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{11)
ARSIRACT

Rydrodynasic mtudion of diiute podiun chloride
anlt golutiom of one, twy and thres par cont concoritraution
in swirling #low on long hordsontal tubes snd hegt trenafor
studien in a swirl flow double pipe bheat exchanger wero
conducted. Two tudbas of 5,71 cmp and 3,81 cmag X.D..
and 350 cma langth and ons tube of 2,54 cme I.D. nnd 185
cus longth were orployed for the hydrodybntde studica,

Two owirl chonboers ome of wmild sloal hoving 11.50 onma
L.Dv and 1,60 enm I.D. tangentinl inlets nnd other of
pergpex having 10.30 cma I.D. nnd 2ive different sets of
tangential antrioe were umed for genmarnting owiriing
flow, An alusindun casted ewirl chapber, having asme
dimsnsions am that of perspex owirl chanber, was used for
the hsat tranafer studies, Only one get of tangential
satries of 1,27 ¢us Y.D. out of five sets wao uged

fax both hydrodynamde and hsat tronsfer ptudisg,

Predicted preasure dropa for off the runs
token for hydrodynsmic studies for various sets of
parassters were ¢alculated using Ehhmasfi’l) genoralioed
correlation for predicting presauwre drops in long
horizontal tubes for ewirling flow without reverssl.lt
vas obmorved that correlation wpa applicable for dilute
godiun chloride salt solutions also for the rangs of
concantration studied with ¢ 20 percont nceurncy.



{111)

Correlations for pradicting pressure dropy
for ewirling flow witbout revarsal for oll tha throo
tuben were proffpomdg which could be gpplied with

leas percantage of orrors.

(a) Fer B, = 5.41 ems, D, = 11,50 cne and D, = 1,60 cme
"0‘15 ’ "'0:965 b'm
| D
X8% ... x107 IM&] [.‘.’i..} [...n..}
Vo v ¢ Dy - By

-

Applicable with & & ¥ securaecy.

(b} For Dy = 3.81 cma, Dy = 11.50 onn and By = 1.60 cno

Apv;: =2,16 x 107 [DT., 1T‘15[S“E~T.%s[§§[m
[ ;h;]z vo

Applicpdle with £+ 4% mccuracy.

{e) For o, = 2«54 cnia. D, = 15.30 o and By = 1.2‘? orig .,

v T2 B

Appliogblo with + S% acocuracy.



{iv)

Eftect of chnnge of tubs digmeter; pir rato,
inlet wvelooity, salt coancontrations on prdssure drop,
alr core dinpmeter end lermg th were ntudied.

Overall heat transfer cosrficisntps for all
the three salt concentrations asing ewlirling 220% ond pxial
fiow o a double pipse beat exchanger were investigatod.
An qrernge increngs of 16 par cot and 32 per -éent
in ovarall hask frnoafer cosfficientsa was obsarved for cnse
of oo imfuced nir and induoced nir respoctively.
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_ ™o overall economy of a Chenical procass indusbry
depoudg ob how fagt are ite trangpart procesgen. Tha
rate of hent trgnafer or/and mapps Ernnofor is a function
of typa of fiow and bdoundary conditionz of the fluid at
tha surfaocs of tho exchangera. Thore Lo an everlagting
denand toO }mmmﬂ the podnt velocities oo t{m Reyunold
nimbar to Ry ﬁiorte precigely %o ’imma?? "_Bl'hm tranafor
coefficiontg nt mindoum 0f pressurc lbgse:t‘ and by
svalding ths coptly equipmant ag far ne popeidle. The
point velﬁdﬁiﬁ; el Bo inerénded by kaeping the -&antaci
tige (or rogidonce time of the fluid in the squipssnt)
nearly nome by swirling ﬂ.ew;p.

The muiriing flow inndde a long tube can be
genarnoted by aBy one 0f the following wethodg.

(1) By rotating the tubs through which ths
fluid 1g punped,
{11) By introducing fluld into the tubo with the
balp of guided -vanes,
(111) By introducing twigtoed tope in the tude through
which the fluid 4is pusped.
{iv) By introducing the fluid in the tube through
tangentinl inleta.



ALl tho above mentioned m?h@a;: have deen o
subject of regearch workesrs intersst, _Some of thenm
have deen commorcinlly used with guccesn. Heat trangfer
gtudies (20,22) in doudls pipe hept sxchangerg whils
rotating inner or outsr tubs have ghown an increase in
acnvective himat transfer. In a congtant power
comparipgon botwaen tape induced owirl flow and gtraight
flow hagt transfer studies (24) have indicnted that an
luprovement of 20-25 percent can readily be obtalnsd with
the halp__o! ewirl flow. Ganbil ob nd (11.35) bave shown
that in avirl flow ggmrated_bx twinted tapeg, burnout
beat fluxk could be as much az two ond half tisea larger
thon ths mxinl flow values at the onme pumping power,
Rirov(26) btan indlonted that an ovorall boiler efficiency
vag improved by nbout six percent by utilizing inserts in
the fluo gne tubes of the air preheater,

A oritical appraieal Of the available literatire
ond diffienltians obparved by various workers utilizing
different technigues of ewirl flow, have been dipcugned
by tharsa{2l), In case of rofating tube,zaintenance
of gaale and replocement of moving partsn becauss Of wonr
and tear bdecopen ¥ery expensive, Bince it ip not
pogaibdle to rotate the tube at.&jverx high rpm, only low Strength
owirling sotian can de produced. In case of guided
vahes tochnique it 4s difficult to produce strobg swirl.



Twinted tape totchantem prepents a gorious problen of
aslignoant of tuisted tapeg in long tubes.

Tongsntial inlet techmique for producing mirlina
f1ow appears to be good om(i_zl.) _a!aga it doay not involvo
oty moving parts and there ig no obaptructicn in the
path of the fluid flow. Prinoiple of wmrirl fiow gsmeration
can be undorstood by Figure 1.03, ahogirg, formation of
wirI:_!_.ua flow by two tangontial inlote. Ag the liquid
onters throngh a tangential, 1'1_11&!; Ho.1, it takos o
awirling votion and aé it mntu_th& liqﬂd_m the
tangantial inlet no.2, it ia pushed townrde the contro
of the tubo and give riss to ewirling notion, Thin gut-
riing motion can bs of two types.

{1) Forcsd vortex flow i1 which angular velouity
ig contant. The linanr velocity at somo
puint ig directly proportinnl to tho rodiun
from thoe contre of rotagtion.

(21) Froo vortox motion in vhich the momont of
nomentun 1o radially congerved such tbat the
product of the tangontinl voldsity coapanont
and radlug at ony point within the main body
of the liguld is congtant :I#

Vg AR ® - = ) (1.02)

Vhare wuig generally known ag clreulation 'cnﬁstam
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The gwirling flow produced by tangentianl inlety 1ig
more of free vortex in naturs (9,10),

Froot egquation 1,01, ns the radiug approachen
zaro; veloclty approncbeg inginity which $p hydro-
dynaedcally irpogoidle. The sxinl componant of veloctidy
has been raported to cavitate near tho csntral oxie if
the pgwirl strength is low. At highor valueo €f g'ld_.rl.
otrength a complats reversal of sziol cowponant wag
obgarved. Highor awirl etrongth give ri;u to vaccun
of such n degroe that a central air core ip produced,
42 the pystenm ip able to ouck adr at the asio of pwird
froe -some gourcs, 1f this alr pasonge io cealed, tho
Mquid 1tpolf vaporigss to give rise $0 a vaper core,

Tho phonomenon of flow remr:-ml in ewirling
flow had boen detrimental to hest and mase tranefer
Opgratie:}m Sharsa (21) 'han proposnd a techuique to
produce ewirling flow in long tubes without sny flow
revaraal, 1t natural or pusumntic nir Lo allowed to
onter at the axie of the tube.

Having overcoms the fiow mnrénl in ewirling
ﬂ_.av. this fiold has o grent scope of ptudies for academic
agz well ap induntrial interests and anppiicationa. The
Pregant work was under taken for corrying out hydrodynamic
and boot ¢tranofer studies nnd to inveptigato the flow
charpctordiotics 4in swirling flow of dilute godium chloride
aol'uum_l in long horizontal tubaéu Horeover., the aim of
ths presgent work was to gaperate data for marine industry.



Sodine chioride malt eolations of onez, two abd three

per cent concontrations were uascd to gtudy the effect of
Earious poromotars 00 pressure drop. nir core dismetor
and length in long perspex tubes {or hydrodymawmic studies.
T™wo tuben of 5.7 cus srd 3.81 cux I.D. ond 5,70 cma
long nnd ono tuds of 2,50 om I.D, alid 1BY cm long were
employed for the purpose., Mild stesl awirl chamder of
31.50 ca I.D. and a perepex mwirl chanber of 10.30 cos
Z.Ds wero used. Hild steel mswirl chasdor was provided
with one exinl and two tangential inloets of 1.60 e I.D.
while parepax swirl chamber with ono azisl and five
digferent alzo entiren Only 1.27 oo 1.D, tangantial
inleta of porapex swirl chamber wars usd,

Beporical correlations fo2 cnlculating pregsure
drope haove baan proposed whitch wore found in comfirulty
with tho genoral correlation govelopod hy Sharma (21) with
a saxinmum dovisgtion of = 20% , Preliminary boat trannfer
studise woro conducted on n double pips puizrl Now hesd
sxchangar, An alusimiom swirl chawbsr, having saso
dimanxiones ne thot of perspex msirl chanmber used for
hysrodynamic studies for generating swirling flow.
Wil usad, Coupressed sir a8 l1lov rate was
puspad through pn afr $n let bt the nxis of the
awirl. flow. Spmo met of tangentianl entries, 1.0, 1,27
e I.Ds wag used for hast tronsfor gtudies alasc.Hoat trotimfer
confficients bty using swirling flow and nxfel flow ero caleulat
ted for nll the thee concentrations of ssl? solution on variouws



Cenham?”
fioy ratos and hkeeping stsnm presmure ocotntent, On compo~

rison datuoon Overall beat trangfor cooffivients by
ewirling flov and nxinl flow it wap Cbeervad ihat

thoro wna an incroaee of 168 in ovorall hoat

transfor coofticients by using swirling flow, whan

00 alr woo induced and 32% by 4nducing pir at ths sxin of
owirling flos qb the rate of 5 Lit/min,



The ficw characsteristice of rotating aystona are
0f very much thaoretical and practical irportancs.In recent
yonre, o largs vusbar of experimontad and anslyticsl
atudise bas been conduated on dlfferont types 0f swirling
flovg. Sufticlent work has boen done hy variovs workors

on ewirl flou stosiverss flufd flow botwoon rotating
eylindars and in curved chasnalg,

~ Balatively much wordk Bas beon dons on
comproosible owirling £low ia tulws than ewiriing
iscouprenpibles flow in long tubes,

Fuirling flow of water in a pipo was studied by

Taibot (1) by usdng a long unperforatod tube in vhich
seirling motion wvos induced by rotaticg of a part of
the tuba, Swirl strength genernted was insufficiant to
produce flow reversal but o dtmpling of the axial velocity
profile at ths contre of th tude wns reported.

Blnnie and Teore {2) conducted the cxperinmants on
tha flow 0f n swirling water throvugh a proassure nozale.
Obgarvaticns vore recordad whan auirling water wos
dincharged downwnrds under praoasure through o large
perspes corficnl noxsle, It waa obmorwod that a boundary
loyer of forced vortez notion st exioted around ths froe



gurfoce Of the aly core and when tho gwirl was gufficiently
gtrong exial componsnt of ths velocity wae rovoerpad in
the uppar part of the nozsle close to tha forcesd vortex

zona .,

Binnic(3) almo obperved the flow ravorgal in
contre of tho pipe when mwirling flow wns produced by
rotating the pipe, Three aftornative regines wero obgorved
hy dye injoction techniques.,

(a) Doun gbtrean over the entire crues-goction.
() Up stroan near tha axip snd down gtrean nonr
tho tube wall.

(¢) Down atream nsar the axin and ¢the wall and-
wotroan in the intermedinte roglon.

Futtal (4) conducted owirling fluid flow in n long
perepex tuba got vertically and gurnounted Ly a oylinderical
tank containing a rdeg of guided yaos fur producing the
pwirl.Nuttal obosrvoad,

{n) At low roten of swirl, tho myianl velocity at
the pipe centre wna logs thnn the expacted
nxzionn velocity.

{b) As average axinl velocity increageg, Cantro
1ino velocity dacrengeg to n point whore it
roverpad in direction.

(¢) Ry turthsr increage of tho swirl by inorencing
tho nvéraga vertical velocity, centra lins axinal
-velocity wns pogitive at the contre Bubt nagative
in a narrow region bestwoen tho exisc end the wall
of the pipe,.



Regina obhgorved by Binnle (3) wore aleo mioilar
although Binniofs mathod of producing zuirl wag difforont
than thet of Duttal,

Koith nnd Sonju(5) studied the docay of a 1liquid
ovirl inducod by twviotod voatal gtripe in o omo inch
pipo, H> obporvad that ewirl docnyo to about 10«20
porcont of its initinl intensity in n distance of gbout
50 pipe dinmoteres Tha docay uesd to bs nore rapid at
puallor than at lorgarc Raynold numbarg,

Place ot al(6) atudied tho bobaviour of air
Nowing throush o wpray drior by coploying tracor
tochnique,. Thay found a regiom whore n core of volocitice,
opposits in Afrection to the primary f£1ou cxiasted. FTho
experimants roveasled tho prosence 0f n zZonoe 6f reversed’
flov and thoy ohgorved o reglon of dowmward vortical
volocity located dotwaen an upward central cora and
an tpward vologlty region adjacent to tho wall,

Flowv rovareal is not lintited to cylinderns along.
1t cxipty in oirl prosguro nozszlep pnd cyclons gopn~
rators, Bitnio(2) found that varticnl volocity
couponaant would rovorse itsolf in tho uppor caction of
the nozzlop undor propor conditicns of focd prossura
and guird velocity.

Eolpall (7) obtaimod velocliy moasurcnontas in
¢yclons peparators showing a volocity coro along tho
contral szis opposits in direction to that vhich cxigtad
along thy wvall,



Swithborg and Londis(8) studioed tho convoction heat
transfaor charncterigtics in tube and volocity digtpie
bution by ucing twisted tape gwirl gonaratorg. They
concluded that,

{a) Tho sxial velocity remaing nearly constont
over most of the cropgesoction, while tho
in plane coxponanta apponr to bg tangontial
prd Indrespe linearly with radiuve.

{b} Tho voloelty f£isld is halicoldnl and
corracpondg £0 a forcod vortex in tha ¢core
guparisposod on an easontiglly und form esxial
Loy,

Thoy expliained thnt the tw;gta wero ragpongible
for the doubla vortex flow potiern.

Bragan ot al(9) studied the pririing of wator in
n vortical tube in which pwirl was produced by tangentipl
Anjesction of wntor Irom ths bottou of tho tube, Thoy
studiod tho progoure and veloeity profiles to elucidato
some Of thn factors governing tha phenomonan of revorged

flow, Thore conclusions regsrding pragzure profile
wearo 38°follovs -

(a) Tho atatic pressure profile plong any radius
of tho tube always chowsd n minimum pt the

cantre with more or lazs stendy ivoroase townrdo

tha wall.

