese == /D = 0,213; L/ = Ga;za s

that the plene of the wire was perpeadiculszr %9 the buve
axie. Fig, 29 gives the resulis for 2 0,008 in, 2ieometer wiue

plased apnrozimgtely 0.02 in, upstrean fzon the slot, This

: o o i ot ot o R & 3 Sl R ¥ ey P g T A
grvangemncnt greatly zeduced the wensitlvily ¢f /P W &

In Fig, 30 the zesults are given for o 0,001 in, dlamater wils
placed epproximately 0,08 in, upsiresm from ths slof. Thase
data indioante a falz sensitivity for S/D = 0,18, Furthez

L2 P o | - o~ s Y P = B i o TE gy it
atudy to determine a wive size and logatlcn to fozm o tuxtulsnd

< . B, TR (EPRE, e i i A ey . o - e | - - gl -
boun@ary layeD 0L BRLICILBES epproximateoly D - @4 <ohoull Fasid
i3 i,
€
g v, & BN e e e e B
an v mgﬁﬁ@; : wnich in 8tanaid, fyroa 208 ¢ VR0 IEE ASEUET L

feosts over & wlde Tange of Reynoclas numhed, ail faviilE 4 Puivs

$icgl saus3 165vi% Vi e

A single $65% was meds with the hezlapherlissi [0TY Ic=

plased by a flat-dlsgo ouch that 4/D = 1 snd /0 = C.00,.

- e don WS b & 5 O SRy o L "

The resulis aye shovan in Fig, 31, The explodatiny mouilishon
G ol B S 7 S WAL CNT N TRIRER . JPSCs R e R N RN~y

were aade with the anticipobticn of auoiving &0 20 ATTARLUNOLY

- . O B i B

T o e N o e _ e L
\.Ffi?d.ﬁh Nl B X183 Of RaynhHianon I SERGEY SULELNE; ALUNISRy S

£ P aont ama depetds

5 o . o oy = 5 -
gtnbility of the flow disgournged fuxithiok Y6ILS.



.Hémisp§eriaal

‘pitot and the olaw %

Sensitivity,
Only sensitivities for %he most prod
ments were calculated, These are given in the

teble along with %hose for stendexd devioes,

Hose 4/ 'L/ . 8/p

0.20
0,20
0.08
09_0"2-‘

0,812
1,008
1,008
0,478

@O W

b

]
Cylindsr pliot
Pitod claw (2-prono)
Prandtl tube - i
Stagnation tube

O= OO
A0 w3 6
G o1

Cecmparison of the veluss of moximua 8 Low dhs

giot dizeotion tube with the valus ¢f =

. . . -

sing arrang

o
=

G 8 C?j—!
0,015
O © GC’:

0,007
0,11
Ona‘i‘
0.03

G o Q :f-‘-' .

for the oylindus

- o o v gy A TR SR L W i e e N
el ingzrvement indizatss thet tho soni3dlie

tivity 1s not very satisfactory, This rezult aicne i3 sule

ficient for rejecticon of the preposed doglen,

o g - el e Mt
Senazablion Diragticn Tuha
L -

e e B
AT el 3 e ilierteessaniakees o ceciiTES

in an attenp

e - a7 AR ol e D T 3 -
% to luprove the peusltiviyy 2% & dived=
St PP e IS ot o e N o e Y AT y, L
tion tube, a tlp wen degsigned Vo take advanbago of Ths ¢ oL
aacy iy ws 2 P S R S o BT A s Tn e e e
pressure within a reglon of geparation as the geoumelry olinnge

5 o o s o g 2 3
%0 & parallel streom of alx,

o T T " g Poamad gene -

axzis, Yoz A<O the }}.i.i“n‘...‘t-s’ﬁ.v ¢ SED LABEL U g s B ]
L. R o9 " DAYy emf sy - oy .

