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CU) 

Hydrodynamic studies of dilute nodium chloride 
salt solution of ones two and three per cant concentration 
in marling flow an long horizontal tubes and heat transfer 
studies in it swirl flow double pipe heat exchanger aro 
conducted. Two tubes of 541 etto and 141 eta Z.D.. 
and 380 ems length and one tubs of 2.54 won X.D. and 285 
ems length yen employed for the hydrodynamic studious 

Two swirl chamber° ans of mild "stool having 11.50 ceW 

I.D. and 140 coup I.A. tangential inlets find other of 
perspex having 1D*30 ems I.D. and film different pate of 
tangential =trio° were used for genorating twirling 
flow • An aluniriuta 0040 swirl chapter* hating same 
dimension° as that of peropaat twirl eta:mbar* was Tined for 
the beat transfer studies. Only 040 not of tangential 
entries of 1.27 eta I.D. out of five nate wan used 
ft both hydrodynamic and teat transfer studious 

Predicted pressure drops for oft the runs 
tarn for hydrodynamic studies for various seta of 
Parameters were calculated Using Sburnaai21) generallood 
correlation for predictingprenoure drops in long 
horizontal tutees for swirling flow without taverna-1.M 
was Obmarired that correlation was applicable fOr diluttr 
sodium chloride molt nolutiona also for the ranes of 
concentration studied with ± 20 percent accuracy. 
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Correlations for predicting pressure drops' 

for swirling floe without reversal for all the throe 

tubes were pro0posedo which could to applied with 

less percentage of senoras 

(a) For APp  5.41 map Do  11•50 can and Di 1,60 ens 

a 2.98 it 104.2  

.4).065 S 4.18 

[ i 

Applicable with 14 % accuracy, 

(b) For ‘1 a 5,81 cos, Da  w 11.50 ono and N,  1.460 0140 

LP go  

4 

D 1266  

Applicable with + 4% sacuracr• 

(c) For pi 3.54 assn. Do  *r 10.10 an and Di 1.27 ens, 
Dm  a0,15 ve a .065 4.18 

14} 

	2.6 
tin 

Applicable witb + 56 accuracy. 



(iv) 

Affect of change oS tube dteeeteri air rates 

inlet velocity, salt concentrations on nvesure drop, 
air cora diameter end length were studied, 

Overall beet transfer coefficients for all 

the three salt cOmcentrations ening swirling flow end axial 

floe on 0 double pips beat exchanger Were investigated. 

An average increase of 16 per cot and 32 per cent 

in overall boat transfer coefficients' wa observed for case 

of no induced air and induced air respoctiVelys 
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The overall economy of n Chemical proceon induatry 

depends On how foot are its transport praetorian. The 

rate Of beat transfer or/and moon tranofor i.s n function 

pr type of flow and boundary conditions of the amid at 

the surface of the exchangers' There le an everlasting 

demand to increase the point velocities cm the Reynold 

number. to SAY morePreartly to increase thee* transfer 

coefficiento at animus of premium looney; and by 

evading the costly equipment n far no possible. The 

point velocities cantos increased by heaping the contact 

time (or residence time of the fluid lathe equipment) 

neenlY name by swirling flews, 

The nwicling flow inside a long; tube can be 

generated by nay one of the following methods* 

(i) By rotating the tubs through which the 

fluid is tmerld+ 

(ii) By introducing fluid into the tube with the 

help of guided wanes. 

(Iii} i  introducing twisted tape In the tube through 

which the fluid in pumped, 

(iv) By introducing the fluid in the tube through 

tangential inlets. 

1 
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All the above mentioned method,/ have been a 

subject of research workers interest. Some of them 

have been ccumerolally Used with auccesa. Rent treinafer 

studies (man) in double pipe heat exchangers while 

rotating inner or outer tube have sham an increase in 

convective heat transfer. In a constant power 

comparinon between tape induced swirl flow anti straight 

floe heat transfer studies (24) have indicated that an 

improvement of 20.623 percent can readily be obtained with 

the help of swirl flow, Gambia at aX (11,25) have obown 

that in swirl flow generated by twisted tapes, burnout 

heat flux could be as much as two and .half tines larger 

than the axial, flow Walden at the game pumping power. 

Kirov(26) ha* indicated that an overall boiler efficiency 
was improved by about six percent by utilizing inserta in 

the flue gas tubes of the air preheater. 

