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The resistonse to zotich 4.0. tho pressul drop in £1uids when psslns thraugh
3 pipe bend (Ligure) has beon the gubjacd of nuirotis davonilonsicns oincae A

work of Wolsbeche, HL® reoults show such a wllo voriztion ti:t It 43 diffieslt ¢o
L4t thou to 8 curve or $0 reprosaat thca In aa cudrieal foraula, AL t‘m.t. is d=finite y
ie thit the pesistance, for a pire of circalar cross-cooticn with o 900 b ndy 33 & 1)
piniux whon the retio of the radius of tha pire to the sverago radius of curvatuse is
arproxinstely 1/7 to 1/8.

I, If the flow ie in a closed clrcilar einz, thet 1o with 2 3509 bend, a potential g |
sotion will sot in -neJ.ectim wa.u rz's.c’.;ims-;ccaming to ths rule ) &

h

ue .
vhore u, u, &re the circuital wlocit.xcs ar.d o, T oare tra recbinent t*aj:;‘;cw r2dif,
. Even flow in bends of ex:ller dosrss, cc by arpronioites tiis tyre of modlen, howuvor,
without being able to sttain 4t compictelz. Tho guzo 13 true algo for the radial
jJressure increaze remuiting frea ths contrifisal accollesation, widch for & elosed
eircular ping without a;x averagy radial, vclcait.y is givea by
L Y- ;>

:'o'/:__ »’} ’\.

A g W

whers) 1s the bulk density and g thn accelcmuoa of gravity, Integsraticn of this B
&, botm 7 8 using (1), gives the pressure increase fram the inside to tha outside,

1 A ‘
Voo = = ~
.I_-;‘.'}:‘ - g:, & . “’:, " cie, _ hE l'..-{v - ::‘ \, - (23)
: .v-»)- L4 e ..‘-'_ - o = . ‘.’_ '/"
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This can also be wrlf.m 2, L
b s A
r-/ a8 !/“’_.‘,. - {, ).4 e /,’-, -~k 7 -4; ,‘-I#‘-! r-) , ‘o
va e “"—c-“ ‘;6;‘ g 3 tf e M,,,‘, ‘l {y
o~ i
or with the aymum s e (3)
Lo b u =
R I B .~ A -,
‘—,.-r' tu’.'\ [ '? )1‘4 2"21-/751 ‘?:,.. '::- f r "o"?.,} (2b)

Flow in the crogse-section mu resulds’ xra:a fthls iressura drop, dircsted townrd tho
so oido of the rinm, becouse of the zdhocica (to the wall) dn &hs rel toricsd cf 4ho

wall, .ccording teo figure I, this recults in a doublo vortox dus to tho back flcw in
the centore This foct has beom est:blished by werdcua chsvrworse The right side of
(2b) ‘shousthe vortex enerzy por ualt moss ficuing through the ring. This encrgy ia

: eventually amnaled by the inmepr reoslstance, wilch produces a pressure drop in the
direction of flow of an amoint obtalied divectly from (2b)e
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THE RISICTMCE oF TLis BiliDleH, Loreas

In this coze, u  can be econaldered 29 479 moan velockiy, o a5 the radius of
curv.ture of tie bond, and ror £22 3 tho larsesh wleia of tho %ndts crosse
scctiun Salion in tho ;lane of witlcne If tio bond cungista of only cne &rs Z
thars i3 not a ccn;lote Lformation of tas doble vorbex in tho cntire crc
Tals 1s bocavse of the transitiun frca otraizid flow ab the entrance and fae trautde
Zrocation back again ot $he oxite. Thorafore, & proccure drop Cus to vordex fercallca
can only bs axpected to bo

& ~ (4)

g z e S 2’ ’/ oy
AP i7 (?z,"!?}:;:“ i;;,,‘.?: :.?".’{.»
. » .
1% The veloeity alstribublca glvea by (1) Coss nct naterdily esicinate at the
entrance cross-scction asd accordlugly docs not go izto an identical straight flow
&t the exit, Thorefore, the valums fiow gur unit tisze thewgh the crosg-gecilen

¥, 1s
o
& s &dF:C('/?—[S{f (5)
: s
or arjroximating with A Nt 3 ," , ;" LA
Sy 4 /.'./ e

e X (
. ¢ 5a)
a R Iﬁ_ X XY LAF _
/2 Ao =
III. If p is €hd huk radius of cifweture of tho flow linos throush tha conter

of gravity of the crossescction, &hex and k the redius of gyratica, thea

: .&dF"O VJX;C/F :J%'b;:.
in ordsr that the axls of the ceutef of gruvity be peryendteulzr to tho jlane of
motion, Using this, wo obtaln fyom (53) with u 8 ¢ '