order t0 asoerialn the effcot of the plsne gontaialing o

) 3 e e & ey o I o e 1 I ST Sy
axis and wajor dlameter of ths end silipiival
& a s 4 L L e armer D /o7
plane) not being in the plane eof yeir, -an’ angl
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For 0 =0, %he pressure railo p/P veries zapldl;
with A in the vicinily of A0, For A> 0, thsvalue

of p/P 1 less than 1 and repidly deeyeasecs cingse o

{ﬂ
o
Iy
Y
i
L2
)
[N
=
§

orifice is in g separsiion zong and %he ch

L"t

rcotion at the tip booomsz more abrupt with lnerensi

With negative A +%he pressure ratlo gxgecis 1 Tbeosuac ths

plegonzter tap 13 not in a zone of sepavetion. Two ssis of

data are given for O =0, Boih sais have the saus trsnd
but the magnitude of p/P for a glven A is different,
The zeason for this 1s believed to be in slighily diffevent
poaitions of ihe tube for the inltial sstting of 'A ® Qaf

The 3nglmuﬁ-» bwls
value of p/P apvzoelably, However, es C eapprceshes 209
the tube baoones zelatively lnsensglitive to Jaw,

Besed upon a 8ingle separation tubz of the glven fcely

2 s,nriti ity of about 0,17 would result. If two similaz tubes

2 by e b 2 -y ~ R e e O S e
were used 8o %hat they would rTozpond in opudsidion, Tle SIIsSie

34 . L B oo v oy o A e 4 . o g B e ey A Tyt
tivity oould be insrecagsed 0 0.34., This saugitivity i3 aloUs

e

o 3 & dopnds - o I K o | A gnr kY

S times greater then the cylinder piltoy =~ g2 Tabll on pags
o * S 2 2 o e B e e o & o

23, The pressurs fluctuaitions experienced whea tegiing this

-

- came o oy o = 9y S N U el SV S T, A e
instrunent were not wvery great. Bezause of thiz high sonze
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fabricated with a fine izon mire. The temperatuze S0
ficlient of this wire was uwnknown, Thig incizunent wos teaded
in the gaie magnne? sz the modified Prenddl %tubs, Ths zoeuls
were not c;onolusi?e tut they indicated that the device uad
sensitive %o ohanges of wind direcoilon. The muthors did nod
_ have the opporitunity of investigating thig instruasnt furgnes
although they believe that through the coubined &7
a met:alux!gist (wire dzvelopment) end ax serciynanic 02 hylase
1ic engineer a pra '\‘;icai ii’za'f.'-l:-um;-:-n'% may b2 Ceveloped, 4
ine'z;m‘sa‘"_em of this natuxe mey find milivexry end Scusesnial

value in the ficld of aviction whers snow and ioe may mzke Wie

o
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Chspier VI
CONCLUSICHS

'Tya study desoribed in thie repozt eantercd aboul s
experinental determination of pracguze ?a:ia?icas mzasened
two basle types of dircoitlon tubss whier subjested o you,
From a fundsmental poing-of-vicw, the tubes ezmmized way Lo
classifiad as fol’owa.
slot on a modificd Prandil tubc

2o 0Ly um;er&n%i

3. Separation tuds.

In addition, a prelimlinary aﬂ?::tl"’iaﬁ voe bagzuia 1o inveulie

gate the pcasitijnuiﬂa of dsvolopzment of a clrounlgeenticllye
wound, heated-wize 4izeotion tube,

On the basis of dota collested, the folilowling sone
clusions wers arf‘véd ad: i

}, Beoszusg of zsiatively 1éw sennitivity, th:
circunferentially-slotied, modified Prandil tube does nos
constitute 2 setislastory dlzasiion Tub2,

2. Beoczuss of ralativaly high peaslilvity, prissurs
stability, snd pozsible adaptation for S-Jimansional uEg,
the separetion tube affords a mesns to an Llmpreved divsoiion
tube, : o

3, The ocircumflersntlally~wound, adcoted-uiZs Girsodtlon
%ubé gppsare to bo senelitive o oheng
enal work mugd be done bsfoze 2 5ol

large axnount of sdditi

factozy insizument is developed,
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Plaﬁp 3. Gircnnrarential slot

Plate 5. Separation direction
tube.

Plate 2, Close-up of wind
tunnel, '

Plate-4. Wahlen gage.

Plate 6. Circumferentially-
wound heated-wire direction

tube.
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Direction
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Cylindrical l:arasa tube
Q.064" O.D.

0.033" L.D.
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Round hole = parallal
to end plate —
0.002" in dia

Pressure Py
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