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Ferranent Pressers Drop Beaosursssnts Lo
Comverging - Diverging Plaln Aneull

By

A A M. Bastawissi®
ADSTRACT ¢
Mmmhﬂ-rmlupr-mﬂm:nw-m.
seants of pressure losses for turbulent water flow | Re( 10,000 ) in convergent

divergent plain annull,
mmﬂm“mmﬂmnmﬂ- foar dilferent

wpmali verd studled .
From thess expiriments, genesslized emplrical cordelations were deduced 1o

geacribs pressure josses lor turbulent water llow |n ihe conwargent poartion, in the
mﬂur and in vhe whole annuli. These correlations corrmlale the soperimen-

hin 2 8%,

L] prevsare lowses (or t plain annuli were (ound
-hmﬁ-flhlﬂmmqm;dﬁﬂ:':vmm . Two excep-
nemt were noted frem this goneral rule, when the divergence was Ereater
tham |0 degrees and the convergence angle was equal 1o of greater 7.5 degraei
pressure bosa over the whole annului was function of the &l angle only.
The ather sxpcaplion was when the divergence aaglt wad sbowt b3 degrees, prevmrs

kns ever Ihe divergent portion tock & Certam ealue irrespective the value of the

o, Permanent pressure loss over the weele seewius, g5, / €8
67 Persanect preasure loss over the ccoverging portion of the sonulus, g/ co

@P;  Permanent pressurs loss over the diverging portlon of the snnulus, 4o’
u Veloeity 81 the throat, cm/sec. e Lo e
e HIlhI:]ll angle of the forward inmer wall

cone | ¢

|
B 4 HHEWMAE“ al tilm“u:u

wall cone ( angle |, degrees.
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for water flowing in asnuii containing & transverse-hefical-fin hbes. Winkel (%)
studied soveral kinds of m;l':l-d annuli in which the snner tube had rings on it
surlace. His equations appl Reynolds number up 19 16,0600, No general correiation
can be oblained lrom this ;--tnipmn. ¢

In splee ol the mﬂﬁumnhﬁmlpmhhlmmm
ig no avallable dats conceiming [low themigh conwergen: annull. Therelore,
the ubijrcn of fhe peesent Sfudy’ was o obtuiis experimantally the momentum transier
charactenstics lor rarbulenl water {lew thiough conver gent-givergent annuli.

The elfect of streamlining  both the t and divergent sections ==
studied through the wie of lour diltercnt amauli. inner walls ler thesse snnul
are twn bite.to-base congs betweon then & cylinderical thnnlmvhqnw:h'
eqngls 1o the clearance Brreeen ihe mner sad cuter walls a1 the rwoar

Experimenial eguipmenit

T expersmental sciup (Fig.l-al comiksi 50 88 27 mm interral deamater,
S . | horizontal galvanized iron tube (test section), Along the tes: section
therg were & presters sliiated at certain chosen potitlons 16 Relp in tracieg
the changes o ench annulua. These holes were 1.3 mm. o diameater
and were Carelully deburred on the inside. The sach of the redn section were peovided
with flexible @nd jointa lor easy interchange ol the central rod carrying the bodies
that lorms the annuli with the tube wall.

The other cquipment used comprised a comtani head =aisr feed fank, a
centrijugal poemp and & calibrated orilice-mester. There wis & sulficien: calming
lengths 1o evidufe accwrate atatic pressure measwements. The oulput from ihe
el s=ction passed through a sullicient tube length to avold back prewwre ellects,
then recycled ip the comiant level supply wank used 1o prevert [laTuauions in

the pump outpal.

