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INVESTICAYTION OT LIR FLOYW IU RIGET-LWGLE 2L30VS
I A RICTAWUGULAR DUCT

By Chorles K. Hclellan snd Wolter A, Bertlett, Jr.,
IFT20DUCIICH

The increased conplexity of undern anirplane-engine in-
stnllntions, with erxtensive use of duet srstens, has great-
1y increansed tlie im»nortance o7 well-designed bends in ducts,
The improper functioring of aircraft corburetors, for in-
stnnece, has beer bdlared in mnny cascs on ths poer ducting
of air boefere 1t raaches the carburctor. Armong the major
faunlts Found in the ducting s"steas Is the improper design
of elbows Jjust beTere thc cardurctor.,

1 murvosce of thris investigation was to ob-
tain an ~lbow ap for ure in airplanc cardburctor eir in-
takc duets, wiici ing low losscs and good velocity distri-
buticn without tiho use of turaning vares, This investiga-
tion was not intcandcd to be a complete study of dact clbows,
as its scope is linitcd tn oclbows oF propcrtions which wero
considerecd to Le uecst practical,

The origin

&)
*

ATPARATUS AUD UIZ2HCD

Thie teste wore confuetoed veing a roctangular duct
having a width, w, 2Z.0H7 tiues as sreat as the dopth, 4,
and havirs tho ¢lbow in a horizontal planc. This ratio,
w/d, wiiekh %ill be called tno aspoct ratio of the duct,
wae choscn sinco it is annlicatle %o the carburctor for a
nodern nirmnlans cngine., Cthor nronortionc, which are
snown in Iigure 1, were cresen as likely proportions in
engine installations,

Tho tests werce nande ot n Reyanolds nurber of nbout
209,000, Tased on the denth of the duet, which was 2,625
inchee., Ln entrancc leng;th of rbout nine tines the duct
depth was usal to build up o doundary larer approxinating
conditions in an actual installation.

The nrir wes drawn through the dvet by a blower rnounted
in the rear of the cntrancce tube nnd clbow, This allowod
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tho entranco trbe nlone %o determine th: type of flew and
ansunt of boundnry leyor,

A rrke measurad tha static and total pressure distri-
bution ncross the lerth of the duct back of the elovow.
The locnsion of the rake was cheosen -t 2.984 back
of trhe center line of thc entrance ducts cn ~ll eatrances
excert ¥ aad L. (Sec fig. 1,) This loca‘icn wns con-
sldered to be o practicnl location fron the stardpoint cf
actual dnet installations,, ifoving the rake either forward
or btoexward would, of course, chanfge the reasurcd pressure
drop and the velocity Aistriovation,

Benhind tho rae the tube was ceontiunucd for o distanco
¢ twice the depth vefore thn 2ir wes diccharzed inte o
larze tube ia thoe Ylewer. e leagth »f this tuve was suf-
ficlert Yo assure the conpletc turning of the rir. An cx-
trorely chort tuve following the bond would have nallowed
the nir te lervo the $1be boforc tho air was ccmnletely
turncd,

Tho two characteristics of the elwows which were con-
sidcred to bo important wero thoe anwuni of {low for a given
prescure Crop and the veolocity dlistribution ncross the duct
after thie bend,

RESULTS 4 D DISCUSSION

Theo rosults arc nresentel in thoe following nondinon-
M
sional units:

7, = A flow coefficiout

A/ 2l -5, +q,)

- ————— — et = -

p
T, q—T
= = pt- volocity rntio
vB da
z/d distnnce from innor wall in torue of Quct

drpth at ralzc section

P nass density of air
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and the following dinensfonal units:

P, - P

, static-prescure drop in both entrance duct

and clbow

Hy - E; total-pres-ure drop

whore

Q guantity of nir, cuvic fect per second

A crosr=sactional nrea of ~"uct ot rake

P, froc—rir stotic prossure, inches of alcoheol

F, averoge zteatic mressvre at rake, inches of
nleocanl

P, avernge ~tetie proscure ot tho beginning of
the bend, pounds per sguarc foot

EL cverage ctatie vyressure nt rale, vounds Der

[
csaunre foot

Va! wvelccelty ot any point across strenn ot relko

v, averoago veloelty at rakoe rcetion

61 arernge dynanie lead bofore the bond, pounds
per square foot

q:' dynrnle hcad nt anyr point accerors the etrean

© at tho rake, pounds ner squarc foot

qQ, avererge dynanic hend at tlho rrlke scction,
nouvnde por scuaroc foot

dg froe=nir tot~l pressuro

Hg totrl proassurs ot cny point across rrke soction
< distrnco fron innor wall nt roke sccetion

a dopth of duet nt rrke soction

Tho flow coofficle:t, whiich wos dovisod to show tho

offcetivonoss of the elbow, i85 the ratio cf the quantity of
flow through the actunl tura to the quantity of flow through



nan icden~l duct with tle s~ne static~pressure drop, the iderl
duet beins oue iIn which ~ll t' e st~tic nressurc is conv;rt—
ed into wveclociiy lend, The sintic-pressure drop in the ac-
tual eldow was consldoerol as veing tlo drop luo to lossos
in the Ddoud plus tho drop duo to the veloclity heald. Whon
tac lossas through tl.o ellow ~rc zoro, the flow coeziliciont
is unity., If %lo cficctivenoss ¢f tkc Auet worc to be bnsod
on tho to%tnl-nresaure loss, unsctisrcetary rosults would bo
bsninol, ns tl.o 1lose of prossurc is ~l:ost noyliglible ~nd
rost of slLic roluction ia cuantity is Juo to uncven velocity
dlatridutica rathor thal total-»nressurs losscs,

Tho valuce ¢f *Le flov crofficiont Fo Ior tac various
ducts nroe nrascntoe’ 1n t..o £9llewlins~ t201ce

-

y- ‘ i |
E1%o%| 1%, J L 3 ! 0 { D E F _¥~ G

Fo 1 —20.957 0.3373 o.sar‘Lo.e4o €087 | 0298 | O, .881
== A-.-‘JF—-":-"-.-m ":-- = ""'"’""’::: o= = Tl:_ oo mmmes T
Elvow| I | I 5 . ot | J Straisit duck
—_—— ] s I e

Te |0.714 | 2.838 | C.930] 0,930 ‘0.995 | C.954

i

- i — A e

Since th:0 volocity “istritution is »f consilorablo ine
partancce, osneeinlly for dends ia Jront of earturcters,
the volouclity Mdetrivutiosne nro nrab(ut,l in figuroc 2 S0 B,

Fliqsaros 5 to 18 nor. 4o mlots of the totul-pressuro
nal stntlic-proreuro “rone acrose tle entrsnco duct and el-
Vo, 0aguro’ ~t L ralto,

DISCUSESION

Tho r~dvantagses of the wollariandod ccrnor over tho
saunrc outor e¢srnsr ~ro clenrly showvr 1a tad¥lo I, ~ud in o
courariacn of sizure 2 witl, fi;uro &, The flow cooificiont
of Cuct L, whileci 18 ~bout 10 mcreont rinkor tlan tint of any
of tho saurro outor coricr dYonds, 1s conclusivo proof of tho
lowor loss of Cucts of trpo & of thoce »reportioas, Tho
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velocity and preseure distribution aro also much bettor
for duct 4 than for ducte B, C, or 2, -

These data do not agroe with the conclusions arrived
at in roforonce 1, apparcntly because the invalid assump-
tion 7ag mado that tho loasecs of the two elbows would main-
tain their rc¢lative values whon the aspect ratio and other

proportions werc chanzed from those testeld. This asgumption

need not be true as the lousos of tho two elbows may be
ertircly different in nature and, thereforo, te affoctod

difforontly by the 3uct proportion, Therefore, although tho

elbow with square outer corner wrs foundi botter at iow
aspect ratio than tho well-ioundecd corner (reforonce 1),
it 3008 not follow that tho sguare outer cornor w7as alsgo
boetior at high aepoct ratios,

The accelorating ducts B to X, 1inclusivo, wero

designed with tho idea of improving the air floz ty croating

a favoradle prossuro gradient through tho elbow by acccler—
ating tho a2ir as it rcundg tho cornor. Unfortunatoly the
losses in oxpandizz tho air bdack to the original aroa aro
gonerally groater than tho docroaso in loss through the
bond.