A eritioal appraisal of the available literature 

and difficulties observed by various workers ut414ritg 

different techniques of swirl flows have been diacusaed 

by Sherma(al), In ease of rotating tubetmaintenance 

of seals and replacement of meting parts because of wear 

and tear beeomes very expensive. Since it LO not 
a 

Dcestble to rotate the tube at,jvery high rpms only low strength 

awirLieg motion can be produced. In. case of guided 

vanes technique it is difficult to produce strong swirl. 
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Twitted tape mechanism prevents a cmcd.oneVTohloo of 

alignment of twisted tapes in long tubes* 

Tangential inlet technique far producing twirling 

Mow swore to be good one(21) time it does not involve 

any Cowing parts and there is nO obstruction in the 

Path of the fluid flow. Prinoiplo oftwirl flat generation 

cab be anderetood by Figure 1410 showing formation of 

swirling flow by two tangential Inlet*, An the liquid 

enters through a tangential, inlet tia•10 it take° a 

swirling motion, and as it meets this liquid tree the 

tangential inlet noas it is pushed towards the contra 

of the tuba and give rive to swirling motion,, Thin nuts 

riling motion can be of two typew. 

(i) Forced vertex Ilan in which angular velocity 

is contant. The linear velocity at some 

point is' directly proportion" to tho radius 

from the centre of rotation.  

(11) Free wort= motion in which themormat of 

momentum is radially consorved such that the 

Tirade** of the tangential velocity component 

and radium at any point within the main body 

of the liquid is constant to 

VZRIF .fl. a 	 a..ca) 
Whore •eLis generally known as eirtulation constant 



F
IG

.  
I.
0
1
 P

R
O

D
U

C
T
IO

N
  O

F
 S

W
IR

L
IN

G
 F
L

O
W

 

T
A

N
G

E
N

TI
A
L
  I

N
L

E
T
 N

o
.  

1 

T
A

N
G

E
N

T
IA

L  
IN

L
E
T
 N

o.
2
 



The swirling flow produced by tangential Inlets is 

more of tree vortex In nature (9,10)* 

From equation 1.01, as the radius appreachea 

gem velocity emPronnhes infinity which is hydros 

dynamically /movable. The axial component of velocity 

hoe been reported to cavitate near the central axis it 

the twirl etrength is low. At higher values If twirl 

strength a complete reverent of natal covenant was 

observed* Higher swirl strength give rise to Tacoma 

of such it degree that a central air core is produced* 

if the system is able to suck air at the axle of swirl 

from -semenource, if this air passage le mated, the 

liqmid Itself vaporisers to give rise to a vapor core. 

The phenomenon of flow reversal in swirling 

flow had been detrimental to heat and haus transfer 

operations. Shares (21) has proposed a technique to 

produce swirling flow in long tubes without sib► flow 

artereal, it natural or pneumatic air is allowed to 

enter at the axis of the tubs. 

Having overcome the flow reverent in marling 

flow, this field has e greet scope of studies for academic 

as well as lnduntrial interests and apPliontions* The 

prevent work was under taken for carrying out hydrodynamic 

and beat transfer studies and to inveetigate the flow 

characteristics in swirling flaws of dilute sodium chloride 

solution in lone horizontal tubes. Moreover, the aim of 

the present work was to generate data for marine industry. 

4 
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Sodium chloride salt solutions Of one* two end three 

Per cent concentretions were used to study the effect of 

carious parameter' on pressure drop,. air *ore diameter 

and length in long parsecs tubes tar hydrado studies. 

two tubes of 5.71 cue and 3.81 ems Z.D. and 500 ems 

1004 and am tuba of 2.54 ea IX* and 185 cm long were 

'splayed for the purpose. Mite steel swirl chamber of 

1140  ca lops and  a ParaPan swirl chamber of 10.30 tasa 
Y.D. were used. Mild steel earl chamber was provided 

with one axial and two tangential inlete of 1.60 as I.D. 

while per 	swirl chamber with eta gaga and five 

different size cantos. Only 1.27 On IX. tangential 

inlets of porous swirl chamber were %med. 

Smperical correlations for calculating pressure 

drops have been proposed which were found in cenfirmity 

with the gemsral correlation davalopod by Sharma (al) with 

e maximum deviation of v20% • Preliminary heat tranefer 

studies wore conducted an a datable pipe twirl flow heat 

eitehenger. An aluminius swirl chamber, having smse 

dimension's es that of verve= swirl chamber used for 

hydrodynamic studies for generating swirling flow. 