A masswmsiric Spilbm mate op of twae oclined U-lubs masomelers and ten
vertical U-vube manometers was ifed 10 aCcurately messure ihe premure diop
and [low rates of waner o mercury Uspogr. = [34) or carbon tetrachionde
igaghe = L1393 a5 manomeiric

Boders used 10 produce the anmular spaces with the tube wall were machined
from alsminum, in the shape of fwo base-f0-sve Cotws betwesn them o cylmdsyical
throat having a diameter of 10-73 dl as recommended by L.8.Cvena and 5. W. charchill
for minimum pressure loss [[0] iFlg i-2), Each annulud is defined by the hall-apex an-
gies ol tve Teo cones al its e wall, eg, sreshe LY0.5) mess that the
half-apex angle of the lorward inner wall cone | =<, |} equais 2.3 while
the hall-apex Indﬂnhdlwdhnnwﬂltnlim“h .3 d
and W on. Four differsnt annuli were studied, (2.3 / 2.5 2.3 7.3 annylus,

L 7.7, ) o, and { 7.52:5 ) anubs,

Two diiferent sirings were made Irom eacli anmlim with spaciags of 10 and
50 cm ::l-nm cach two successive annull. For esch ansull siring, the ﬂw_ rale
wan varied aned at every flow rate gaigs presssres af certain gpecilied papitioms
WETE reCurded,
Experimental resulls amnd discussion:

For each annulus of the four studied pomill, gouge pressuros recorded were
deiwn 23 prosawee profiles. A aemple plod from such proliles (s shown A Fig-2.
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Fig. | [=a ) Skotch ol experimental apparatus,

Figs { 1-8 ) Mrotagraph of bodies forming omrergent=divergend
anmull with the tube wall.
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Toml pressure lowl ower the whole avwive, &P 7, provisre (o oser the

SO Machia N Yhaw) portienl, &P . and preswure lous over
section (divergent &Py , were deduced lrom thew

wiummmnhm@lhm e

Values ol { &Fy) were tead dwectly from pressre profibes while (alP)) vakes
vera caleulated uning ml.uf- sguatlon (bY Paxing ® macranics] mnergy Su)-
ante for flew along & streanline from the annclus inlet to the smeulus theoat ).
Cilferences tetusen mrmih‘ulu-rtntllutlri | gives values

of tal,i,
-
In the o L loss ( 4Py ) n due W Iriction loise 1=
comvErgent IJI':‘-‘

4
Y . d,
‘"yi'.ﬂll ﬁ-ﬂl HI‘.TEE'I.M n“}'"?{flt

=

LT hlrl

--r:.l.tluul:- empirical leit coellicients and U iy the velocity al e
thesat Inaramum velocity).

wrmgaf o 3] lSreie wgre i,
‘ll. v K. .I.'.‘
R n K R
. .3
wiwl .} IHT [T
1 0278 0,738
e K:illllr;-l-hﬁl' .I.itl-u?il-ll“
2 ] >, ?
' -1.23 L
. n‘-n.nl-«;;-l il —]lJil”-E:—i“!
iy ~ ot “-ﬂ...l'l

a n!-nul-—gl-} . '“‘_"Ti:" S
ﬂ-n|-mmuumwl-?ﬁ1hhn!hh = & 1 ror feynalds saser
wajyes | tmed on the aoules sulalds flssster | or=tter thas 10,000
Jlgure 1) 1 mous TS (GrTEIfOndeSCs telueen sxperizsatal sAd smpirical data for
l.lr.!l.

:::T“ﬂﬁm-*ﬂlﬂl ﬁ-impu-ﬁlﬁlnn!r.ﬂ!
2

Fligiies (8) to 6) thow the elfec) of the convergence sigle (=) wiwl the diverge-
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I+ From Fig. % K| and henoe { & increases as engle { o decrpmes, For 1he
convergence pnrlln Posses e te Irictian, 5o when .Jl.le {n.-i } decresses,
the iriction mirface-hence &P -h'ﬂ-luuwd.lw

Fﬂ-l"k-!‘-hllllﬂu is less than L3 degress, K hm:llﬂl’;l
dunreates with angle hl:rmﬁl Oy == X3 appeals to
e independen ﬂnv}hlenfujlum or vafies utqhqn; ter than
!.!ihrﬂl..l;ﬁm -".’-h.*l.ih:m