Benis F an1 G woro attompts to ovorturn the alr in
order to roduce tho boundary layer or the inside =all,
(Seo reference 2,) ZElbow G succeedel in reducing the
boundary layer on tho inside -+vnll oven below that of
elbox J\, but the losses wero considoradly greater than
thosc of elbow A, Jdnothor menns of rolucine the boundary-
layeor tnickness on tlhc inside wall ani moking the flow nore
noarly sym:otrical was to make the whole oxpansion nn
the outsito wall, loavin; the inner wall straight aftor the
turu. Elbows H, I, and J are vorsions of this, BEltow J
was consilorndly Lotter thnn eldows H ani I, This eldbow

hal a bYetter velocity Alstridution than olidow A, with oxnly

a slightly lowor flow cgoofficlont,

Tho charnctoristics of oelbows X 2md L aro not
quito comparadle with those of tho other olbows, as tho
cross—sgctional aroa at tho ontrance was groator thar that
of tho others, ¥ldow L 1is actually o version of the
acceleratinzg elbow, excapt that thoro ie¢ no oxpansion aftor
tho turn, This oibow 13 considoradly botter than any of

the othors tnstod, sinco it hae all tho advantagos of accol-

eratol turn without tho Aleadvantage of an ozxpansion,
Unfortunatoly this tyvo is seldiom practical, as it raquiros
a retuction in tho c¢rogn-soctional aroa of the 4uct through
tho oldow,
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The oldbows A, J, and L, which voro tho best of thoso
testod, arc not nocoszsarily tho bost clbows that can bo
mpdo, Soveral ckanzos exn bo mmde on clbow A, which
would incrocse tho flow officioncy, Incrcasing the radius
has voon shown tc docrecaso tho loss (rofaronco 1)e. Inerons.-:
ing tro asroct ratios, tho width di-idod by thao deptk, has
al:o b%on fouad to dceroase tho lossos. (See references 2
anl &,

Tho valuo of guaide vanos in ducts of thoss provor-
tiong is doudtiul, sinco tho arin vroluo of zulde vanceo is
in bdcnds of vory low aspocet ratio or wicro very shoarp
boands ars roquired, Whon gosd provortions can bo uscd in
tho olbow, tho lossos aro so low that vory little, if 2ay-
thing, ean o goincd Yy “he uso of gvids vonos,

COSCLUSICLS

l, & woll-roundcd olbow with aspoct retlio of 2,57
ha? considor~dl:- lower loeces oind dottor voloclty distri-
bution thar onc witl sgunre nutcer corno-s of %tho sauc proe-
portions.

2e An accclerating oliow of oiec trpe rosulted in o
botter velocliyr distridution derond the oldbow then any of
tho othor cldbows tostced hoving the same ontranco ond oxit
duct crons. This vae nccompanlod br only o~ very slight
incronso in lose,

3. An nccolorating clbhow having a smallor oxit duct
than entrronce duct wvas fourd %o have tho lowost lossose of
any tostod,

4, although thoeo trsts indicatod shat cortain cldows
wvero sunorior acrodrnanicnlly to otiiore, thoro is no proof
as yet tant tley will provide better carbureior onercat’.onal
charccteristics; in {rct, romnrts %o the consrary are preve
nlente, Tho work thnat 1s continuing along these lincs should
do much to clarify unny unknosime tant now exist in the appli-
cation of Cuoct design.

Langley i{~morinl Aeronausical Lsdoratory,
atlonnl Advisory Committce for Aeronautics,
Langloy Fiold, Vo,
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Figure 18.- Pressure distribution across duct behind elbow L. Prsasure

drop measured at Jz = 6.96 inches of alcobol.
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