was used. Compressed sir at 10" rate was 

pumped through en air in let at the axis of the 

Swirl. flow. Saes mot of tangential entries* i.e.* 1.27 

as I.D. was used for heat transfer studies also.Seat transfer 

ceefficiento by using swirling flow and axial flow era colonial 

told for all the thee concentrations of salt solution on various' 



enthyor 
flow rates and keeping steam pressure 'natant,. On coeves 

risen batmen overall beet tranefor coneffleients by 

swirling flay and sulal flow it wee observed that 

there ono an increase of 16% in Gretna heat 

transfer coefficients bi using swirling flaw, when 

no air woo induced end UltX by Inducing air at the Nide of 

swirling flow at the rata of 5 Lit/nth. 
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The flow Characeteriatice of rotating means are 

of very seeh theoretical and practical impertancean recent 

yearn. a large number of experimentatand analytical 

stUdiee hie been conducted on different typos Of swirling 

floats. Sufficient week has been dona by 'name workers 

on owirl flow atomisers. fluid flow between rotating 

cylinder° and in curved channels. 

pulatively much flatAn* been done on 

ooworaaaibto owirling flow in tutees than swirling 

incompressible flow in long tubes, 

Swirling new Of water in a PIP() was studied by 

Talbot (2) by using a lens unperforated tube in which 

motion was induced by retatide Of a part of 

the tom. Swirl strength generated was insufficient to 

produce flow reversal but a diMatag of tea Nati velocity 

Profile at the centre of thrtube won reported. 

Mamie and Tears (2) conducted the experimente on 

the flow of a swirling water through a pressure nozzle. 

Observations were recorded when swirling water was 

discharged downwards under preeture through a large 

perspex conical nozzle. It wart observed that n boundary 

layer of forced vortex motion at existed around the free 



outface of the air core end when the swirl was sufficiently 
strong axial component of the velocity wan ravened in 
the upper part of the nozzle close to the forced vortex 
zone. 

Binnie(3) also observed the flew reversal in 
centre of the pipe when swirling now wag produced by 
rotating 0* pipe, Three alternative regttnes ware aboaread 
by dye injection technique 

(a) Down stream over the entire cross-tertian, 
(b) Up stream near the axis and down atm= near 

the tube wall. 

(a) Down etreem near the azio and the wall end' 
uPetrean in the intermediate region. 

Nuttol (4) conducted swirling fluid flow in a long 
perepox tuba got vertically and remounted by a cylinderical 
tank containing a ring of guided won, for producing the 
swirl.Nuttei observed. 

(a) At low rates of swirl. the Axial velocity at 
the pipe centre wile leap then the expected 
=sinus velocity. 

(h) As average axial velocity increase°, Centro 
Una velocity decreamo to n point whore it 
roVereed in direction. 

(c) ly further increase of the swirl by thereat:MIS 
the average vertical velocity, centre line axial 
velocity woe penal,* at the centre but negative 
in n narrow region between the axis and the wall 
of the pipe, 

8 
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Regime Observed kl►  Bahia (3) wore aloe similar 

although LUnnieln method of producing swirl was different 

than that of Arttal. 

Keith and Sonju(5) studied the decay of a liquid 

(Twirl induced by twisted metal stripe in a one inch 

pipe, Re obcorved that swirl decay° to about 10-120 

percent of its initial intensity in a distance of about 

SO pipe di/matey/. The decay used to be more rapid at 

mailer than at larger Reynold numbers, 

Place at al(6) studied the behaviour of air 

flowing through a spray drier by ncsaoying tracer 

technique. They found a region where a core of velocities/ 

oppoaita in direction to the primary flea ciliated, The 

eaperimenta revealed the pre eence of a zone of reversed: 

flew and they observed a region of downward vortical 

velocity located between en upward central cora and 

an upward velocity region adjacent to the wall► 

Flow revernal is not limited to cylinders alone/ 

it 'Uinta in ovirl prose:aro nozzle° end cyclow  oepn-
rators, Rinnio(2) found that vertical velocity 

component would reverse itaalf in the upper motion of 

the nozzle', under proper conditions of food preacure 

and swirl volecitY,  

Kelton (7) obtained velocity measurements in 

cyclone separator@ showing a velocity core along the 

central map apposite in direction to that which masted 

along the mall. 



Swithberg and Landis(8) studied the convection heat 

transfer characteristion in tube and velocity distri-

bution by twins twisted tape marl generator°. They 

concluded that. 

(a) The axial velocity rematne nearly constant 

over moat of the croon-sections while the 

in plane components Wear to be tangential 

and increase linearly with raiding. 

(b) The velocity field in halicoidal and 

corresponds to a forced vortex in the core 

suporimpoged on an essontiallY uniform Axial 

flow. 

ThoY explained that the bride were responsible 

for the double vortex flow pattern. 