19



(b) Thy ptatic progsurs mBaasursd at thy waell
docronpad ptoadily doum gtroan Lyon the iniet,

{c) T otatic prosouro profilo am woll ag tho
pattarns of 10y eotadlichod by the nxinl
rvalositiae wore primarily controlled hy
thy wariation of the tanssntinl voloctity pnd
itpg drcay alon3 the pginl direction. Eoundary
lnyor grouth appoarp to bo rampongible for
ths doudly rovorgod flov,

(a) Swirling ; flow producod hy injooting untar at
contont rate pnd tangontially into n cylinder throurh
o partos gituatod diomotrically oppooite to each othor
ig found to B cgtoady and appraxinatoly cylindariconl

and conxinl to tho tubs. Howaver, vhan tnjcotivn of wvator
wag rogtrictod throuch are holo only, n opirnl core wan
producad and tho cylindorical pyurotry vas doptroyod,¥

(b} Radial valocitiog ware glunyn einll compored
to tangontial ond mxinl veloeition oxeopt 1n narrow
rogiona nogr the inlot and out lot of ths cylinder.

(e} Tha tangsntial voloelity profile accross a
radiug ghowod tho volocity to incroass fron zero at the
centra £0 o mexioun at a redius upusily loss than bal?
ths tuba rediug, to kiop stoady for a furthor digtanco
and then to fall to zoro again at tho wall indicatding



that the £low wap sesentinlly forced vortex in naturse,

(4} Ths maan £angential velocity, averaged
acerosp a digaoter, atondily decreapod down gtreagn
from the inlet,

(o) At low rates of flow the vertical velocity
wag upward thronghont ths aylindor. Howaver, at higher
rates of flow there wag a reverased of flow ot the pxio
of the tube go that water flowed downwards at the
centre, roversed direction nsar the inlet and flowed
upward near the wall.

Eing ot al (10) in their invegtipgation in ewirling
in compregoible tubs tlow toohk a pysten plmilpr to
Bregan{9); ntidies were carried out in a 2% I.D, tent
soction of blexi-glase tubing 10 feet long beld
horizontally. Swirl wnpg produced by injecting total fluid
through two gymmstrisal tangontial inletqg,1/2 tnch
dinmoter, Thoy obtained gtatic presgure and velocity
profiles Ww uaing prodbe technique. Theno profileg wore
detorminad for test section axial flow Roynald numborg of
100005 15000,20,000, and 25,000, Following obsarvation
woare conclnded for velocity profiles.

(o) Flow could de roughly divided into free nnd
 forced vortex reglons.

(b) At tho centre of the tuba s region of raverce
oxinl tliow wag Obperved, Thoe rediug of thia
region decresses with incrensing Z/Ro to zaro.

12



{a) Ths curves Of the tnngential veloeity/inlet
volocity versus Z/R, vere developed as
repraegentation of tha gwirl decay.

From preggure profileg, they concluded that the
gtatic pregpure at a given WRQ inoregpan monotonically
from the contro line to the wall. With ineressing Z/R,
the mngritudn of this gradiant decreapen as the gradient
produting owirl decnys. At the centre line the axinl
Pregoure gradisnt ip popltive for conplderable dietnnca
from the tudbe, ‘

Gonbil et al meaoured lothormod fidctfion factor in
their gtudion on swirl flow heat transfer of wgter (11)
and ethylone glyool(l2). For exfal flow of glyccl through
a 1/4 inch I.D. tube, the friction factors wers cloco to
the gtandard Moody curva{ld} for cnme relative roughness.
In ctoe of glycol, the igothermol Ifriction fectors were
in repsonnble ggreement with the generalizad ewirl flow
friction factor correlation developed for water and
air data (14},

Derglep ot al (15) carrded out gtudiag in rough
tubog with tape generated weirl flow. Prosgure drop
data for a varisty of tubular tept cectiong, with a
low pregoure watsr gystem wag token and alao varioug
combinationa of tube roughnegs and awirl fiow wore
tried. YThey pmbued an epprepgaion for the isotherenl
swirl flow fDrdction factor,
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Shirivagtava et al (16) carried out the pregsure
gtudliss in two phase flow uxing gwirl gersrotor astallic
striva. They ctudiad the effact of twigted tnpes and
liguid phago vigeooity in ths two phapge flow in horizontal
pipes. ¥Water and Glycerdmo-=whitar mimturen were smplaysd,

Sherma et al (17) carried cut gtudies on the
stability of pwirling flow in long hordzontal tubon,
On ot and complete developmant of air core {n pwirling
flow in long tubapg have besn phown photographically.
They oboerved that injecting of air at tho axinl of the
ewirling flow in long tubsp improves the longth dlameter
and vniforeity of air core,

Kumard N(18) studied the avirling flow in double
pipe hegt exchanger with o swirl chonber having five
difterent inlat diameterp entiries uping watear and thres
conpentrationg of water slycirine solutions and gteam
ag the hopting modium. She proposed a correlption to
agtinats Noat tranefor coefficient for the guirling flow,

Rao and Sharwa(l9) sgtudied the perfarmance
of ptesl gtripg of differext pitch to diometer ratios
an owirl garmarptor in forced convection heat trencfer,
The tegt pection was electrically heatod and fluid upad
waoe water. The heat transfer coeflicient was tound
to ba pn functicn of piteh and mynold aunber end 1tg
valus increapap with imr-ajﬁi Agﬁbar of twintos wto o
particular vnlue. They propoped a dimenpgionlegs corre-
latlion for hent transfer coefficlent, .



- Backor and Haya{20) obtainod cxporicontal data for
dltforant typos of flov in an annulug with an immar ro-
tatisg ¢ylindar, Tho haoat tranafor data wore gubdivided
into the following

(1) Axinl flov with zero rotation
(14} Rotation of inmor cylindor with zoro axinl flov
{444) Conoral cneo Gf conddnyd nxinl flovw and rodation.

The hoat transfor data wars correlatad in termp
of Roynoald mmber and Taylor nunbor over a wide range of
thaso varinblsg in toras of fairly simpls aquations
for the rotation of immar cylindor with zoro axlal flow.

Sharoa (21) carriaed out invoptipations in horizontal
tubss by taldng differont dismaters ranging frou 18 o
o 57 aa porpex tuban, Ho gtudfed tha offocts of
variots paramoters guch np tudo dismator, tangential
ontry diapater, 1109 ratos and vipcopity on ths ptabiliity
of gmririing flow in bordzontal tubss. Correlations for
progoura drdp: air core longth and dipmotoer of the alr
care have boon propoged. Ha obporved that highor
rotos of air 40 not holp uueh in incroaging tho alr
core dinmotor along tha length at the wpotroan side
of tho pir core howewar, it increanpon the gir core diamter
touards tho doun gtreon side, High ratos of flow of
alr c;&a%??ttm gora  at tho donstresn gide,
Forther, ba obssrvad that BEPH o2 gwirl drcrcasos in

tha direction of tho fiow,
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84ngh and Ghoph (22) astudlad heat trannfor in
concentric heat cxchanger with rotating imnor pipe,
They proposed a correlation for hont trpnsfor cosfficiont
uging wator and molases.

Sharma (23) studied ovorall heat ernnstur'cnéfii*
clent in p double pipe beat exchangor using water and
steam an heating sedium and reported gubstantial
ingreaps 1o tho ovorall heat €ranafar cocfficlant hy

puwlrling flow,
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Tho gchemwatic dingram of ths experisental sat
up uped for tht pressnt ptudies in phown in figure 5.0l
and n photogroph of the game in plate 3.0%.

It consipts of two foed tanka (1 and 2) equipped
with overflow and discharge conmectionn. Salt solution
ranging in comontration from 1 to 3 percent wag
prepared by digpoliving sodium chioride in water in the
fead tanka, Two tanks were go connected to the gsuction
of thes pup (3 that liguid could bs guchkod fron any
of tho tank., Centrdfugal pump of 3 E° and 12 * size
was employed for the gtudies. Tha diocharge 1i.na of
the pump wnn divided into three partss and all the three
parts wore oonnected o a cwirl chanbsr (&), MLld pteol
gwirl chamber of 11.50 c# I.D. and o parppex gwirl
chanber of 10.30 en I.D, were used. Mild gtes)
avirl chpmber wng provided with ione mxiol (5) and two
tangontial inlet'p (6) of 1.60 caugI'.D. while permpen
gwirl chnuber with one exiel and five differont alse
tangontinl untﬂaé; Only 1,27 emI'.D, tongentinl
entiren of porcpox owirl chamber were uged. Ah air
inlst (7) wong provided for pumping afr at tho axie of the



swirling flow, One end of s lemg parapsx tube (B)
was fitted with the swirl chasber by stuffing bex
arrangesents while other ond waa lkept open o tha
atuosphere, Two tudbes of I.D. 5.71 omo and 5.81 cxe
and 370 ena long and ote tube of I.D, 2.54 cma and
185 cmo long were usad for the purpose of stndies.
Inlet liquid pressure were meaqured by meang of the
cnlibratad pressure gauges (9 and 10) .Liquld dischnrge
feim the poropax tube was taken back in the feed
tank, Gloda valves were usad to regulate the flow of
the liquid in swirl chambsr and tude.

A trolley nounted coepressor of 1 BP and '
working presosure 9 atm was used to cupply compresoged
air gt the centre of the gwirling flow, ¥Flow rate of
tho nir wao wsasursd Ly means 0f n wot gng meter (11).

Sodium chloride salt solution ronging from 1 to 3%
concantrntion was prepared in the feed tank By diesolw
ving eodium chlordide in water. Coxpressed air
was bkept ready before starting the pump. Pump was
gtartad sfter priming aid Opening all thbe appropriate
valves of tha flow path. The pressures, in the tanpen-
tinl inlet lines of ths swirl chanber were sgunlinsed
with the belp of the glode valves and prosoure gauges

and providad gor this purpose.
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Vhen tangential inlet velocitiss were high encugh
to give rioem 0 a fres vortex type of motion, a cantral
alr sore coaxianl tO the tube waa obtained to o long
distance in the tube by supplying compressed air ot the
sxin of the flow., The feed dimscharges ratep woere sepsured
by callecting the liquid in a bucket for a known interval
of timo nnd tbhen measurdng the volume of the collected
iiquid.

Cathetonster was employed to peacure the dinmeter
of the plr core alpomg ths full length of tho alr core.

Air curs length wan measured directly by o gradusted
scnle fitted up at the top of thepermpex tube nlong the
length. AL>r flow rate Qal msasired Ly wet gas flow wmater,

3.0%

The schomatio dingram of tha experimertal set uwp
uged for tha best transfer atudies is chown in figure
5.02.,

Tt congists Of a foed tank (1) flttad with cooling
goilp(2) . Liguid wne recirculatod to thedeat exchnnger
after cooling &n the tank., Thias ¢tank alpd sorves the
purpldde of receiving tank, Ligquid was pumped Ly o
3 H,P. etninlass stesl centrifugnl pump (3) to the
erirl chouwber, A Y4y pass valve (i) gnd control valves
(5:6,7) wore used to coutrol the flow. Inlet pressurse



0 swirl chamber: ware recordad by ealibrated pressure
govgrs (8,9 and 10), One end of tho imner tude of tho
soudle pipe haat exchanger wpa conneo: tad with tho awirl
choabar (11). Swirl chasbsr mado 02 nluminium, having
103 cus internnl diamstor end provided with five tan-
gentinl inlata of difforent dismotors loeated diamo-
trically opposite to each othar. Innor tube orf double
nipe boat agchangar wves a stainlesos stasl tude (A2)
having 0.0, = 3.18 cme and I.D. 2.84 emo. A longth of
114.5 cms of this tobda was st aam Jaclketod by using

153 " stool pipe (15) nlong with othor necessary
fittingn, Bagt exchanhger was insulated with asbastoa
rope and comontad with plastar of paris t0 sminindoo
the hast lozsas, The sntirs assombly was suppartod on
a wild gtoal gband.

.04 PROCEDURS FOR CARRYING OUT HEAT TRANSYER STUDIES

The endium chloride onlt solution (ranging in
concentration from 1 to 3 %) wae prepared dy dipsolving
KeCYl esalt in water, The stainless gteel pump wao stnrted
aftor opening »ll the approprinte valven of flow path,
Coaling water was allowad i:o pnan in the cooling coila
of the fesd tonk. Now eteam wng snpplied from the odl
fized batlsr in ths double pipe baat exchanger. Steam
prossura wan controllad by the holp Of valves and preastire

~ U



—

T . AR . -

S3IANLS JWVNAQOHAAH ¥O0dJ dn 135 IVINIWIY3IIX3S

0t 31V1d

e

=




> HINLS JINVNAGOHCAH H04 «n L 4S WINIWIdIdXT I0E Oig

N0
7 NV NHC
¥313NW S1FINI IVIINIONYL g Q
FMOT SYO 1IM 1L LN Ivixy g
S30NVS WNSSIYEIE  ¥IBWVYHD T8IMS 7 T ]
38NL X3dSY¥3d 8 dWnd TVONLINiNTD £ €
IATNL IV ¢ SYNVL 0334 ¢
~—r—
4
Z , A
L |
eI/ qd31vMm




- — e —

SAANIS H3aSNVHL IV3H 304 gN 13S IVINIWIEIIXT 20°€ 914
I Lﬂ*@m 3INTVA AL34VS el
r 38Nl H3NNISS 2
HIBWVHD THIMS il
] 7ol
L VSN ICNOD S39NV9 3¥NSSIVD \gq
J S3NIVA 38079 9%
L 4 AATVA SSVd A8 Y
| dWNd TWSNAININTISS €
0D SNII00D 7
* ) MNVI 0334 )
A 1 - N
t L _
L | )
M NIVHG Gl %
I 1YM %
F G100 ANVILS £l

71




21

gnugas provided for this purpogo. Inlel preasuroes oOf
the tenmontially / sxinlly esitering 1iqnid wors notad by
tha holp of pressure gauges., Ths inlot and outlet
tonperstures wers recorded by masns of o thermomoter,
Dischargs rate of the 1iguid was usasured by ccllecting
the liguid f0r a imown intsrval of time and thon by
magguring the voluse o0f the eollocted liguid, Only one
e3t of torgentinl ewtiion, wns nzod for the ctudiesn,



In any flow gygtem Or procagg propgure drop ig of
vital Wwﬁanc? from ths point of viev 0f decign and
econony of tho pyaten, In the progont gtudy total
praqmzra_ﬂm wap moasured by msasuring the inlet
propgureg of ligquid £o tangential eontrdes with the belp
of ca‘lihmi:?d Prepoure gaugan. Ap tha 1lguld 1y dio-
charged to zimoophare, tha inlet pragoure of ligudd to
tangontinl antries gilves tho total pressure drop in the
eyoton,

The total pressure 4drop in thos syoton can bos divided
drto follouwingw "
(1) 4Py = Pregsure drop dus to friction in tho
tangential entry pipog

(11) AP, = Pragsure drop dus to sudden cxpaneion
of the 1iquid in the guirl chambor.

(111} APy = Radinl pregsure drop at the awirl chenber

(1v) #p, = Pregsure drop dus to gudden contrpation
of crosp-caction

{v) fPg = Prepgure drop dus to lfquid fiow inoldo
ths tube

Thug total progsure drop
AP B ﬂpi"‘ﬂpa *&s*ﬁ;’&*&s TR (il.Dl)
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Propsure drop in ths line, though which liquid is
Pod in the awirl chamber, can be cslculated by tho help
¢f Blaushs frdction factor aqmt:l.mu

'&“‘ 4 '%— 28 SEERENE RN (ﬁ.OE)

o
Where £ 1o the length of the faed pipo

(11)

Ag the -crm_zv.:rmtian of tho inlat food pipe guddenly
enlargos in tho gwizl chambor, the fludd gtream poperatas
frou the wall ond lseuss a Jot into the enlarged poctiim
of the guirl chosber, The get thon cxpands t0 i1l tho
antire mruéﬁamctian of the awirl chamber, Tho space
botweon tha cxpanding jet and gwirl choanbar wall ip
filled with tho fluld in vortex motion and congldorgdlo
friction 1o genorated within this cpace. If the volo- |
oities at tho two croag-sections aro V; and V, thon tho
Pragotifo 4drop can be £ind oul from tho following
aquationn.