For the backward portigh, leises are dus 1o oddy lormation and Iriction. When
fhan 3.3 the beckward irmer porthon s mote strcambingd
wakl 14 if flow separation occurs NCTEgss in the wvalue el

How stream a ﬂu::bhunuﬂumwur-n!lhumm
Thiz leath to & smaller wake ond @ decrease In the value of ( I-P,J'

i:i-

2
;

When angle owo has a value around 3.3 degrees, changes m o ihe value of Ie
in-:mnmm:ﬂnn-! the wake formed and hence an the v

is groater mhan L) degrees, the backward iner portion i short
Illl::gl dgre more pronounsced. The wake (ormed grows in sige with
argle G increass,. Angle n..lnnmrr-hﬂmnnwumulnﬂw::"m
(=l g excoedy the size of the bachwark imner porthon. 5o, the ul-u!uilnP.'l
(ncreases with angle O increste.

L. Frabn Hmi..itwhmut ) decroatas with angle S ncriase. The resiltznt
ol *he cllect ol angle o on | .nl’lhnd al‘!} lead 1o a decrmase in

mmuiﬂ,l

Far anplece, 3010 deprees and angleosy 273 eed, K oor |
|ﬂﬂmn? Eﬂgdﬂlm.ln s r-'m!'-}lhl- mtiﬂtinll ih;n-l J"'.'lhr:
W angle o ncrense -nlhctml,nmtdhrlmrljltq;nl
ﬂmﬂﬂ!tlhlﬂ[ﬁ?i’lﬂdﬂ_‘fhmiﬂ'llﬂh

W= From Fig. %, K and hence { &P} decreases with Cu g increare. A Thow
w1hmmw1mmhﬂ,m1lm:mm [ wiatd
portion. As angle 7 increases these back previure ellects dimunith and the How
lmd:llmu:ﬂtmﬂihﬂhllﬂhﬂrdprﬂmﬂhnﬂtlﬁ?)drﬂm

% From Fig. 3, K3 and hence [ & Ilmnqr‘hqa ictEases H & Carlams
valoe ol angic o ; bohind which | o P o) deciemes sith angle oy increaie. For
{ &aP,] eddy jowses are controfling. As angle Gy mirvaws the h%kwﬂ T Tkan
becomes slmarter, hence jeparddior #lects amd goddy fonnes are mishe
AT @ cermam value of angls G o thal depends upen the value of angle o The wale
feimed due o llow Ilﬂl'll.'bﬂ'r reAches & ceriam masirmm sizs, Tath pangle o .
wcrease thit wake decreases in ire hence eddy osses and ( &P, ) Allo decreases.

h- From Fig. & K and henrce { APy ) increases with angle ouz increase leddy lotses

'
i
5

ary e contrelling lossss) rill & cerisin value It-n‘lt:l-q = depends upon T
valve of angle Ihn'l H ang henwe (A ilh al : ml:n‘.'al:'
A wdily losaca a g, walues of { 1!' lu-drw-nm *Ilrnu:.-

and the sllect ol ml-.*n..‘,n{ nF.I.Iu :mlllr 1 iin rliect nnl.n.Fl.
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The man conclusions resuiting from this stucy can be semmariled » the
Ty mg
R Mlll“hmllwﬂﬁtﬁ}lﬂ.mlmm-
dvergent pliin annell can be treaisd ir terme of empirical loes cosfTicie
#nts whlch are functioms of flow rate Beside corvergence and &ivergence

ir me-:uwmmhm“ﬂmd 1o rﬁrmm.:m- branes
turhu ater law in EOMWEFREN rgen portion
.:ﬂlnth. wb&tnﬂnmrmﬂhﬁp:mmﬁuﬁlmlﬁ

(5 l'hnﬂhﬂurﬂvnmu than |0 degrees and Ihe convergence

angle s equal r;ulu 7.3 degrees, pressere loas over (he whole
annubus i3 hanetion of fdivargence angle only,

ik} When the divergence engle it sbout 1.3 degrees, presure lods over the divergent
portion taket 8 certain walug irrespective the walue of the convgrgence srgle.
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