Brogan at al(9) studied the amirling Of water in 

a vertical tuba in which twirl was produced by tangential 

injection of water from the bottom of the tube. They 

studied the preneure and velocity protllen to elucidate 

come of the factorg governing the phenomonan of reversed 

flew. There conclusienn regarding proaeure profile 

were _arfollows 

(a) The static pressure profile along any radius 

of the tube alwnyo showed a minimum at the 

centre with more or lean steady increase tomarda 

the wall. 

10 



(b) The static pronoun° neadurod at the eon 

dad r0000d °trendily down ntroan fron tho inlet. 

(c) The atatic pronaura profit° as wall ma the 

patterns of flow eotablinhod by the axial 

valocitioo yore primarily controlled by 

the variation of the tancontiol velocity and 

ito dam aleh3 the ozial. araction. Boundary 

lam growth unlearn to ba roolionelblp  tot' 
tha doubly retinal flow. 

Oneignazt nirordpvt Veloos" Lrofilort Warn An Ilitiar  

(a) Swirling,; :lo, produced by injecting voter at 

°outwit rata and taaaontially into a cylinder tbrouch 
two port& titUatod diametrical, Moat* to eaCh Othar 

io MIMI to ba steady and approminatoly cylindorical 
and coaxial to tho tuba. BOwaver• when injection of water 

woo ractrietod throw:ft ore bolo only, a npiamal core wan 

produced and the cylindorical oynretry Yap dootroyod.1  

(b) Podia vacation wore alamin small oomPorod 

to tangontial and axial vacation =coot in marrow 

regions poor tha inlet and out lot of the cylinder. 

(a) The toncentiftl velocity profile at:croon a 

radluo °hawed the volocity to incroana froze nano at the 
centre to a nnnimum at a relit:, mental, loan than half 
the tube rtdiump to hoop °toady for a further diatonic° 
and than to foil to zero again at 00 wall indicatina 



that the flow was essentially forced vortex in nature. 

(d) The mean tangential velocity, averaged 

accrete a diameter. steadily decreamd down stream 

from the inlet. 

(0) At low rates of flow the vertical velocity 

wao upward throughout the cylinder. However. at higher 

rates of flew there was a rimmed of flow at the min 

of the tube so that water flowed downwards at the 

centre, reversed direction near the inlet and flowed 

upward mbar the wall. 

King at al (10) in their inveatigation in swirling 

is compreacible tube flow took a oaten Dialler to 

Bresan(9)* atUdios were carried Out in a 2" I.D. teat 

section of inletleglam tubing 10 feet long held 

horizontally. Swirl wee produced by injecting total fluid 

through two symmetrical tangential inleteflk inch 

diameter. They obtained static Pressure and veiooity 

Profiles by using probe technique. Theo° profiles were 

determined tar teat motion axial flow Reynold numbers of 

10400145000.20000. and 25.000. Following observation 

were concluded for velocity profiles. 

(a) Flow could be roughly divided into tree and 

forced vortex regions, 

(b) At the centre of the tube a region of reverse 

axial flow was observed. The radiue of this 

region doorframe with inoreasivg Sao to zero. 

12 



(c) The turves of the tangential velocity/1 

velocity verb Z4 0  were developed no 

repreeentation of the swirl decay, 

Prom preasure profile*. they concluded that the 

°tette preemie at e given z/ao  increases monotonically 

from the centre line to the wall. With increasing Z/Vo, 

the cagnitudo of this gradient decrease° an the gradient 

producing swirl decay,. At the centre line the axial 
pressure gradient is positive for considerable distante 
from the tube,  

%obi/ at al .measured illothermai friction factor in 
their gtudiea on swirl flow heat transfer Of water (il) 
and ethylene gly0o1(12). For axial flow of glycol through 

a 3./4 inch Z.D. tube. the friction factors were clam to 
the atandard Moody ourva(15) for came relative roughage°, 

In end* of 81Ycol. the isethermol friction lector° were 
in reasonable agreement with the generalized awirl flow 
friction factor correlation developed for water and 
air data (14). 

Dergleo at al (15) candid out studies in rough 
tube(' with tape generated swirl flow, Pressure drop 
data for n variety of tabular teat aectione.. with 
low promure water system was taken and aloe various 
combinations of tubs roughing', and swirl flow wore 
tried. They propoaed an expreesion for the isothermal 
awirl flow friction factor. 

13 



Shirivastava et al (16) carried out the pressure 

endive in two phase flaw using swirl generator metal= 

strive. TN* (Sadisd the effect of twitted tenon and 

liquid phase %Mucosity in the two phase flow in horizontal 

pipes. Water and Glycerin' water mixturso were employed. 