=4
-.&u - CV-*?) ERRER Y (11105)

Radinl proggurs drop at tho owird chanbor ean
b ealeudonted from Navier-Stoken oguaticnm an



N2 . ’
%.ﬂ. -'é*GT [ "‘R‘:z"'" '*;%a-":] ;6!15(1’10&)

o
Whare -"-1s a ¢irculation congbant and givom no
ow VY X R, ae s s o {l1,05)

pnd V!.a in tongentinl componsnt of vologity at the oir
cora .,

(1v)

Whon tho ugud entar~ in to tha pipe tro:s owirl
chambor, t!;:a cropg-gection of tho pipe ig nuddonly reduced.
The flutd ptroan con not follow pround the gharp carner,
and gtrann brogks contact with the wall of tho pipe, A
Jot ig formad, which flowg into the gtapnont £ludd in

the ¢mlilar gaotion, The jJet firgt contracts and then
axpande to £111 ths s mlloer oropo-goction.

Tho 1ogn fros sudden contrpceticn io proporbional
o the volocity hapd in the swalleor pipo and can bo
ealoulated fyom the eguntion,—
w
. gﬁ K, g (4.06)

c aga l\i.lii
For tubulont flow Kﬂ‘ = Q.4 (l-sbfsﬂ v (b W07

Whare Yb is tho average velocity in tho downastreat
paotion.

(v) Progmure Drop Due To Ligudd Flow Inrdde tha Tube
Frictional pressure drop due to lquid flow ingide




the tube can bo #fnd out from Blaugliun friction factor
equation ag-

i}
L v
‘&n- ‘ an—&ur eA— o "
¥l =1 egu 'y (tl 08)

B, *
Tha avornge velocity V can ba caleulated from

tha aversgo tongsntiasl eomponent CV@Q) ond avoregoe exial

component {Va) ap under:

Vo= iﬁ"" V‘g“} »y 43 ;.(4-09)

Avaraps ogial component of veloeity con bo cn;cuiatud
from tho total lignid flow rate divided by the croas-
gactiofial area of the annulue.

Va‘u _%:. | -iliiii(z‘DM)
o

The avarege tangential componont ¢an ba find
oul by tnkdng thoe avernges of ths tangontial
- eomponant of volocity at the air cora(Vy, ) ond tongential
cooponont of the velocity at the tubo radiup (V@a_i .

VE + ?ﬂ '
vmw ﬂ 3 lill(ﬁin)

The tangontial component of volooity at the alr
core can bo avaltuated by taking rpm of cvirld with tho
belp of a gptrobgeope.

Vg, =D, X X -S54 voea(l,12)

Tangentinl component of volocity nt tha tubs
radius cnn bo calenloted amt



b
Vo, = Vp, X ﬁf" oo (0.13)

How Imowing ths valus Of avernge volocity thH

the Roynold rumber (Re » D ¥ o/ ) can bha caleulatod.

Dausiuns friction factor ean bhe calcuintad from the
aquation glvon below ¢

: G.25 _
f = 0.079 / Re R T 1))
Tinaay ogquik¥nlent lenghth for awlrl flow 45 given hy

v
. .. PP llql
v eae (he15)

‘Ita'-' Itap' s
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Experimental runs were taken for diluts goditm
chlardds golution of one, two and three porcent comeenw
trations, Btibct of tangential inlet volooity and air rate

" presgura drop: oirocore diameter and longth ware
atnﬂied for a1l the three solubions, employing thres tubaa
ot 5.7 cn 3.81 coe and 2,54 cmg 1.D. BIfsct of tube
dinmater and wirl cheambsr dicmeter on _Prespure drop
ond aig cire dinensions were also mautiajate&. Hoat tranafer
studies o o doudde pipe beat sxchanger wore slso carrded
out to study ths affect of awirling flow on hoat tranafor
coofticionts,

All the dgtn collactad fm awirnn; flow in long
horizantsl t.utm for wdrﬁ:nanio studlen Can da divided
in threas growpy 200 the purpnaa ot diwuaaﬁan,

{1) Br#at of vmm pmmtara on pmam drop

{41) BEffect 0of varicus parnmaters on sircare
dinmmter

{111} Bffsct of vnrxaua parnmtera on aivcors
length,

Prgn;nro drop data for vgriau; :tht W.'Locitie;
and pdr raten for 1 to 3 per cent golutions are recorded
on $ablag 5.01 to 5.03 and tables 5.0% to 5.06 for 370 cn
long tubos of ID. 5,71 oms and 3.8) omg respectively. Swirl



Chaubar of 11.59 cn XDy and 1.60 oma Sangentinl 4inlat
dinmetorg ¥ng dood for thess axpsrimonts.

Similarly in tz_:ma; 5,?7 to 5.09 pra;a;urs drop
dnts for vorioug inlet woloocitien ond air rates are tobul-
ated for 1 to X% colution concentrations using 2,54 cus
I.D. and 185 ¢no long poerspax Sube, Swiyd chuﬂbgr of 10.,%0
cm XD, and 1,27 ca tangential inlet diamoter was used for
thege rung.

Bereot of liguid tnlat velocity on prg;;m drép
far dirroront pote ot_mrnﬁug canﬁitimmaro whown
arugh.tcauytin ﬂgm_g“!nc}l to 5.0%, {t«"in olear froa
thogse graphs thot pressure drop imerensos with increase 1o
1iquid inlot velocity. The effect of changs of tube _
dismetar $a chown in figure 5.01, It can ba gesm frow this
plot that for a particular value of tangential inlet volo-
city, preggure drop in s owaller dipmeter tudbs (3.81 cm I.D)
i more than tho digger diameter tuds (3.7 cma).

Betacd at_m n‘}ti; on ma;un drop for varioung
oparating conditions are shown in tabtidar fore in tadble
3.01 to 5.09 o nll the E{xﬂt‘ nalt conoentrationg gtudied,
Refact of oir rate on pressure drop is aleo ohown graphically
- in figures 5.02 at_:d 5.0% fer only 1 percent mnlt concontration
and difforent poto of vardoue opsrsting conditions it conm
be acen froo tf_:uee plat o ﬂgnra_s.oa and 5,0%, that air .
rate doeg not peom to have any plgnificant effoct on presgure
drop within the range of experimental conditions gtudied.



(b) For 5.81 cus :m. tute, 13,50 m 1Dy ewivl
chasber diamsbor, 1.60 ong &awﬂm inttn d:tmtam ond
tor 3 to 3 perewnt agn mn&rgﬁm the the following
corz-eiguan in proposeds whileh is applicable for tie
above ped 0f wariobleo with M6 acotiiecy.

%% _ [ﬂ}w.u E&] «0.063

[E }&.m [-&-] " vrre (305

(o} P 2.856 oma 1-:1)». tubey 10.30 w*!-ﬁi ;ﬁué
chamber dlancter, 3.27 cox tangantial fnlets dismtorg
and mztuywma concsntration the following
¢oerelation o propossds which fs applicoile far tlo abowe
#at of varighlse with & 9% soourecy.

]“’ R

e BLT vv++(5.06)

mn st.m t0 5.05 unﬂ 5.0 to 5.06 @.w ths average
alr cove Alemter for varituz nld volocitiec, pressure.
drips and air rotes for L to I8.salti, emoentration, uoing
5.7 om and 381 cwp XuDe ond 370 cez lonk perrpex tuds,
8wirl chanber of 11,50 ows dismetar nnd 2.60 cws tangantisl
inlet dinetwrn wap Used Lo these data.



Eghlt;x 5,07 to 5.9? glvre th»_eiu:.lnr intormation for
2,54 cas I.D. and 185 cas long perspex tubs for 1 to 5
psrcent galt comntmﬁm; Bwirl chagber of 10, 30 one
I.D. ad 1,27 cma tnnaontial inlete wap employsd.

Air core d.tantu‘s uamd a%ona the tube axi.;- by
cathetometer for all the threa tuben are tabulated in
tables - 5.13 to 3,13, Average air core diamtere have
been calculatad frow thase tables only.

) Vardation of alr coro diamaters along the tube axis
are shown in figure 5.08:° . Ik con rogdily de goon from
this figure the alr core digmster docrcanss frofypetrean
to dowmntresm edde and £inally reduces to zero,

BIftoct of qutzid inlet velocity om atr ¢oro diameter
for differant gota of apemuug conditionn are ahﬁwn
grephically in figures 5:09 tg 5.11. It caon ba asen that

liquid inlet volocity he no significant effoct on eir core

diammeter,

Figurs 5.09 showa the effect of tudbs diametor an
elr core dlamatsr, gt 1e clear from thig plot that alr

core diametor roduces with the reduction in dismster of the

tude.

Htiho*b_ar #alt concentrations on alr core dinni.:ar i

grapniuaw_uhmn in fMgure %5.10.If L9 clear from this
curve that oplt concentration or kinenstic viecopity dosg
not Bave any appreclable sffact on aler core diaseter.

36
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_ The dota taluiiated in tadle 5,01, 5.04 and 5.07
showing effect 0f air rote an air pore dignster are
plotted in figure 5,11, It can b nobed from £85,5.11 that
al® rate docs not seen €0 bave any effact on alr core
diamoter,

()

E’ﬂhl&n 5:'51 to 5-33 and 5-% to 5.06 @W ﬁh& alr
oore length for varicus inlet veloccition, pressure drops
a!lé alr ratay for 1 to 3% endd eoncontration, using 3.7
cay and 3.81 enp %.De and 370 cmn long porspex tude. Swirl
chasber of 10,30 cur Slsmtor and 1,60 cug bangential init
diamotars wan voed for these data. Simdlar informations
are tabulated in table 3.07 to 5,09 for 2.54 cus I.D. and
185 cms Yong porspex tubs. Swirl chanber of Ia__‘m“mg
1D, and 1.27 ¢ns tangential inlets diametor wae uoed for
the ruans tabulated in table %.07 to 5.0,

hd "~

Datn forr olr core length for different sotne of )
mmﬁiﬂsﬁﬂmﬁiugna at Tarious liquid m&vulwﬁ.ﬁm ore
plotted is figwes 5.2 to 5.24. -It can be peon that alr
eore lungth inoreases with increass in liquid inlet welocity.

-

Et!act of tude diameter im ghown in ﬂgnru 5.2. I{',
13 obaerved that the ail¥ core length inorepses with ,ﬁmvanuo
in tubs diometor.

i‘o;homeheezm of air rato on alr core length,
date wero plotted in figures 5,23 amd S.14 and it vas
Observed that change of air rate did not .have any appreciable
effect on sir core length.
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Pmsm drop as a function Of mmaﬁon of

miution platad in figore 5.0&\. The ﬁ.g‘u;tm chowg that tho
oregoure drop inorenses with increpss in ealt concon—

tration,

Higher porcentage of ual"t goncentration could not be
stud:tod Bacauaa of corropion problemy of ths pumd and
other parta of the eguipwent! DRy fncrenaing salt concen«
tration from 1 to 3 percent any mm:l_md nfﬁ'sa? totild not
be noticed sithar :19 change of pregoure dropg o on aglrcore
longth and diapeters, |

Eﬂoﬂﬂi.‘-&l“cof.x"'»elatim for m;;nra arop rropa;ﬁt by
Sharen{2l) for cwlrliog flow without reversal-in long
horizontal tvban g+

Q.15 5] ~0.063 4,18
s m (23] B (3]
2.6
E%‘J .o (5.01)

On roarranging the above correlation can ba written ae

® = KV cerrece (5.02)
:M:T-n a | [?]‘0.15 [ﬁ ] 0,065 [E_]h 18
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Pradiated presyure drop for all tho runae :or varioun
a&ta of paramtom are caloulatad by the help of adove
correlations ond vmluca have been Sabulated in table 5.10,
5,11 and 5.12 undor the head predictsd pregsure drop.

__ Figure 5.05 to 5,07 ;how the variation of predicted
prossurs drop fron experimental prescure drop, It Dag baan
obgorved that oll the data fnll ix botween 320% deviption
linse, as enid hy Sharma,

The corrvlation developsd by Sharma (21) for the
culcnl_.ati.an of pragaure drop fo@ wwirling flow without
reversal. in long horizontal tubag 1a~apylicah1a for all
pots Of variablecl.e. tube diameter, pwirl chamber digmeter
tangentisl inlot dianmeter, kinematic vipsOpity aend denatty
with £ 20% arcurncy,

Fox nll tho three tuba; ;rtudiad following cmelations
are proposed ghigh_oan an!ul.v_ba applied with lens percon~

tohe Of errors as shown agninst each correlationd

(2) For 5.7 c-; X.D, tube,11.50 cm; I.D.8wirl chomber
diamoter, 1.60 csn tangontial inlets diomstere nnd for 1 to
 percont galt concentrations the following correlation is
propoped, which in applicable, fLor the above set of 'mriablau
vith +4% accuracy. |

v e [ | %
ﬁ.p = 2! / 2 v é -ﬁ—
'.6
[?T vees  (5.06)
3

18
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The higher flow mte; of air dm; nok ;sam to have
any advantaga: The alr cors length and dlamator remain
more or le;- sane with the change of air flow rate.

Hmwn :;tmtifi&ation of sir gore langth at the dmmmam

eide uturﬁg at higher flow ratua of alr.

To bogb whothor the mﬁa:: of hent trﬁnafor ara
sohancad in ewirl flow, ovorall heat trpnafer emfmmm
wers cxperimentally doteruinsd in a doudle pips hoat exch-
angor for pxisl ond swirl flows, Ingide tube of ID 2.84 -
eng and longth 114.5 cos and o ewdrl chaobor of 1010,30 and
tangontial inlets 1,27 ctis wore tuged in tho heat exchangor.
Tho oporating variables wore adjusted €o give astadle air
care of length noarly squal to the lorgth of heat cxchangar.
The expericental dota ove recorded in Tables 5,16 and
5,17, Figare 5.15 gives a comparison of over gll beat
trapsfir coafflclentn for awirling flow and iinear flow,
Ar nvorago increase of 16 percent ond 32 percont in ovur
all Moat trotgfer cosfficisnts vas obgerved for case of no
indused alr and iuduced air respectivoly.



