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(frwtngation)

The rcist3~ to =~ticfl L.o* tho p.?casui- drop n f L1.13
a A4~e benid (firur.) has bcn Che b~ r~~:~ ;4i~

work~ of VoisWacho His revults showvu.chi a %at2o t'.,-tt it 1 da cl t
fit tkiom to a curio or to rjerso=t th.c In = -n .4rical3 forz.a All t!"t is 6 rinlt*
is tb4, the rovistancep for a 1-ira of cixrcilaz' c -%Aki th a, 930 bcnda i* a
mian ubonhv the ra.tio of the meA=u of tha 1-i-Ic t o vcr. r=Uu d.i curvature is
aPpro-xzato8y 1/7 to I/So*h aa"0 " d. octIs It the flow Is in a clo~c4 circaar rix.Z, that 13tt ~ b~,a~~i
Sota wi ta1.st In ..oeZ)Actir: wall fric%c--O rdin,, to t1.o mle

where up u, az's the circdtal vo1ccitios x"drp, r' era th itictra: .c.-y rmdi1
Eme flow in bond* of s~lr CU's,~ ~ ~ ~ :i ty,,e o.'1 ria4.,
without boina able to attain it cc--lctc2.7, VO U=~ 13 trao Also for thea raial
pvacure incroace, rogt,1nZfromtho cctr1A.-;g aCcd 1h.atonp iihitch for a clvo
ailmiulaw ring withouat an averapS radilc3 voloolty is given by

(2)

where' Y.is the bulk density 6n4 & the accolcratica of graIty* Inrtion of this
betvon> ,USuiz (1)# L~VC the ;z'eMuza IUcrg=* frOM thQ insidO to thO cutaldoe

Ths ~a= 41o bwittca I

or with thi ap~oiaI 3

I (2b)

nlow in ttiv crosasoti nr-,w rcault* g t4.srazr drp directed tc-.rl tho

In,%r io of the z'in& booec of th3 :a4x I to the t~al) In t1;3 r- or.-.:. c:~ tho
vaU91 AccordinS to fi~uro I# tWi ravaltaz in a d%-.bla vorbox duo to tho bacac fle in
the cptr~o This fact has bean ot,lishcd bj yvzioup cbsrvra The ri;ht cido of
(2b) Aonthbo voztax encra7 i-r %=nit U.'2 ftlo;skZ thmu,,,h the rin-. This cnmra ia
cventuaUy amae~ld by the izmer rosistzmo w.Uch 1-4vico a ;nesuro drop In tho
direct~on of flow of an aaount obta.lzad directly fran (2b)o

.-. I l



L% Wsua. cace, u ca~n be c~n iecr.o s-Lor^ zlct, 4z t. ralso
ma~zrm of t~s bond auA r _.r a 2., z t!,.o 2~.t c 1 or' th.c a cro;*-
Sectlun i on In the ;I.=* Ot rS4n. If t;.a W C.C15f, cu' iy zn .
tLams in not a cc=;1ote for~tlon or' taa do-b vortax thocti~ ~re re~

This is bac~w af tro trzrwitiu grcci strai:ZAt f~e~w th itr=,. Caca <!;a trans-.
fro~t,4o baoc *ai1n at Ulm exit. Th4raforo# a ;rc:;.-j dro;? duo to c 4c

i= aly be *2;ctcI to be

Ila ?h velocity distrlbutlon eJlv b - (1) dx: nc rtzb orn:.Ito a~t the
entrunoe cros.sctioni =d~ accor vripy do-3 not Co Sito. i doc-ica~ strai~'1 flowt
at the xdt Tbeowes~ tze V l 1w r uiit U-iz* tlarou~ the cosstion

apa)

ori &,Qdu th banfo 5)wt

0 0 ~

rt - + F6

111 I r t Is, itho ack ,UUWO of o flow thes teX3 Zt tC co

at gravod* of th zm-atioul U= and vak the f rnor od. the bn

Ine ore Wt the axUofth 4;prittfOof Cme ty ocnterpmof~ tto the.~r) ;Ih fl
smpt±C4 U~n L*& webi obtai rvoma (34) withe ~ 4~ us±~ as~rezl

Ths aish ciS3 otheb cat~r o t utrds th ntwae n ~in d

rop (4). Test preducoa~ au tof ots17dwetoaz' th inur vidt the bonds? ~h

SAWe85gf'W dthe stagaydmnsater t xto he berd. ande as bec retedl twgt lu



3.

ZZ =1TANC- 0~ 1l,112 BUh'r He L 4ur=.

(oSi'throf he rDt

afl~4-w ich usi7z% (6a) ovi bo oV4Aud gr=

In itvelocty *hrqp ~xm u W u i .

Hw~~~~wer# ~ -acodqtoteU17O 1wG~ain ti hn nal

usn (a,(w8) rt

Th ma efethv. pwoe be neglecte as~n baZ ofuc&odrluaj&Imu

(La)

t"ic pi ir 1thnUserd utI

wths a~s4rn (7).(1O)l

tae Ownur drop (4). th 1imaa -Oroau;c

im P;48 mut ecme h txuz2 .. fLti.

fora~s bid= tae p i i 0m~toantW~bth omt
coffisbet %Wt bi *4 h t I),c hV h



4.
TIM Rt3ISTANCS fir gIFZ =M3 -~ HoLoa

Q AbreVIAt11gs W My7 vt2MOJ

am n iPlaeor (12)

This ;'ovIdos the =*114is table for when,,;- 0.01.

/a1 2 3 Ii 6 8 10
203 100.3 076i. 04215 " 0

For the out uaafdi quarbezmc~re ber43 or elb%-W3, V404a *ith

rfoot.Uzoo zumift awn uare-r entirely I-Ithim thn ras of Ooaoenab1. VMIU*e
Th9 show a vez7 atmrog rice with an inaeae of a/i and thu cOwlm the Peat
±finuene of the double vcA=~ ini the cros"Getion.

1.Phk. Zctsohr. ZO MAW%92

2e. 8ripht~ir& Lass of prozure in wtor flazing thriaW3 stradb =d curved pip*e.
rris* last*. CIV. En.lInorz* M 315, 1907

Davis in BOmrkua zu fthodarp Cumrve ist~oeln %ater pipes.
?rawl* Auo. So* Cive4. Z 63a&. 1091909.