.-'6 = kY
Thus a shifting of the ceutor etroan-firs toward the inncrside ia
_ Ao AT (6)
A== T 2
from this, with anxixeaisx angle of cumm;( » caly tho expressicn (&)
‘ 2 3
rerains. This produces a harr& S of T £f1cdoward the inncr slde of the bend,

a seraration frca the outerside, neap the crtzance, Oprosite circuustancss escur
ab tho exite Thus the trancitlen of both firms of flow into cno zuothur, &8 in
the figsure, &sy be foud ajproslzitely 3b tha gaater of tho bonde{sve)e Sach flow
separatica 1s comblned with a yavorse flow &b the boundary inside a wvortex layury
This i3 clesrly noticebls {fizure) on ths outalide ot tha entrance and ca tie inside
extending from tiae center to the exit of the bend. Thio hag becn rejyeatedly ostnd
blishod in photographs by ohsarvors. This ouber separatica (up to the cunter of the
bend and inner separation (frox this polnt en) of tho flov maana that tho pressure
drop (4)4s most jronounced from the cutside toward the inalds ab the cautors Tha
pressure drop strongly dininishes after tho bend and vanisucs 1a the straight Llove
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THE RESISTANCZ U7 FITE DLiiDS » He Lorans
Q?‘, Edthor of the
< r Tetuwe, ansesided, 539 band, flow s»m,.i.cs can be coasldersd as Joint rarts
“{ovse the half bopd) of the totud fimw, Iithor ssgurvsion Maviug a peparablea
angle—~ , walch usizg {6a) ed o oitalned 4 fran
w &Y Iy l, -
T g TSR e 2 S )
" Yo sezaratizg n volocity adangs Doct U Lo W soours Ln She crclisesctilon
‘ 2 = .’:"':2 & Sevtel /'T L I _;;} - ,‘ ot /f.: e (:,':' - .":’:,-;_'}
: oy '
:#, N T4 -' N o N ‘
f& Zt: - 2 ﬂwp Z‘ y 'l',' Pd / /‘, :..{;:;_E” ,:’ ) (8)
Howsver, 2c6o; to the theory o: flov soparabion, this chanze entalls a
: Frecsure in H
’7: I3 -* s w ‘:.;-. 3 e \
; RTR ‘,,«:“;.h A HERE 2= gl )
The effectiva portion of thls inwalving tan+» glves ‘
d?‘) _m—?-:(mk-& (frla-.' ") (,-0)
 which {3 ths pressure losfmnluns surely fxum goparation of flow, However,
\usi.ng (8), ve may urlu Lo 2,
; - - - L R
.-/-,4, _.:.-.?.:.L :,‘::" ORI 4 -,'6
) Thus, cunsidering m. (10) beccmoo e AL S A
c . oL P ‘/' L s =
which may thvrefora be nsg.ect.cd s belng of seocrs erdse in Gouyarlsicn with
the pressure drap (L)
IV. Finally in connectiim with tho remaining vortez loss (4), the jressure drop
which must overoome the turtulen? w:ﬁ.l Zrlstion 1a
)L F ALy )’

d 57l A - (1)
whero\ 1s the rouginess coetneleai. 1ct us 224 thls 2o (4}, 60 thad bhe
wmwmmmmeumwa is

. y }{ e~ P .;3.5. ‘ : 13
1 ‘7.7’6"/, ,3(,__3("".14 /"/“:;/’ (2)
with a pinimn vaam” : '
b y - / -
’ - 4'2';“'“ = ‘:};:- "'""'"2: ;/-n":;""‘ iy "f""’ < //‘:?'é 123)
; Itmmnmghmwn}. o.olutbnmg‘maaatcomamdhzom
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reached by Brightzore afd |
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THI RESISTANCE OF +XFE B2NDS = H, Lorens

Abroviating, we may witto;

LA )
and in place of (12) L

Thiz srovides the folloddng tible for waen.' - 0.0Le

| r/a 1 2 3 & 6 8 130 .'

{ 203 2,083 0,76 0635 asoe

- p
For the most usaful quarter-circle bends or elbows, then with - - . 7

g.'/oh‘ 0,53/ 7.2580 0.3/3 0.260 o252 0.237

) Thereforo thoos nuzerical values are entirely within ths range of cbservable vzlues.
| Thyy show & very atreag rles with an increces of a/r  and tiue confirn the great
: iafluence of the doudble vertox in tae crcsa-acction.
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