TABLIE «

Inside diameter of par&pu tube
Lergth of pergpex tude

Inside diareter of svirl chamber
Inside dlapmater of tangential entry
Concentration of HaCl szlt molution

Kinexatic viscosity of tho solution
Density of the solution

se Fe72 Cuo

s 370, Cms
o 2,50 Cns
»e l&6 Crs

1 porcent
-l v ht W

s 14089 x m'zemzﬂm
e 10001" £n/c0.

fun 1Bxperd- | pqx Core, Cos Plow Rates,lt/tn | Liqutd
rop | Lergth | Averago Atr lquig |Velocity
- diaroter

kg /cu® cn/mea,
1 2 3 B 5 6 7
5,010 0.07 05 b.62 6400 38,20  160.48
5,0102 0.1% 1% .80 4,38 58 +50 242,59
5.0103 0.2} 280 4,27 %% 72,00  298.57
5.010% 0,28 210 b46 %450 87,00 360477
5.0105 0.35 2%  B,52 8,00 9950 b1n.60
5.0108 0.07 [i}3 h61 10,00 35400 157 .58
2.0107 0.2% 14 %59 8420 £3.00 2451
5,008 0.2 27 b,33 9400 73.00 302,70
5.0100 0,28 208 hNg 104,00 85,00 35247
£.0110 0,39 223 b4 9495 97450 hob,31
5.0111 0,07 ok .99 12,00 8.2 160.hg
g.0112 0.k v k.56 1.25 57.5%  233.M%
5.0013 0.21 178 ».36 12,85 72,00 298457
5,011% 0,20 208 b5 120 87.90 36%.50



Table = 5,01 (Contd,)

30

1 2 3 b 5 6 ?
5,013 0,35 225 b7 15.00  99.50 h12,60
5.0116 0407 3 k.66 19475  39.50 163.80
5201207 0.1 L '4;.53 2.0 5S9.60 2238
5.0118 0«21 - 176 b,3% 204,00 745 X8.93
5019 0,28 - 207 L] 17,%  87.00 360,77
5 0120 0.3 - 22 b7 19,15 101,00 Wiga2
50121 0407 102 %.63 25,00  38.6% 160,27
5.0122  0.,d% . 148 h.5Y 22,50 59,5 246,73
5.0123 0e2 275 b b2 2%5.%0  73.80 306.03
s.012h 0.8 209 hoho 2485 8820 365.7%
5.0129  0.35 220 b,y 22,5%  98.50 %846
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PATA ON PRESSURE DROP*

Inside dismeter of poraspex tube. os . Fa7 cml

Length of parspex tube | o 3707

Inside dianster of -wril chorboy oo 11,5 cns

Inside dlenmetor of tangential entry aw 1._.6 crey

Concentmtion of NaCl salt solution »s 2 pércont bz woight,

Kinemstic Viscosity of the solution e 14192 x 10 /sou.

Density of the solution ' se 1011 gosee., |
Run Bxperi- ALy Cora, cm Flow Ratesjt/dn | ILiquid
No. mental ' Inlet

Presmre . Veloclity
Drop Length -;::rt«- Aly Iiquid
' Diamo- |

1 2 .3 4 ] 6 7
5.0202 0,07 105 567 5.0 3750 1555
50202 0Jd% 20 Wb 545 57.500 2B
5.0203 0.2 g0 %,33 b6 72,00 . 208,57
5 0204 0.28 a2 !.50 %59 84%.% 350,.%
50206 0.07 b Hee W0DHO0 38,00 157.58
50207 0.% 1% k63 975 59,00 244,68
5 0208 0.2 180 %33 a5 700 29%.83
50209 0.28 210 W,51 10,60 86,00 356.62
0210 0439 227 455 9™ 96,00 398.09
5,0221 0,07  30% B69  13.3%5 39,00 161,72
50212 % L 1% 4,63 1500 59,00 24,66
5.0213 0,22 175 %30 1565 70 29%.83
502 0.8 200 W% 1500 8,50 350440



Toblie - 5,02 (Contd,)

3 3 g 6 7
540205 0,39 227 W56 14D 96.00 X8.09
5.0206 0,07 103 %67 20,00 385 159.6%
5.0217 - 0% - 1% -b57 22,20 57,50 an.h
5008 0.2 - 180 B35 2000 ' 72,90 302.%
5.0219 0.2 208 W46 18,05 8300 36,01
5020 0,35 0 229 W51 27, B0 gk
5021 0,00 103 .68 3500 3.0 150.68
5.0222 0db 146 %67 2700 S5.00 24041
90223 0421 180 MBI 2389 72,00 208,57
g H22h 0«3 209 b 277 B7.50 362.8%
50225 0.39 2% bl 30.00. 99,5 ‘*12.69



IABIB - 9,03

Inside diareter of perspox tabe se D71 Cms
Length of perspex tube ss "370° Cns
Inside dlaneter of swirl chamber .. 11,5 Cns
Inside dlaxeoter of tungential entry «« %8 Cns
Concentration of Heall salt solution ,, 3 percant by wmigie,
Kinematic Viscosity of the golution ., 1.3153'102 /oen,
Density of the solution »s 1,020 gn/ce.
mm Experd~ | Air Core, Cms | Flow Rotos,LtAdn | Liquid
Hoa mental : Inlet
Pressurd Length | Ayesrcge ALy . Itquid Velocity
Drop Diaretey ‘ ' '

1 2 3 3 5 é 7
9.0301 0.07 0% L X 4,60 37490 157.16
5.0302 0.d% 150 4,65 %, 5% 56.95 236,16
500301" 0«28 212 !!-,% !*0.30 3".50 35‘041'0

%.030%  0,3% 23 b, 5t 4,80 97.70 - Mo¥.ah
.08 0.07 105 4,67 945 37,90 157,16
5,007 0ab% 1% 4,63 9.8% 57.7% 239.'g
5038 0.2 180 %,33 9,73 72.00 208,57
¥.0309 0.28 210 b % 9.5 83.% 345,43
Bigw 0035 w !‘lsl’ JDQOO mccﬂ ho&-x
5.0311 007 lo%8 5,67 1!!% 3.5 160 0%
5.052 0.4 150 %63 1,2 56.50 23%.29
5.0313 0.21 180 bedle 156,00 70,20 291,10
5034 Ge28 210 .56 lbcl‘ﬂ 87,00 360,77
5.031% D35 227 %55 al,00 95,00 39309!"
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Table - 5.03 (Contd,)

1 2 | 3 | » | s 6 | 7

540316 0.07 03 h«i&? 19,00 B.L00 2579

5.0317 3 L 17 %58 17,80  58.00 2%,51
5.0313 0«21 180 b,3h 20,00 71,90 208,15
5.0319 0428 = 208 b N6 18.95 8%.5% 3%.%0
5.0320 0.35 226 5.5 20, oS 391,87
5.0321 0.07 103 k69 24,00 .60 160.07

5.0322 Ol W b 23,10 56,5 23%.29
5.0323 0.21 180 4,43 2% 00 72.50  300,6%
5 032k 0428 209 LR 24,8% @60 353.69
540329 0635 22 WMo 25.35 97,00 lk4o2.2%




TADLE - G.0b
JATA OR ERESSURR PROP
Inaide diazotor of perapex tubo _se 381 Cns
langth of perspox tube s« 370 Cne
Inzide diecetor of -swirl charbey ae 11,50 Ces
Ingide dacoter of torngentinl entry .. l1.60 Coxs
Concentrztion of Hall falt solution «e 1 parcent by weight,
Kinematic viscosity of tio solution . 1.089%1072 cn’/mec
Dengity of the solntion es 1004 gomsoe.
mui ' B erim.m-‘ Aly ¢oﬂ,ﬁm Tow Hates, Lt/dd Liquid
Hao, , Press~| , . Inlet
ure Drop |renath| Averagd Aty | Liquiq | Yeloclty
- ) oo
kg fon o pgee
- 3 '7 72 3 B ‘5 6 - 7
5 0401, 0407 8% 2.0 5,00 31.85 232,07
5.0%2 0% 223 209 %80  B6.00  ghbg
5.0%03 0.21 g 2,43 W% 60,55  251.09
5,0k 0428 185 2,27 500 71,30  295.66
5 0405 0,35 287 2,26 %35  B8luoo  339.62
5.0."05 0.07 85 2.5 0.,00 3103@* 129479
5007 S 122 247 9.5 .78  202,1%
5.0%8 0421 1% 28 9. 55,30  248.90
5 009 0.28 1659 2.23 825 70.20  291.10
50410 035 8% 227 10,00 80,00 331.7b
®.0h11 0,07 87 2,56 16,00 31.85 132.07
S ol12 Lv] _1-1!" 123 2,52 15,00 "? «35 106 »35
5.,0513 0.2 14 2.5 14,75 61,70  2%9.86



Table ~ 5.0b (Contd,)

1 2 3| % s 6 ?
S.0mb 0,08 160 25 15060 71,30 296,91
5.0815 .35 180 22 18,25 g0 3Wbag
S.0¥18 0,07 86 2,56 20,00 320 335.%
50037 o.ab 1% 2,50 21,25 .0 299.%
S5.0818 0.2 I 283 20,50  60.90 aB2.5%
S.0819 0.2 150 2la 20400 72,90 302.%
5.0020 0,39 180 2.3 19,50  80.00  331.7%




DATA OB PRESSUAZ DRGOP

Inside dtametor of perspex ftude »s 3481 Cos
length of perspex tuby _ sa 370 Crs
Insgide diagetsr of svipl charbsy oe 21,50 Cms
Inside dianster of tangentinl ontyy .. 3,60 cws

Concentration of HaCl 8alt Solution .. 2 percent By weight.

Kinomatic viscosity of the solution

1.292010™% cfipec

Dengity of the solutian os 1,031 gm/ca.
gt:: gg:ﬁ' . Alr Core, Cna N ?low-nates,l.tﬁnn ?m%d
Pros iT®isength (Avorage | ALy Liqusa | Yelecity
- Dionstay
ksfmz | ot /sec
1 2 | 3 h 5 6 7
50501 0.07 89 2,55 5,00  31.00 13,55
£.0%2 0uab 123 252 %80 47,00  29%.90
5.053 o.22 148 2.3% S00 Ss.m 243
S0%% 0.8 285 2,35 465 700 291,93
5.05% 0435 37 2,20 550 78480 326.76
5.0508 0,07 85 2,50 10,50 31.% 130,62
9.0%7 - 0.aF 122 2.5  11.20 b6,30 192,00
540508 0.2 sy 2.0 10,00 59 .50 246,43
5.0509 0.28 165 239 9475 72,00 29857
5.0810 0.35 189 2.27 10,00 30,00 3N
.05  0w? 85 2,62 1500 32.10 133,11
S.0582 0.1 128 2,5 15.% W50  198.97
£.0513 0.2 b L 2.5 16,19 §0.80 252,12



—

fTable - 5,09 {Conta,)

1 2| 3| % | 3 6 7

5.053% 0.28 160 2,57  1ho0 72,00 29hM2
5.0515 035 180 239 1S 8L 3B
J.0506 0,07 85 2.8 20400 .51_.09 120,55
5,0537 o0.4% 123 2,62 1945 9.00 199.0%
5058 0,21 3% 2% 80 5.5 247
50519 0.8 1% 2,47 21,35 %0.75  293.%
5053 0,35 181 2.k 2,00 78,80 326,78




Inside digmetsr of peyspex tube
Length of perspox tube

DATA OF PRPSSURR TROP)

Inslde diavoter swirl chomber
Inside diametor of tangential entry ..
Concantyation of Kal’l sclt solution ..
Kinematie viscosity of the solution .

Density of tha solution

e
¥

-8

Ll

3.81 Cns
3% Cona
1.5 Crus
1,60 Cns

45

3percent by wéight,-

1.315x10™2
1020 gn/ee,

e 80

Run

{ Bxperi-

Aly GQN, Cis

Flov Rates, Iat-/ﬂﬂll Liquid

Inle
o ‘ ﬁtﬁra Length! Ev:fasq Alr | Liquia ?:%ngiﬁr

- e ter | ety/sec

N EEE 5 6 7
5.0603 0,07 83 2.5  Wg% 3100 128.59
5.0602 0.3 12 2,0 b4.5 580 189.92
540603 0.21 L] 2,34 5400 60 +20 2hg .6
5.060% 0.2 165 2.3 5.5 8.5 LN
80605 035 18?7 2428 5.00 8045 33381
5.0608 0407 85 258 10400 N,7% 1.6
BH607 0.3% 135 2% 1% 5645 192,82
50608 0,22 18 24 9% 59450 246,73
50609 0.28 145 2,0 10,00 69,75 289.2%
50610  0.35 185 2.2 12,00 BL.00 335.89
5.0612  0.07 &% 2.62 15,00 30450 126,48
540622 0 clh 128 2.0 15,% "‘7-50 196,97
50603 0.21 b 2% 1 57490 2%0,10



Table ~ T.06 (Contd,}

3 2 3 b ¥ 6 ?
5.060% 0,28 15 2%  15.00 7100  29%.b2
50615 0,35 182 2,41 .00 . 77.90 323,03
50616 0,07 85 2,60 20,00 31.7% .62
50617 0,% 2%  aMg 21,00 46,80  19%,07
5.0618 0.2 1% 2,%7 19450 59.35  2k.1x
50819 0.28 1% 249 18.79 69,7  289.2%
56&6@ 0,39 179 2,08 20,00 7980 30,91



- DATA ON PIGBSURB DROE

-"\I

ITnside dismeter of perspez tube e 2,5% Cns
Length of pergpox tnde ve 189 <Cna
Inglds daretsy of swirl chezber av 4030 Cog
Inatde diamater of tangential entyy .. 1.27 Cos
Concontration of NaC) adlt solution ., 1 percent by waight,
Kinemstic visgcosity of the solutiom .. 1.0§9X0°2 en’/mec
Donsity of the solution ve 1,00% gosee,
Run | Bxperd~| Aly Core, Coa Yiow Ratea, Lt/min | Liquid
No. | mental - Inlet
Preas- Velocdty
ure Length Muag Aly Lquid '
Drop dsaneter
kg sonf | , c/sec
1 2 3 L 5 & 9
5.071 0.07 60 1,k o 12.% 82.23
5.0702 0.0% 70 1.3 5e30 B.50 12,76
5.0703 0.2 8% 1.4 5.20 23.85  156.90
J.o7% 0,28 200 1.3% 5.3 27.20 17904
5075 0435 10 .27 L85 32,00 211,17
5076 0,07 & 2103 8«90 12.10 760
5.007 0J% 70 1.%7 G470 18.85  22%.04%
2,078 0,21 a8 1,43 880 23.5%  15%.&
5.0709 0.28 b /¢ Lo 3.3 X0 500 27«10 178 «28
5.0710 043% 110 1.33 8.90 31,50 207.22
50711 0,07 % 1,56 13,85 12,50 82.23
5.0712 0,1 &% 1.5 1,90 18.%  121.76
Y0713 0,21 86 1% 15.65 23,00 151,30
5071% 0,28 97 1.4% % 27,50 180.91



Table - 5,07 {Contd,)

1 | 2 3 b s | & ?

9,071 035 19 2,1 15,00 32,00 211,17
076 0,07 5 LY 2080 12,20 50,26
5.0717 024 67 2.5 20,00 820 19.73
5.0788 021 90 252 190 220  150.68
5.0719 0.8 9% LW 2000 2B/.20 18551
5.0720 0.5 08 132 20,00 0.8%  202.9%



Ingide diameter of pormpox Wibe .
Length of persgpex tude *e

Insids dlameter of svril chember ..

Inaide dlareter of tongentizl enbdry.

Concentration of HeaCl mlt solution,
Einewpatic Viccosity of ths golutiom,

49

2,54 Cms

185 Cms
030 Cug

1,27 Cns

2 poromnt by velgit
1,192 gl A i 4

Denpcity of ths solution se 1,011 gnfea,
: - |ALE Ct _ ‘ Ratea,Lt
ﬁ‘;‘,‘, ;ﬁ%ﬂ ir Core, Cos Faow R tu.f. /cin %q:.gw
Crop Length’ gzggggeq Alx Liquid
kg fonf ter cm/sec,
1 a | 3 b 5 6 7
5.0801 0.07 59 LY kgo 12,00 7895
7.0802 0% 7 1,37 %,a5 18.% 121,76
5.0803 0,21 8% 136 505  23.0 152.62
5.080% 0.28 100 1.3 £400 27.80 182.38
5.080% 0,35 uo 1,30 5400 3100 206.%6
5.0806 0,07 60 L 9e2% 12,20 B0 26
5.0807 0.2% 7 1.3  10.00 17.90 137,79
5.0808 0.21 88 .3 10.00 22.60 140,67
50809 0428 0o L3 .00 26.75 176,07
5,081 0,35 1o 132 9.7 N 28.5%
5.0811 0.07 57 LW 1k 12.20 80426
50812 oJ% 67 1.3 15,00 13.60 122,52
95,0813 0.8 90 1.37 15.0%5 23.20 192.62



Table - 5,08 (Contd,)

. | 2 3 h 4 é 7

5.081% 0+33 95 1.3% 1%, k0 .5 0.9
5.081% 0,3 107 1,% 15.00 R4 206.56
5.0816 0,07 1] 1,52 2 00 12.%5  gl.00
50817 ) J-t" 67 11»&? 22,.% 15«2 119473
5.0818 D«21 90 .33 A.,0 23.60 15%,1%
5.0819 028 o 1.5 20,70 26,90 177,08
50820 0.3 107 1,33 20,00 30.%5 200,31

03995
CEATRAL Lispany UBIVERSTTY 0f ROCRYED
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- DATA ON FIFSSURE DROP

Insido dlgmeter of perspex tube
Length of perspox tibe
Inside ddamatsy of svirl chatbey

Inside dismeter of tangential entry
Concantration of Ba0l sult salution

Kinematic Viscoglty of the solution

¥

2 ;55 s
8% Crea
10 430 Crza
1.27 Cnm
3 parcent

by woight,

1,325 x 207 w?/mec

Density of the sclutdon e 2O gasce
fun  |Experde | Air CoreCns | Mlow Rates,Lt/in |riquid
Ho, Bental ' Inlot
Pyossure . - - Volocity
Drop Length Avorage| Afp Liquid - -
kg /mz dimta# en/s00
1 2 3 b 5 6 s
20001 0407 60 3% 500 80 77:63
S.0002 0% 71 LM 380 100 319413
5.0003 0.22 85 2.33 4,50 23.2%0 152,00
.000% 0.2 100 1.3 4,95 26.% 173,67
5.090% 0.3 10 1,29 5.15 30.80 202,62
5.0006 0,07 6o Y2 8420 12,10 79,60
5.0007 0.2k 7 2,46 0«75 7.2 16,0
J.0908 0.2 88 1.36 9400 22.% 147,36
5.0009 0.23 100 1.30 9.00 26,80 176,30
5.0010 0,35 109 1429 9,00 310 205,90
5.0011 04,07 &0 1,52 b0 12425 80459
5.0012 0% 70 1.4 15,00 18.00 8.5
5.0013 0.21 g8 1.3 Boo 23,20 152,%



Tadle » 5,09 (Contd,)

: 4

2

b ] & 7
091k 0.28 1M 1,32 15,00 27.5% 180.91
B001% 038 08 1.3 8,78 X0.50 200.6¢
5.0916 0407 & 152 200 12,30 760
5.0017 0.d% M ‘1,%  18.00 I13.» 120,48
50913 ° 0.1 8B 1.% 23,2% ° 2300 .39
50019 0.8 100 1e32 a%00 26,% 173.76
540920 0.3 208 3.3 204,00 29,55 197,13



o

!AB]& - Elzn

8 harma' s Correlation(21) for Predicting Pressure Drop
for Swirling Flow in Long Horizontal Tube is -

" ?I ~0.1% v.2 =04065 D, .18 5 K.
g,g . 2 2,5 -2 IVEL_L ] he- S {
v,lz ) = 7510 'y " nr | “'ﬁ;' -Bi-
On yrearraning '
i g 4 [ "0 0,065 2 h,18 X 248,
257 p 210‘ 1 v
ooz 5] ] R
8 v 3 |
oy &P =K Vi'l’?z
! . s Y7, S T
Run Bxpori . : *d 2.6 Prodic-
Ho. mggal‘! M | " . Dy v 1-72' ted
Pross- p y By % Bz A2 Press-
nro a J 4 - ure
Drop : ‘_ Drop
N kg /on® kslcmz
1 | a 3 R 6 | 7|8 | o
5,0100 007 2463xl0™> 0u30l  1.75%2 18,663 27.32% 6R3.32 0,057
5.0202 0.2% 2.63 0v30% 2,752 18,663 27.32% X26%6.80 0,1162
50103 0421 2,63 0.391 1,792 18,663 27.324 13075.00 0.1661
50108 0,28 2,63 Oudpl 1.752 18.663 27,324 2%028.60 0.2299
5.0105 0,35 2,63 Oo30k 2,752 18,663 27.32% 1%929.00 0,2897
50106 0,07 2483 0,1 1,752 18,663 27.32% 6021,% 0,0553
5.0107 0,3% 2,63 04301 1,752 15,663 27.32% 12%60.90 0,145
5.008 0,21 2,63 0392 1,752 18.663 27.32% 18507.,20 0,100
3.0100 0,28 2,63 04301 1,752 18.663 27,3b 2wobs.%0 0,220



Toble - 5,10 {Contd,)

94

1 2 3 % 5 6 7| 8 9
5,010 0,35 2.63x10°7  0.391 1.752 18,663 27,32% 30447.30 0.2797
540111 0,07 2.3 04391 1,752 18,633 27.32% 6213,32 0,057
5,0112 0.d% 2,63 04392 1,792 18,663 27.32% 12277,0 0,1128
5.0113 0421 2.63 0.391 1,752 18.663 27.32% 18075.00 0.1661
F.010% 0,28 2,63 0,391 1.,7%2 15,663 27,324 25478,30 0,234
50135 0,35 2463 06391 1,752 18.663 27.32% 315290,0 0.2897
540126 0407 2,63 0391 1,752 184663 27.32% 6436,06 0,0591:
50117 0.4 2,63 04391 1,752 18,663 27.32% 1358450 0,1200
5.0113 0421 24683 06391 1,752 18,663 27,32% 19167,20 0.1761
5.0119 0428 2,63 0.391 1,752 13.663 27.32% 25028.60 0.2300
5.0120 0,35 2,63 0.391 1,752 18.863 27,324 32351.0 0.,2972
5.0121 0407 2,63 04391 2,752 13.663 27,32% 6299.3% 0.5696
5,0122 0.% 2,63 0e391 1,792 18,663 27.32% 13020430 0.1196
5.0123 0,21 2,63 04391 1,752 18.663 27.32% 18858.80 0.1733
5.002% 0,28 2,63 0.301 1,752 18.663 27,324 2562%4,.60 0.23%%
5.012% 0,35 2.63 0,391 1,752 18.663 27,32% 30086.80 0.28U7
5,0201 0.07 2.6% 0.396 1.752 18.663 27,324 5385.%0 0.0552
5.0202 0.1% 2,65 0,306 1.752 18.663 27,32% 12277.0 0.1151
5.0203 0.23 2,69 0.376 1.752 18.663 27.32% 1809%.0 0,1699
2.020% 0,28 2.65 04396 1,752 18,663 27.32% 2o%.0 0.2232
5,008 04,35 2,55 0,396 1,752 18.663 27.32% 30W47,30 0.28%5
5.0208 0,07 2,6% 0396 1,752 19.663 27.32% 6021.% 0.0965
5.0207 0.d% 2,65 04396 1,752 18.663 27,32% 128330 0.1203
5.0208 0,21 2,89 0396 1,752 18.663 27,32 17687.%0 0.1653
5.0209 0,28 2,6% 04396 1.752 18.663 27.32% 249354 0.2300
5.0210 035 2,65 04396 1,752 18,663 27,32h 29646.00 0.2780



Table-5.10 (Contd.,)

00

| 2 3 L 5 6 ? 8 9
5.0211 0,07 2.65310‘50.396 1,752 18.663 27,32% 6296,13 0.0590
5.0212 0.2% 2,65 0,396 1,752 18,663 27.32% 12833.0 0.1208
5.0213 0,21 2,65 0,396 1,752 18.663 27.32% 17687.% 0.16%
5,021% 0.28 2,65 0,396 1.7%2 18.663 27.32% 230%,0 0.2232
5.021% 0439 2,67 04398 1,752 18,663 27.32% 206%6.10 0.2780
5.0216 0.7 2,65 0,396 1,752 15.663 27,324 6158 .15 0.0577
50217 0.1% 2465 04396 1,752 18,663 27,324 12277,00 0,115
5.0218 0421 2.65  0.396 1.752 18,663 27,32% 18465,20 0.1731
5.0219 0,28 2.65 0,396 1,752 18,663 27.32% 25524,60 0,2393
540220 0,35 2469 04396 1,752 18,663 27.32% 20986480 04290%
5.0221 0,07 2.65 0,396 1.752 18,663 27.32% 6158.1% 0.,0577
540222 0.8 2,65 . 0,396 1,792 18,663 27,324 12460.90 0.1168
5.0223 0421 2,65 0,396 1,752 18.663 27,321 18075.00 0.1695
5.022% 0,28 2.85 06396 1.752 18,663 27,32h 25276.200 0.2370
5.0225 0.35 2465 00396 1,752 18.663 27.32% 31520.00 0.29%6
5.0301 0,07 2.67 0J802 1,752 18,663 27,32% 95993,88 0,057
5.0302 0.,1% 2,67 04402 1,752 184663 27.32% 12075.80 0.11%
5.0303 0422 2.67 0,402 1,752 18.663 27.32% 1730%.20 0.1659
5.030% 0.28 2,67 0,502 1.752 18.663 27.32% 2380%,00 0.2283
80305 0435 2.67 0,502 1,752 18,663 27.32% 305%%,90 0.2930
5.006 0,07 2.67 0,02 1.752 18,663 27.32% 5993,88 0,057%
5.0307 0% 2,67 0.402 1.752 18,663 27.32% 12369.,20 0.1186
5.0308 0.21 2.67 0,502 1,752 19.663 27,32h 15075.00 0.,1733
50309 0.28 2,67 0,402 1,752 18,663 27,328 23226,20 0.2227
8.0310 0435 2.67 0.%02 1.752 18.663 27.32% 30715,90 0.29%
S.0311 0,07 2,67 0,002 1.752 18,663 27.32% 6186.0% 0.05932
5.0312 0.% 2,67  0.402 1.752 18.663 27.32% 1l911.80 0,11k2



Tedle - 5,10 (Contd,)

2 3 | 5| 7 8 9
50313 0,21 2,67x10°7 0402 2,752 18,663 27.32% 193%.20 0,2659
5.031% 0,28 2,67 04502 1.752 18,663 27,32h 25028.60 0.2%00
5.0315 0,35 @67  0.%02 1,752 18.663 27.32% 20116.5% 0,2792
5.0316 0407 .67 0,402 1,792 18,663 27,324 60216  0.0577
50317 0.1% 8.67 0,402 1,752 18.663 27.32% 12460,0 0,3195
5:0318 0,21 8.67 0,502 1,752 184663 27,32 18031.30 0,179
940310 0,28 8.67 0,402 1,752 18,663 27,32% 2330%.00 0,.2283
5.0320 0.35 2.67 0402 1,752 18.663 27.32% 23853.90 0.2769
5.0321 0,07 2.67 0,402 1,752 18.663 27.32% 6186.,0% 0,0593
5.0322 0,1% 2,67 0,402 1,752 18,663 27.32b 11911.30 0,112
§.0323 0421 2467 0,%02 1.752 18,663 27.32% 1820120 0.19%%
$.032% 0428 2,67 0,402 1,792 18,663 27.324k 24930,00 0,237
5.0325 0,35 2467 0,402 1,752 18.663 27.32% 017,70 0.268%



a7

Sharwats correlation (21) for predicting presstire drop for
ewirling flow in long horizontal tube ip~

| 05 57 -0.065 a8 [ o 126
e 33 (2] (2] (2]
e Y Dy 1
on rearranging 0,18 0,065 [ 4.18 _DL] ‘5v1.7a
o-fpomd (47 B B[R
or &2 =K Vi"?a
Run No, - [&]"'w ~0.065 j'ﬁ 52'6 1.72 | Predicte

;;‘n nana;e ' _ % D:LJ Vi gnasuro

Drop ke/oof

Xg/on’
5,001 0,07  2.6%0™7 0,615  1.707 101.263 0.543 Lb4h.09 0,080
5.0402  0,1% 2,63 0.415 1,707 101.263 9.543 8671.47 0,156
5,0003 0.2 2,63 0,415 1,707 10L.26% 9,543 13418,60 0.24L
5.060 028 2,63 0,815 1,707 101,265 9,543 17775.10 0,320/
5,005 0,35  2.6% 015 1,77 10L.263 9,543 22558,40 0,406
5.0L06  0.07 2,63 0,415 1,707 101.263 9.543 4312,95 0,077
5.0607  0.14  2.6) 0.615 1,707 101.263 9.54% 241,85 0,1664
5.0L08  0.21  2.6% 0,615 1,207 101,263 9,543 12945,10 0,233
50009 0,28  2.63 0,025 1,707 101.26% 9,543 17304,20 0.311
5.0010 0,35  2.6% 0.U35 1,707 101.263 9,543 21665,70 0.390
5,0611 0.07  2.63 0,415 1,207 101.26% 9.543 4hbh,09 0,080
5002 0,14 2,63 0,438 1.707 101.26% 9,543 8790.49 0,158



Tabdle Ho.5,11 contd, ...

6

-'3

9

3,0u1%
5,041h
5.0418
5,0416
5,0017
5,018
5,0419
5.0420
5.0501
5.05@
5.050%
50500
5.0505
5,0506
5.0507
5.0508
3.0509
5.0510
5,0511
5.0512
5.0513
5.0515
3.0813
5.0516
5.0517

0.21
0.28
0.35
0.07
0.14
0.21
0.28
0,35
0.07
0,14
0.21
0.28
0.39
Q.07
0.4
0.21
0.28
0.39
0.07
Q.14
Q.21
0,28
0,55
0.0?7
0.14

2,63
2.,6%
2.63
2,63
2.63
2,63
2,63
2,63
2465
2,65
2.65
2,65
2.6
2.65
2465
2.65
2.69
2.65
2,65
2,65
2,65
2.6%
2,65
2.65
2,65

0.415
0,415
0.415
0.415
0.413
0.415
0.415
0,415
0.k21
0.421
0.422
0.421
0.421
0.421
0.421
0.421
0.421
0.1
0.421
0.421
0.421
0.1
0.421
0.423
0.421

1,77
1,707
1.207
1.7%07
1,707
1,207
1,707
1,07
1.707
1.707
1,707
1,207
1,707
1.707
1,707
1,07
1.707
1,707
1.707
1.07
1,97
1,707
1,207
1,77
1,707

101.263
101,263
101.213
101.26%
101.26%
101,263
101,263
101,263
101,263
101.26%
101,263
101.263

101,263

101,265
201.26%
101.263
101,263
101,263
101,263
101,263
101,263
101,265
301,265
101,263
101.263

9,54%
9.543
9.54%
9.5
9,543
9.543
9,543
9.543
9,543
9.543
9.543
9,543
9.543
§.54%
0,543
9.543
9.543
9. 543
9,543
2,543
9.543
9,543
9.5u3
2.504%
9.543

15860.00
17902 ,50
23082,90
465036
031,34
1%3552,10
18465,20
21665.70
h242,3*
& 7943
12720.40
17389.20
21109.50
§360.50
8458,20
13020,30
18075.00
2166%.7
Ls50h,46
8838.29
1351%,40
17645.10
22463,
hate %2
8998.65

0,295
0.3225
0.1156
0,08%7
0.1626
0.2h40
0.3525
0.3501
0.0781
0.1597
0,231
0,3200
0.3885
0.0802
0.1557
0.23%
0.3326
0.3%87
008290
0,1627
0.287
0.3247
0,4134
0.0781
0.1656



Tabls No.5.11 oontdeecissnn

-1

F]

r

b

.5_

8

=

—

T

5.0518
5,0519
5.0520
5,0601
53,0602
5.0603
5+0604
50603
5,0606
5.0607
50608
5.0609
540610
s.0611
5.0612
5.0613
540624
5.0615
5.0616
$.0617
540618
5.0619
5.0620

021
0,28
0,35
0,07
0.14
0.21
0.28

0,35

0.07
0.3k
021
6,28
0.35
0.07
0,14
0.21
0.28
0.%5
0,07
0.14
0.21
0.28
0.35

2465
2.65
2,69
2.67
2.67
2.67
2.67
2.6%
2.67
2.67
2,67
2.67
2487
2.67
2.67
2.67
2,67
2.67
2.67
2,67
2467
2.67
2.67

0.4821
0.1
0.121
0.:27
¢.h27
0,627
0.u27
0427
Q.27
o427
.27
0,427
0.h27
0427
0.427
0.427
0.427
0427
0.427
0027
0.L27
0427
027

1.707

1,207
1,707
T:707 7%
1.7
1,7
1. 207
1.707
1,707
1,707
1,207
1.207
1.707
1,707
1,707
1.7%07
1,07
1.%07
1.707
1,707
1.7
1.7
1,707

101.263
101.26%
101,265
101,263
101263
101,363
101,263
101,263
101.263
101,263
101,263
101,263
101,263
101,263
101,263
101.263
101,263
101.263
101.263
101,263
101,263
101,263
101,263

95U
9.543%
9543
9.543
9543
9.543
9.543
9543
9.543
9,542
9543
G543
9.543
9.543
9.5h%
9,543
0.543
0.543
9,543
9,543
9543
9.543
9.543%

12020.5%0
175%8.0
21109,30
h2b2 %2

830121

15285,60
16589, 70
21898.70
b420,%9
8520,43
13020,30
17134.5
221%%.90
125,51
88.8.29
12966,10
17645.10
20696,50
4360, 50
8615.66
12964,10
17114,50
21572 .50

0.2%96
0,3228
0.3885
0.0798
0.1561
0.2499
0,320
0.4118
0.0831
0.1602
0.2449
0.%219
0,4163
0.0776
0.1662
0.2038
a.3318
0.38%
0.0820
0.%20
0.2038
0.3219
0,4057
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Sharma'a Correletion (21) for Predicting Pressure Drop
for Swirling Flow in Long Horisontal Tube Lo~
0,068 b,18 2.6

f;';f‘i‘ 2,57510™ [#1]%15 [f—%;—] [i?;"—] %ﬂ

o | NRORTTTT T <0,13]  <0.063] . b,1B| 2.6 Predic
Ros | Prees=} 2.57xp D'_ | ﬁ_‘?" ted
ire - gc ¥ | _ 4 g:“:ar

Drop ‘ Drop
| kg/ent | | | xg/cn’

1 2 b _ ﬁ'_ 5 | 6 7 8 9
5,001 0,07 2.6%18°7 0.4k 1.663 347,900 6.063 1967.22 0,08
5.0702 0.14 263 0,441 1.66% $47.900 6.063 k015,61 0.16!
5003 0.21 2,63 0.441 1,663 Ya7.,900 6,063 5976.84 0,24!
5004 0,28 2.6% 0,401 1,663 347,900 6,065 7500,22 0,30
5.0705 0,35 2,63 0,401 1,66% 347,900 6.063 9962 ,48 0,u40!
5,026 0,07 2.6} 0,641 1,665  347.900 6,063 1860.25 0,07
5,007 0.k 2.63 0,441 1,665 347,900 6,063 5991.2300,16:
5.0708 0,21 2,65 0.l 1,663 37,900 6,063 5826.9k 0.2%
5.0709 0,28 2,6% .44} 1.66% $47.900 6,065 7h45,.54 0,30c

5.0710 0.35 2,63 0,ah) 1,665 242,900 6,063 %uk,12 0,0%



Tahle X0.5,12 contdeveee

N

I~ 3 S 6 7 8 9

50711 0,07 2,6% O.,bh1 1,663 347,900 6.063 1967.22 0,0800
5,072 0,14 2.6% 0.801 1,663 347,900 6,063 386L.27 0,157
5,071% 0.21 2,63 0.481 1,663 347,900 6,06% S614,65 0,228k
5,070k 0.28 2.6% 0.h) 1,663 347,900 6.063 7634,47 10,3106
50715 0,3 2.6% O,uby 1,865 347,900 6,063 9%62.,48 0.40%8
50716 0.07 2.6% O.4h1 1.,66) 387,900 6.063 1886.85 0.0768
5,0717 0.4 2.6% 0.481 1,663 37,900 6,063 754,15 0,17
5.,0718 0.21 2.6% 0.4 1,660 JA7.900 6,063 5573.2% 0.2267
5.0709 0.28 2.63 0.1 1,663 B7.9%00 6,06 7972.45 0,324
5,0k20 0,55 2.6% OJb1 1,663 3479,00 6,063 950406 10,3783
5,0801 0.07 2.65 0.447 1,663 347,900 6,063 183380 0.07620
5,0802 0,14 2,65 0,447 1,663 347,900 6.063 3864.27 0.1606
5.080% 0.21 2,65 0.L47 1,683 BH7,900 6.063 5699.17 0.2368
5,080 0.28 2.65 0,447 1.668 347,900 6.063 777,05 o0.%2%
5,005 0,35 2,65 0,047 L1.663 37,900 6,063, 959134 0,)985
5.0806 0,07 2.65 0,47 1,663 347,900 6,063 1886.85 0.078¢
5.0807 0,1t 2.65 OMb7 1,663 7.9 6,063 364798 0,156
50808 0,21 2.65 0.7 1,669 347,900 6.063 57,81 0.2264
5.0809 0.28 2.65 0.b7 1,669 47,900 6,063 7287.%0 0.%028
5.0810 0.5 2,65 O.47 1,663 347.90p 6.063 9750.02  0.4051
50811 0,07 2.65 0.447 1.663 347,900 6.065 13856.85 0.0784
5,0812 0.1 2.65 0.447 1,66 7.9p0 6.06% 900,37 0.1621
50813 021 2,63 0.h7 1.663 37.90) 6.063 5699.17 0.2368
5.081k  0.28 2.63 O.b7 1,663 347,900 6.063 M35.47 0.7
5,081 0,35 2.65 0.4h7 1,663 347,900 6.06% 9591.% 0,3985
5,0816 0,07 2.65 0.447 1.66% 47,000 6.06% 195%.66 0,0812



Table No,5.12 contdieess

o

1 2 5 z 5 8 7 8 9

50017 O0.b 2,65 0,447 1,663 47,9  6.063 3754,13  0.1560
5.0018 0.21 2,65 0.647  1.663 379 6,069 587454 0.2uL1
5,0819 0.28 2.65 0,847 1.665 347.9 6,063 7357.41  0.%057
5,0820 0,35 2.65 0,447 1.663 30U7.9 6,065 90%.8% 0.3780
5,0001  0.07 2.67x¥00.h5%  1.663 7.9 6,065 178177 0.0758
5.0002 0.34 2.67 0.4% 1,663 387.9  6.065 3721.8 0.1563
5,005 0,21 2.67 0.456 1.66% 37,9 6,065 574,31 0.2426
5.0006 0.28 2,67 O0.45% 1,663 7.9 6,063 749 0,326
5,005 0,35 2.67 0.5 1,663 347.9  6.063 78.8h 0.3945
5.0006 0,07 2.67 0.4585 1.,66% 347.9 6,065 1860.25 0,079
5.0007 0,1k 2,67 0.45h 1,663 347.9  6.063 3I57.U6  0.1%2
5.0908 0.21 2,67 0,45 1.66% 7.0  6.063 5%65.5% 0.2281
5,000 0.28 2.67 0.b5h 1,663 47,9 6,063 7%03.88 0.3106
50010 0,33 2,67 O0.45% 1,665 347.9  6.063 9558.69 0.405
5,0011 0,07 2.67 0.5 1,663 7.9  6.063 1900.22 0,0808
85,0012 0,30 2,67 0.5 1,665 7.9 6,065 3688.00 0.0168
5.0013 0,21 2,67 0.454 1,663 37,9 6,065 S04.31  0.2626
5,091 0,28 2.67 0,458 1,663 7.9 6.063 7635.k7 00,5247
50015 0,35 2.67 0,480 1,663 3479  6.063 9w23.t3  0.3879
5,096 0.07 2.67 0.05% 1,663 7.9  6.063 1860.25 0,079
50007 0,36 2,67 0459 1,665 7.9 6,063 795,04 0,163
S.0618 0.21 2.67 0.5 1,663 7.9  6.065 5619.7% 0.2390
S.0019 0.:28 2,67 O0.5h 1,663 307.9 6,063 7123.8% 0.3029
5.080 0,55 2.67 0.45 1,663 347.9  6.065 8850.6k 0,5763
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Innide dismeter of perspex tuba _‘ = 5,71 cmy
Length of pergpex tuba - 370 cmp
Inpide dismeter of gwirl chamder »11.50 cmg
Ingidu dinmter of tangentianl entry - 1.60 cue
Correction fnctor for refraction - 0.83
Bun No. ] Dig- hir Core Amrakd Bun ﬁoj Digt~| Alr cdri r&vcrasc
tamte Dipmoter | Alr Core ance | Digmeter [Afir Core
along eng. | Dlameter along ome Dlametor
the after np= the *  lafter app-
tube plying tube 1y Re £~
Axisg Refract~ Axte raction
ong, | ion Cor= cno. corraction
| - 1 rection - oms.
) o ] onn.,
1 2 N A 2 3 b
5.0101 O 5.867 b.62 120 4,996
20 5.638 140 4,980
40 5.571 | 150 4,36
60 5.4%0 .
5,010% 0O 6,012 &.27
80 5,145
20 5,848
105 4,98%
' i 5,374
5.0102 0 54969 N 60 5,175
20 5957 80 5.050
L0 5.877 100 4.8%0
60 5.851 120 4,790
80 5.790 . 1h0 4.570
100 5,350 : 170 b.%50

150 264



B

5:755

3 2 ¥ L 1 2 3 2
5.0006 O 5,980 4 k6 60 5,385
20 5.540 80 5.095
W 5.79 105 4,995
0 3.7 5,007 0 5,89 4,59
0 5e5 20 5,85
00 5.550 w0 5.7%
120 3.0% 60  5.7%
Wo 4,850 B0 5.688
190 b.bek 0o st
20 30 120 4,%5
50105 0 64005 4,52 WO 4,85
20 5.950 148 4,452
0o 3% 5008 0 6,025 4,53
60 5,628 0 5.0
8 335 W 5.%5
00 597 60 5,280
120 5.29 o 5.0
Wo 5,088 0o 1080
w0 L0 120 4.825
1% hes W0 4,610
B LA 10 L35
2%0 b.2% 178 b, 57U
PO6 0 5W5 LEL 09 0 6015 6.8
20 560 20 5.895
W 5.5 o



bu

i 2. 3 b 3 2 ) 4
60 5,70 50112 © 5,910 4,56

80 5.629 20 5.835

100 5.250 4o 5,695

120 5.1%0 60 5.64L5

180 4950 80 5.578

1% b 775 100 5,438

190 h.52% 20 4,938

208 4,%85 40 4.849

5010 0 5,950 .46 147 k%54
20 5.915 50113 0O 5,995 4.5

40 5.845 20 5.950

60 5.578 50 5.650

80 5:500 60 5433

100 5.295 80 5,113

120 8,225 100 b 951

1Lo b, 585 120 4.868

170 b.8%0 0 4,627

190 44780 10 4,398

210 b,628 178 b2

a3 4,433

5,01 0 3.978 4,50

50111 O 5.%5 4,59 20 5.858

20 5.625 ho 5. 725

Lo 5,495 60 5,695

60 5.419 » 5.658

80 5.205 100 5,350

104 4.850 120 5,105



by

A 2 3 S 2 _ 3 L
W0 5,003 W0 5.99%
170 4,870 &0 5,738
190  4.25 g0 5705
208 4,538 00 5,349
50115 0 6,005 R 20 b8
%0 4,835
20  5.8%
W8 5,29
w5823
€  5.5%5 5,008 0 6,000 y34
80 5.7 20 5.938
00 5.%08 4 5,37
120 5.2%5 60  5.513
wWo 5,008 80 512
1% 4,045 WO  4.997
190 4,810 120 4,807
210 4/613 0 4,597
2295 4,395 10 4,025
17 4.415
50116 0 5,910 4,66
20 5,731 30119 0 5.985 b,b4s5
0 5,613 20 583
& 5,519 40 5,745
80 5,140 60 5,638
103 4,950 8 5.5%
5017 0  S.98 4,5 w0 5am
| 120 5,109
20 5.89%



B

Y 2 3 1 IRy /
40 5.793 170 4,708
60 9,738 190 b b8
80 5,718 207 4, 405
100 .34
52343 50120 0 5.995 4.2
120 4,890
150 5.68 20 5.905
s h‘z ;’ 50 5,835
' 60 5.98
5.0118 0 €.,000 b.34 80 5505
20 5.938 100 5,929
40 6478 120 5,215
60 5.51% 0 4,871
80 5.112 1% 4,897
100 b, 997 190 4,702
120 4,807 210 b 650
140 4,597 226 &, b9s
10 WAL
5.0121 0 5.955 L.6%
1% 4. 415
20 5,653
5.0119 0 5.985 N 40 5.57%
- <0 5.82% &0 5.L05%
40 5,75 80 5,158
60 5.638 02 b, 350
80 5.5%
100 5.178 |
120 5,205 20 5.835
) W 5.738
140 . 995
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T . X 4 | 2 4] T
60 5.639 190 4378
B0  5.635 205 4,310
100 599 50125 0 6,000  4.h9
120 5.005 20 5,89
woo 08% 0 5.800
W5 4 o 565
50123 0 6.0%0 y.b2 80  5.615
20 5,960 100 5,35
40 5.578 120 5.2%
60 5,419 WO 5,038
8 533 190 4.910
100 5205 190 4,815
26 4,50 210 6,680
14 4,613 220 4,%3
10 4+395 5.0201 O 5.900 5,67
75 L4 20 5.»5
5.0124 0 5,045 4,40 O 5,550
20 5.800 60 5478
%0 5,689 g0 5.210
6 5,615 105 5.0
0 585 5.0202 0 5,085 4,64
00 5269 20 5.947
20 3.0 W 5,905
Lo .87 60 54872
160 4,698



td

14

i 2 3 ) 1 2 ) 5
60  5.87 b B
80 5.805 190 5495
100 5374 212 4,58
120 5.025 -
240 b5 5.0203 O 6,105 .h 61
15 ) nfc‘?ﬁ 20 5,995
L0 5.9%05
5.020% O 8,059 b33 60  5.648
20 5.957 &  5.5%
0 5.4%8 100 5,415
60 5,288 120 5,518
8o 5,202 D 5,125
100 4,985 7N bL.e%
20 b.828 190 4,848
150  b.605 210 h,738
1% 8,378 2% 4,49
180 4.278
5.0206 O 4.005 h,68
50204 O - 6025 4,50 20 5.735
20 5,975 &0  8.558
49 5.8%3 60 5,495
&0 54755 8o 5:228
80 3,685 106 5.024
100 5480 5.0207 O 5,950 5,63
120 5.035 20 5,908
140 4.875 5.875



70

1 2 3 i i e 3 §
& 5833 190 4,513
80 5,788 210 L.348
1 5005 3,210 0  6.085 8,55
120 S5.088 20 6005
o Lo o s
10 803 0 5.2
5.0208 © 6,040 5,39 80 B.572
20 5.9 100 5.5
Y 5483 20 5.528
6  5.%03 Mo 5478
80 5,088 170 4,985
100 4,948 190  &.85%
20 5,800 210 4,990
o 8.578 227  4.408
W0 5803 50214 0 5995 .69
180 41305 20 5,795
35,0209 O 5,985 b, 5% 50 5.601
20 5.955 60 5.505
50  5.8% 80  5.195
60 5.785 mE 5,008
B.o 3695 slo2i2 ¢ 5,982 4,69
10 3.5 20 5.88%
120 3,000 W0 5868
wo - 5905 60 9,843
e 8 578



“ITTF i3 N ) “z__ 3 &
00 5.l 5.0218 0  §.0% %.58
26 5,000 20 5.9%
wWo  b.9as w 5%
156 4.295 80  5.74%
50213 © 6000 4,30 B0 3.3
I | ' " 100 5,408
€ 399 120 5.%62
20  4,4h3 Wo 5.9
So. 528 10 5,000
.m 5:013 3190 4.895
100 6,908 210 4,805
20 23 227 4435
150 4,538
170 H,380 50216 0  5.985 b.67
175 h255 20  5.828
5,023k O 6,038 4,50 0o 583
R e ' 66 5.485
20  5.985 B0 5.208
0o 5.0 0% 4,825
60 5,823
80 5.638 50212 0 5,97 4,57
100 5.498 20 5.%5
120 5.1253 L6 5.82%
10 4,988 60 5.775
170 4,805 80  5.6%
190 b.5hd 00 5,338
209 6,359 120 4.8k



iy 2 3 4 1 2 35 i
10 b.765 60 5,612
4% 4,250 80  5.h98
| , , 100 5.355
50218 © 5.998 4,35
| 120 5.2u8
20 8.8
o .00 W0 5.072
60 5*119 o h.S0d
100 isiem 190 4.825
- - 21(1 M?ﬁﬁ
120 4,785 -
140 4,608 -
170 b,478 s5.0e21 O 5,99 4,68
180 W 20 5.8%
50218 0 6000 b6 4 5668
) " ) 6 5,508
20 5.855 |
0 5.7 80 5,195
B 0% 5,858
60 5,600
80 5,625 g.0222 0 5,900 4,67
00 5,200 20 5,890
20 5,128 W 5,808
W0 8.000 60  5.7%6
10 479 80 5,73
208 4,395 120 4,848
50220 O 6.083 h,51 ’
w6 5,29
20 6.010
40 5,903



1 2 3 k& 1 z 3 b
Lo 5 ,m 120 G222
80 5548 1% bho03
100 5,085 190  4.800
20 b, 905 210  4.668
O it,638 224 4,509
1 R0 50%1 0 5,985 4,7
180 4,490 20 5B
5.0224 0 5:.985 TR 4o 5-555
20 5.805 & 5,508
e 5. 70% 8o 5.218
60 5.5 0% 5115
o 553 .02 0  6.000 4,65
o 5099 20 5550
120 5,000 6 5,915
Bo 4,905 € 585
oo R g0 5,813
205 4,245 160 5,405
50225 0 6,013 A48 20 5,008
20  5.01% 0 34,935
40 5.823 156 4,%05
80 5585



74

i &g 2 4 1 z 3k
5,053 O 6,013 4,33 60 5.6%

20 5,082 80 55565-

0 5.5 100 5.448

6 530 20 5.5

8o 5.085 10 5,143

100 4,963 v h,908

120 k842 190 4,85

1Mo 4.585 210 hoyse

10 b8 2% 4501

B &5 3.0%06 0 6,033 h67
5.0%04 @ 6.000 4.5 20 579

20 5.9 W0 5,490

&0 5.845 6 5.7

60  5.6% 80 5.238

80 5633 05 5.00

0 5o 5,007 0  5.973 4,63

2o 3.300 20 5.3

0 5.9%0 0  5.885

1% B8

10 4,500 0 38z

212 bh.305 80 5w

00 5,390

5.0308 0 6.085 4,54 120 5,014

20 5990 o 4.9%3

40 5.91% 150 6,273



79

. S A 2 A U A K
50308 €@  6.005 4,33 100 5.6k
20 5.98 120 5.338
1o 5,50% WO 5,165
60 5.300 170 .9%6
8o 512 190 k.89
100 4.9%8 210 4,757
we 4508 227 4,473
i: zii 5,68 0 6000 667
‘o 285 20 52y
5,009 0 5.9%8 4.9 60 5,688
200 5,95 86  3.265
W 5888 1 B L)
0 5.0 8032 0 5,99  4.63
80 5,643 | )
100 s 53t 20 5.8
220 6,980 10 34505
, €0 5,88
w n s
190 b5 m 50558
s 2O 9.005
210 5,35
W0 &7
5.0%0 0 6.045  b.5h 150 4,508
20 5.98
W0 5,900
6  5.680
80 5,513



76

T 7T % % . S .
5.0%1% O 5.985 b o350 £0 5,570
20 5,23 W 5.5
£0 5,525 W0 5.212
80 5.2% 1% 5.085
100 5.020 190 4,913
120 4,823 216 b.822
ko y,528 227 L.A443
o e 505 0 595 4.6
W0 b.a2ds ' o e
20 5.773
85,0518 © 5,982 b.56 W 5.620
20 8,543 60 5.498
& 5,800 103 4,865
s 5,658
100 5,518 |
120 L G7% 20 3.0
ek 8 5,8%0
150 4.865
66 5,800
_ 80 5. 727
100 5.356
5.088 0 6.005 b,5% 120 4.869
20 5,965 10 4,97
w5888 W 4235
5,0%18%
60 5,657

50019 o 6.070 b, b6



1 2 % "B 1 —z % b
20 5,885 60 525
Lo 5,763 80 5.208
60 5,625 10% k,903%
1;'2 ? j‘; 5082 0 5.985 4.8
120 5-158 20  5.808
140 5‘962 0 o8
1% h‘m 0 7o
T 80 5,723
19 4468
203 4,908 00 3,372
' 120 . 4.863
20 8,000 146 4,817
b0 s 8 .
5% 50323 ¢ 6.000 5,43
&0 5:658 '
6 5475 20 5,97
100 s’m KO 5,713
120 9'555' 6 5.28
N i B0  5.%63
170 500 100 5,108
ign h'w 2o 4.9
o U0 5605
210 k688 |
W L%
226 & 478
B0 b7
5.0%1 0 6,000 k.69
&0' ;m a0 5.823
a W0 5.7%



73

i~ 2 3 5 23
60 5,608 80 5,115
8o 3,488 100 5.012
100 5,123 20 b.800
120 5.029 A0 4,638
1460 5,917 10 428
170 k682 180 4,208
150 5,338
205 6,275

5.0325 0 6,028  h,b9
20 5948
40 5,885
60 5,600
80 5.513
100 5,540
120 5.200
160 h.963
170 4,893
190 4 .808
210 k705
224 5483

8.018 0 5.7 6.3
20 S5.9085
40 5.572
60 5,548



73

Tnoide diazeter of perspex tude ee 381 Crmg
Length of perspex tubde e 30 Crus
Inaide diareter of svirl chamder ,, 11,5 Cms
Inside dlozetor of tangential ontry .« 1.0 Cms
Gorrectien faotor for refrsetion vs 0.87 Crs
Run Detance § Adlr Average Mq" Run ¢ mﬂan- ALy Average
Noe Along thg Core Core Dig~ Bo, | ce Alorg Core jAiy Cor
Tube Diazet~ | matay the Dig~ Dia-
Axis oy :nor Pﬁb: nmeter mfgr
‘ ‘ aftey
e on Applyin
torroction refroc-
Cm; Cos Cms Crs _Ctr:l kt"._%gg’gg
1 2 3 b 1 2 3 ™
5.0%01 10 B2 2.9 g.0%3 10 3,300 2.b3
25 3075 29 3.220
4o 2,935 ko 3,050
55 24900 55 2.988
70 24900 7 2.832
80 2,5% 88 2.761
1) 2,53 00 2.683
g.0%2 1o 3.276 2% ny 2,%3
as 3.100 13 2.6%.
Yo 3,033 148 1,750
2 3020 Sokoh 10 3273 2.2
0 2882 X 3,080
89 2.566 6o 2.9%
123 2@1"0 m 2 ‘5m



Table - 9-1“ {Contd,)

80

2 2 3 N 2 3 | b

110 2,472 300 2,610
130 2.37% 22 2,036

o 2.8% S.o%8 0 3255 2.0
| 65 2584 a5 3,216
S.0%5 10 3,318 2,26 %o 2,05%
3.3 55  3.0%
50 3.01% % 2.08%
X 2.78% 85 2.8681
90 2.6h0 WO 2.7
W 2bgh Ty 2.m8
130 2+378 1% PR
150 24230 e 1.5

17 LYo

o | | S.0%9 0 3,260 2.8
¥ 006 10 .15% 258 - 3,088
28 39093- S 2.9%
ho 3.00% 0 258"
| 55 3«.989 %0 2,577
70 3,000 30 2,38
8% 2,590 13 2,368
5.0007 10 3.2% 27 % 2,20
a5 3229 165 1,875

0 3.0% $0%0 10 3,300 2,27
55 3,015 » 3,229
7 249 % 3.8k

8% 2720



Table - 5,1b (Cantd,)

- 2 3 % 1 2 3 b
20 2487 hot13 10 3.0 2.4
90 24760 25 3,39
11 257 b  3I.q%
130 2.%3% 55 3080
150 2,390 7 2,993
165 24,078 8%  2.9u2
8% 1.,%°% 100 2.81%
| 5 2,77
SONIL 10 3,162 2,56 s 2.7%
| 130 2,520
25 30% s 1,525
%  3.019 B
58 2 :995' 5.041h 10 3.32h 2,48
W 23%9 30 3&125
87 2% 50 A.056
' 285
5 L0812 i 3.288 2452 n 4578
‘ ‘ 9 24725
25 3;39;5 .
uan 2,565
W 3072 W 2.5
55 3,010 e
| 160 2.362
70 2.581
85  2.9% 50815 10 3,335 2.k
100 2.828 3 3.2
123 1,998 50 3.0%



Zabls - 5,14 (Contd,)

82

1 |23 % [ 2| a] 3] »
o 2875 5% 3,000
w 2&725 ?\9 209”
110 2.600 85  2.9% .
1 2.9 00 2.402%
1% 2.3% 115 2780 .
go  2,3% 130 2.5%
8 1,h08
5,086 10 3.5 2.8 w9
2% 3,080 5.0539 I 3.339 2.8
ho 3.060 3 3.280
55 3.000 50 33021
86 2,548 90  2.8%
b v 1) 2,525
Ty 10 3.260 2.5} '
29 3.7 1 2,40
= 180 2475
ho 3.008 |
g% 2,082 50820 10 3.3% 2.5
n 2.9% B 3.2
8% 2.9M 50 3048
00 2.800 70 2.879
ph 2,079 50 2.7
130 2.9%
S5.0%8 10 3,303 2.%3 ‘
o5 3.180 30 2.930
L] :
150  2.%%
% 3.1 *
180 2.299

CENTRAL LISRASY UPITASTTY CF 20CDAEE
Li HORKEE



Table - F,1% (Contd,)

&3

1 2 3 b 2 2 3%

5.0501 b 328 2,5 D 2.8

29 3.o0Mm 00  2.798

o 2.958 o 2.8

55 2,932 3  2.%0

2 2.8% WBo 2.0

85 2463 65 1,765
5.0%02 Ip 3.315 2.2 5,0%5% 10 3.22%9 2.26

3 3.1% 3 i

% 3.008 50 2,970

7 2.762 2. 2.8

90 2,777 90 2,720

o 2.5% 0 2,498

123  1.90¢9 130 2.280
5,053 1o 3282 2.3 150, 2225

P 3.225 187, 1510

% 3o 5056 10 324 2,57

0 2.825 25 3.053

90 2.632 Yo 3.013

no 2,3% 55 3.20

10 2.0 n 288

WS 1,055 8% 2.52%
5050 1o '3.230 2,3%  5,0507 10 3.280 2.%

3 3225 B 3.088

5% 3.209 5% 3.1



Table - 5.1 {Contd,)

84

1 2 3| s 3 2 3 | »
70 3.06% 76 2.8%
90 2.§50 o0 2,660
no 2.5 no 2w
122 1.9% 130 2.300
5.0%3 1 3.230 2N ::: ::z
B 3.3 .
50 3.025 5.0502  Jo  3.225 R’
0 2.860 29 3.2 -
30 2,433 b 3.0
U5 2.%% 55 3,125
130 2.40 7% 2848
Y 1.929 8% 2,549
50500 10 3.257 2.3 %.0512 Yo 3.22% 2,56
32 3.2% 3 3.2
5%  2.5% %  3.128
70 25 . 3.0%0
o 2,77 90 2.0Mm
110 2.050 319 2,689
1o 2.57% 23 2.3%%
Bo 2B gy wm a2
o 3.1
- 5,0510 10 3220 2,27 S0 3320
B 3% | x 2-860
5 2,980 90 8,700



Table - 5,1% (Contd,)

535

1 2 3 3 b | 2 3 L
1o 2,700 7 28%
- 130 2.569 85  2.5%
1 2.1% o
. 5.0517 10 3.270 2.62
5.051% 10 3.255 2. o 3.225
' 30 3.1% | 50 3,200
5% 3,09 70 3.065
0 2920 90 3,000
90 2419 Mo 2.93%
10 2.590 123 2%
;: :;‘:;: 50518 10 3.3% 2.%6
: 3 3,180
5.0515 10 3.213 2.39 %  3.13%
| 0 3.7 | 0 2,95 -
S 3.02% S0 2,728
7 2.839 U0 2,75
90  2.8%% 130 2.3
1o 2.6% s 2,050
130 2.5
o  3.528 5.0519 10  3.258 2.4
180  2.030 2 3.25
S50  3.07%
50518 10 325 241 70 287
| 25 3200 90 2.780
Y 3.210 9 2.0
58 3,00 130 2,529



Tahle - 5.1% (Centd,)

&6

1 2 | 3 b 1 2 3 b
159 2,%%% 50603 10 3,208 2.3
' . il
5.0520 0 3,23 2.% 3::: :O:
0 340 70 é‘ahs
50 3.0 . ;6 %
20 2.97% P2
% 2.1 no 2,325
10 2i?aa W 2ans
e %% 1,8%
130 20933 o
150 2.520 5.060% 13 3.290 2,3%
183 2.155 I 34195
50  3.29
.00 10 3,230 2,5 o 2,865
25 3.085 % 2,800
ho 2,09 |
5 2 ? o 1o 2465
7 1% 2.32%
70 2.85%5 ‘
85 2.505 2% 2280
"’ 165 1,829
5.0602 10 3,35% 2%  S.0605 1 3.2 2,28
30 3.4 | 3 3,058
%0 3015 5 - 3,008
0 2.08Y 70 2890
90 2.79% 90  2.70%
110 29575 110 2#"%
124 2,009 1 2.4



Table -~ 5,1b (Conta,)

&7

1 |23 b 2 3 LY
1% 2,239 5;06@ 10 3.280 a.‘!Q
87 1,45 30 3.178
' C ' 50 2.9%
2 2e :
T 24780
% 2.975 1:2 2 m
F . . " d
: z;z: 336 2.610
| 15 2.57%
8% 2.65
145 1,915
7 10 3.3 2.3 = - .
5e060? ¥ 3.128 50620 10 3.2% 2.2
50 2.955 o 30
90 2,768 o 28%
310 2!% %0 2.%00
1%  1.995 e 2.h0
- 130 2,305
’51&508 10 3&0 zi'n 15-0 2 ‘aqg
3 3.8 189 1.0
% 3.0% '
70 2.8% 20611 in 3.2% 2.82
10 2.6 % 34089
10 2.3% 55  3.098
™5 1.980 n 285%



Tabje - 5,14 (Contd,)

i 2 w3 5 I 3 2 3 W
85  2.%0 5.0615 10 3.228 2,

50612 10 3.29 2. 30 3.0

» 3.5 50 .3.04

S0 3,007 70 2.86%

% 2.48% 280

9% 2,7 Do 2.68

o 25 1% 2.5

125 2,028 150 2.508

B2 2.7

C 50613 1 3,345 2.0

B 3.585 5.0626 10 3.2 2,60

S5 3.8 25 3.5

7o 2.8% Y . 3.059

90 2715 55 3,080

410 2.0 28

0 2,590 8% 2,525
B 2.8 5.0617 10 3.29% 2%

.06 10 3.270 2,47 o 2.3

k] 3465 0 3.4

%  3.000 0 303

7 2.919 90 2.9%

90  2.02% Uo  2.92%

W 2.93 - I R
10 2,55 5088 W 3375 2w

Vg 2.8 B 3448



Table « 501‘" {Comtd,)

oY

1

BE

%0610

50820

50
Y,
90

110
Bo

1h

Ees 3oy

EEEgzgwvws

3,120
2,98
2,895
2,7%
2,505
2,028

34300
3,148
3.09%
2,900

| 2.796

2,638
2,536
2,195

34350
325
3.089
2:9%
2,815
2,765

2.

2,45

3&E|~]

2,535
2,55
24125




DATA Ol AIR CORE IIANSTER ALONG THS TUIDR AXIE

Insidg dianeter of perspex tube
Length of perspex tude

Insido dlareter of svirl chombor

e

Inside dlamater of tangential entwy .,

Corpection faotor for rofraction

L4

2.,5% Cas
3% cCnms
10.30 Cos
1.27 Chs

0-?9? Ciey,

30

" Run | Distan~ My Ayerage | Bumn Diﬂ'.m* Aly | Averugo
Ho, oo Alonf{ Core | Atz Core Ho. ce Cors { Alr Core
the Din~ | Diametay Along | Dia= | Diaretay
Euﬂbu poter A&ft'l; ;uh& retex ixfur
‘ ) . l . '
{Axds { Applying, e rgpl:ins
corroct= | tion
i COrPOt-
. tion.
Cra  Cms | Cwms Crg Cos Crg
1 2 3 b 1 2 3 b
50701 0 2.4 1,42 540703 0 2.262 10
10 2.0%3 15 2028
20 2.012 3 1.9%
L) 1,885 B 1,902
ho 1.736 60 1,728
60  1.6hh as 1,299
50702 O 2,133 193 so0%m% o 2,383 1.3%
13 2,090 . 1% 205
30 14933  197%
LY 1.832 he 1,024
éo 1,665 60 1.769
70 1,665 720 1.730



g1

Table ~ 5,29 (Contd,)

1 s | 3 N 1 2 3 |8
8%  l.3% 5.0708 0 2175 1.b3
100 1,163 " 19 . 2.108
5.0%% 0 2.23% 1,27 3 '1'98;
15 2,180 . 4e9
60 1,560
30 1.980 20 1700
%% 1,500 . 1’%
6  1.7% *
20 1.65% 540809 0 2389 1,35
85  l.319 15 2. 1%
0 LA 3 197
10 1.0% ¥ 192
| & 1,
30706 0 20 13"3 ' 7% -
0 .72
I 28 : :
.20 ggoglp 59 . 1.3?5
| | 100 1,150
%0 . 1810 50710 0 2,265 1,33
50 1.67% 15 2.19%
0 . 1,678 2 l.99%
. L 3.3¢c
5.0%7 0 298 147 ’ %
. 6 182%
15 2@176 ot
. 30 1,960 Y, ¢ 1,780
* !
5 1.3
omh ::.:n 1 3::
&} l.?"? ‘ -
| 10 1108
70 1.4 -



Table « 5.5 (Conta,)

1 2 3 » i 1 2 3 b
507 0 2177 1.4 60 1.807
o 2,083 % 1.750
20 1,998 8% 2
2 oW 9?7 L%
: iﬁ; 5,071 0 z.;zea P
| 15 2,203
58 l.4% |
_ Y 1.95%
5.0722 0 23a% 1,51 hg 1,900
15 2+183 60 1.911
B 2025 70 lGw
hg  1.92b g%  1,3%
6 1830 100 2.2%
@ 170 09  1.09%
$o713 0 220 14 5006 0 220 LW
2% 2.229 1 20
‘30 L.930 0 24089
W 1,020 B 1,915
6 1.l Mo 24900
M 1,760 50 1,669
86 14350 56 1578
.00 0 2.272 148 %0717 0 223 1.5
15 2,222 1% 2a%
0 208 o 203
¥ L.8% W 1,925



Table - .15 (Contds)

O
L9

1 r:z 3 B 1 2 3 5

60 1,500 8%  1,3%

67 1778 100 1,20
soms o 28 L wooas

15 2,25 50801 0 2,J0% 1M

3 20% 10 -3e982

% 2,019 20 1.9%

60 1,967 30 X87%

2 1900 o 279

85 14870 5o 1.6M

90 1.780 59 1,629
5079 o 2190 1M S.0802 0 200 1,37

1% 245 1 2015

2042 X 1.8%

48 14900 45 1.79%

60  1.81% 60 1,620

0 1790 7% 1,490

85 1.7 50803 0 2,13 1.3

9% 1.0 18 2062
5.070 0 220 32 2l

15 2.2% by 1768

3 2,080 &0 1.682

b 2.8% 20 14669

0 18% 89 1,30

0 1,600



Table ~ 5.1% (Contd,)

o
s

1 (2 | 3 v I 2 2 3 5
£0808 0 2™ 130 50807 0 2,20 .39
15 2.05 15 2,00
30  1.903 0 1.38%9
48 1.9%3 48  .800
6  2.6% o 169
% 250 M 1.600

85 L3 50808 0 2,120 1,38
100 1.188 | o
| g 15 2.023
$.080%5 0 2206 1% 3o 1,06
1% 24% 48 1.820
30 11‘?‘99 60 1,725
L] 19950 70 1,700
6o 1,20 88 1,415
™ L% 50800 0 2.4 1.3
85 1.399 '
15 2,090
100 1290 | |
N0 1.000 b 5%
' b 1902
F.806 0 2,100 10"1 60 1,745
10 1,980 0 1,688
20 1979 8y 1.!'00,
o u87e Wwoe 1,25
% L0 5,0000 0 2,195 132
: :::z i 1% 2278
' 30 1.969



Table - %,19 (Contd,)

99

1 2 3 L K} 2 3 b
4% °  1.87% 60 1,768
& 1,764 70 1,20
70 .72 85  LW»7
8% 1.5 R 3.5
1’2 113:: 5.081% 0 2,27 1.9
' 1% 2.163
5,081 0 24166 1M 1980
10 2073 o 10937
20 24080 6 1700
0 2900 n 60
ko 1.821 85 1*393
50 1.6 9% o
57 .65 5.085 0 223 LY
5,082 0 2,190 1.%3 15 2,17
13 2.05 3 1.955
2 1478 % 1907
by 1,875 60 173
60  1.679 70 1.713
87  1.8% 8% .30
50813 o 2,25 LI 00 L%
B 2% 107 1.118
189 5.0816 0 2.225 192
%  1.82% 10 2.089



Tabla ~ 5,15 {Contd.)

a Ja | 3]sl a 2 3 | &
20 2% 70 1,7%
B 2,080 8% 1,75
% 1,95 98 1,625
o e 50820 0  2.285 z..33
% 15 24260
5.0817 0 2J9% 1,47 2 2079
| 15 2,095 ¥ 1.9
B 2,000 €0 1488
W8 1.9% 7 1,678
60 1,730 8% 1.3%
6 1.%% 100 1,%0
5.0818 0 2.8 1.3 oW ax
15 2.5 5.0902 )] 2,150 139
3 13% 0 2,07%
b5 1.0 20 2,000
& 1M 3o 1,8%1
0 1.609 ho 1,605
8%  1lJg0 5o 1,656
90  1,1bad 6  1M%0
5 0889 0 2,17% 1MW So0002 o0 2115 1M
19 2188 15 2an
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1 3 3 ¥ 1 2 3 Y
88 1,370 50 1,305
50009 0 229 L A0
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@ 1778 % - 2,72
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100 1,03% 5.0013 O -23 o 13
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¢ 2808 2 . 1,49
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109 0 D9s o 2:050
5001 0 0,285 1.2 b8 - 1,880 -
1 01 66 1,70
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Ius:}do diamatar of the inmer tube - 2,84 cng
Onf.sida diameter atutha innoyr tude = 3,18 cag
Ingide- diametar of gwirl chamber =10,30 cna

Ingids diameter ¢f the tangential -
entry « 1,27 cog

Leng!:h of thg inner tube (tost ssation)-114.5 cna

160

Pregsure of streanm « 1,5 kg/cma
; _ - |
Run Ho, {0 S em of I ot e | sate | a1/
Salt Soln, 0g Rate it/ | hr o
(% by Idt/sacd nin,
sight)
o
5,160 1 40,0 45,0 111,37 0,68 N1 1555.5
5.1602 1 40,5 u,5 111,37 0,87 Nl  1591.9'
5.160% 1 40,% bh 0 111,%7 1,02 W1 1717.7%
5,1604 1 40,0 3.5 111,37 1,13 K1 1789.4
5,1605 1 40,3 b9 b 211,37 1,35 M1 1896.2
5.1606 2 41.0 h6.5 111.37 0.69 5.0 1768.6
5,1607 2 b1.5 b6.,5 111,37 0,79 5.0 1847.4
5,1608 2 42 ,0 46,5  111.37 0.%2 5.0 1943.5
5,1609 2 h2.5 46,5 111,37 1,06 5.0 1997.6
5.1610 2 b2,7 46,5 112,37 1.18 5.0 2115.7
5,1611 3 1.2 46,5 111,37 0.7% 5.0 1805.5
5.1612 3 b1.6 46,0 111,37 0.% 5.0 1887.4



Tabla No.16 contdisesss

i e 3 L 5 6 7 8
5.1613 3 02,2 460 1137 1.0 5.0 1957.67
56,3  X1,37 1,38 5,0 2150.00

541615 3 43.0




In;y..du dinmater Of the Lnner tubs ~ 2.8 emp
Outoide diamster #f tho imver tude = 3,10 éna
Ingide diamstor of sxial inlet - 2.6 onn
Lsngth of tho fonar tube (teet wnuan)-n&.ﬂ oBo

102

Progoure of gbreon - 1,5 ke/exf
T i L

of Salt Rato

Soln. 14t/ mac,

| |

S S g 7
51701 1 40.5 46,0 M7 051 1297.68
5.202 1 10,5 4,5 1137 073 1355.78
5703 1 0.5 43.6 111,57 1.02  1495.23
51708 1 40,5 43.0 191,37 1,19 156147
51705 2 4045 46,0 211,57  0.51  1297.68
517206 2 10.5 bb.5 11,37 0,76 139067
5407 2 40,5 43,5 1,37 1.08 w727
51708 2 k0.2 43,0 111,37 1,23 1554,93
517209 3 40,45 86,0 H1,37 0.5 L7?.24
51710 3 10,5 k.5 W7 0.5 13
51711 % 40.5 43,7 111,57 0.99 148065
572 3 41,2 8,1 37 136 156,03
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CHAPYER VI
CORCLUSIONS AND RECOMEGNDATIONS

6,01 ccmBHSIOHS

Fron the pressnt inventipgation the following
wng concluded.
3 Swirltng flow cab be obtoired by injecting the
Iiquid through two dlamstrically oppomite tangentinl
inlote. Ipn ordivary tangantiol entry owdrl Llown the direo-
tion of flor of 1iquid at the mxio of the tube s found
to be in n direction opposite o thyt of bulk flow. However,
by inducing air ot the axim of the tubs the flow revaerpal
oan be aliminstad and a otadle flow with umifory air core
is sandly obtnined,

2 Apart from tube diameter,; tube length and itquia
tlow rate the pressure drop in swirling flows depends upon
the asirl chacbar dinmeter, tangontinl inlet diarster,
donpity ond viocosity of the liquid.

LR Bepivienl squation { 5.01 ) for calouloting
progonned drop in seirling flov with out fiow reversal
won found to de velid for water as well as dilute aalt
golutiong,

h, Ag in the camse of woter the air core dispetoer
dependn anly upon tube slze, tangentinl inlet dfgmeter and



gwirl chonber pize for diluta sold golutions almes Tigquid
flow rate and viecosity of liquid do not gsem £0 affoct
tho air core digmeter.

5. Alr core length increaszos with inorepsing liquid
inlot volocity, tuba diamster and bangentisl inlet dlosoter,

6er Tho air rate doss not osoon to have any cigniflcant
sffact on prossuve drop, alr core diameter and air coro
langth, Howover; the stratificntion of nir core ot tho

down géroatt wns obgorved at higher air ratep,

& Ovrarall hant transfor rates vere found to

inorenme aignificnnetly in swirling flow. In a double

pipe haat exchonger the overail hapd transfar cosfticionts
for owirling flow incrense by 16 per cant for without induced
alr and %2 por cent with induced slr over ths ordinary

axial fiow.

1. Solutions of varitus snltae oand other compounds
of hdghor-concentration wuet B0 studied to corpute moro
pracisaly the effect of visgomity and donaity wardation,
2, Slurries of lnrge cowncuentration vardintion mat
ba used to atudy the affect of cantrifugal force imparted
by swirling nmotion on the particles of different dengity
in ths alurries,



[
Lo
cn

3 Coaprebionaive heat and tosp transfer atndies by wwshbe
carriad out using concentrated solutions ohd alurrden

to sdomlate industrtal heat and oogs transtor

equipseantsa, |
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SAMPLE CAYCUIATION FOR CAICUIATIRNG OVERALL HBAT TRANSFER

CORFFICIENT®

outside diamoter of the tiuba
Insido Aicrotoer of tha tube

Tongth of tube
Heat transfor sron

Inlot temparaturs of ths liguld
Cutlet terpernture of the liguid

Tomparature of stean
Idquid f£low rats
Haos flow mata of liquid

Rims in tempoerature of ths liguid

f&y” =40) =« (mlS? - 45)

= 3,18 can

= 2,84 coa,

= 114.5 ons

=%, 24%3 , 16234 520"

& 11,43 o

= 40%

= 45°%

= 111,37 %

= 0,68 1it,/poc
=}.68x1.000 kp/snc
= 0.68 kg/soc.

= 5%

= 68.84

LMD e

Oversll heat tranafar coefficient (U)
0681 ,0x3600%5"

-

11,4310 %68 .84

# 1855.58 Kosl/ v° OC. b,
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