Sharma et al (17) carried out atudies on the 

otribility of swirling flew in long horizontal tubos* 

On set and complete development of air core in enlrlihS 

.flow in long tubes have been shown photographically* 

They obeerved that injecting of air at the axial of the 

swirling flouvin long tuber, improvers the length diameter 

and uniformity of air core' 

Eta RIM studied the swirling flow in double 

pipe heat exchanger with a swirl chamber having five 

different inlet diameters entitle° using water and three 

concentrations of water glycirine volutions and nteam 

an the heating medium, Ste propooed a correlation to 

(intimate heat transfer coefficient far the 	flow 

Rao and Sharma(19) studied the performance 

of steel strip° of different pitch to diameter ratios 

as swirl generate:1r in forced convection heat transfer. 

The test ovation was electrically heated and fluid used 

was water. The hest trenafer coefficient was found 

to be rt /Unction of pitch and Reynold number end ita 
in the 

value increanan with increaseAnumber of twist° upto a 

particular value* They proposed a dinensionlesn corre-

lation for heat transfer coefficient* 



Behr and Kayo(20) obtained  experimental data for 

ditforont typeo of floe in an =ulna with an Simar ro-

tating cylindor.Tho boat tranafor data wore aubdivided 

into the following 

(I) Axial flow 4th zero rotation 

(ii) Rotation of inner cylinder with zero nial flow 

MO attars' caao of combined Axial flow and rotation. 

The heat tratafer data were correlated in tarma 

of Reynold nutbar and Taylor nunbor Over a wide range) of 

thee* variable° in tetras of fairly ample equations 

for tho rotation of inner cylinder with zero axial flaa. 

Shoran (21) carried out invoatigationa in horizontal 

tubes by taking different diameter° ram3in4 from 18 03 

097 am porpostobas. Ha studied the afloat° of 

various Parameters such an tuba diameter. tangential 

entry atirrsters flew rate° and viactsity on the stability 

of swirling flow in horizontal Ulna. Correlations for 

profs sure drop: air core length and diameter of the air 

core hive bmco Proposed. Be obuorvod that highsr 

rates of stir do not help much in increasing the air 

°Oro di. tar along tho length at tho upstroam aide 

of tho air core however, it increnoon the air core diasetor 
krauts the down atraam aide. High rattan of flow of 

stratification 
air calico thoj of air car* 	at tho domatmem aide. 

Furthers he observed that RPM of swirl +bort:woo in 

tha direction of the flow. 

15 



aloe/ and Oboth (22) studied heat trannfor in 

concentric beat exchanger with rotating inner PIPok 

They RN:cooed a correlation for boat tranafer coefficient 

using water and molaaee. 

Shams (23) studied overall boat tranefer coofti 

cient inn double pipe beat exchanger using water and 

steam an beating medium and reported substantial 

increase in the overall beat transfer coefficient by 

swirling flow, 

18 
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SIMILEICILEW=1. 

3.01 ZUZIMMISILIQUWEZIWISnlia 
The schematic diagram of the experimental set 

up used for the present studies, in shown in figure 5.01 

end n Photostat* of the gane in pinto 5,01. 

It consists of two feed tanks (1 and a) equipped 

with overflow and diocbarge connections. Salt solution 

ranging in concentration from 1 to 3 percent wag 

prepnrod by dial:solving sodium Chloride in water in the 

feed tanks. Two tanks were go connected to the auction 

of the pump (3) that liquid could be auokod frock any 

of the tank. Centrifugal pump of 3 BP and 4" size 

was employed for the studies,. The discharge line of 

the pump wag divided into three parts) and all the three 

Porte were connected to it twirl Chamber (4), Mild fleet 

swirl chamber of 11.50 et  T.D. and a perm** swirl 

chamber of 10.30 cm I.D. were mood, Mild steel 

gwirl chamber wag provided with taniammdal (5) and two 

tangential inletog (6) of 1.60 cmsii.D. while pernpea 

swirl chamber with one axial and five different size 

tawsowtint ontties4 Only 1,27 =nip. tangential 

entire* of vermin swirl chamber were used. An air 
inlot (7) yea provided for pumping air at the amig of the 

17 



new, One end of a lung pampa tube (8) 

was fitted with the swirl thrasher by stuffing box 

arrangemente while other end was kept open to the 

atmosphere. Two tubes of I.D. 5,71 ma and 3.81 ati 

and 3?0 cos long sad one tube of X.D. 2.54 saes and 

185 oss long were used for the purpose of studies. 

Inlet liquid pressararwere meesured by means of the 

calibrated pressure pups (9 and 10).Liquid discharge 

from the perapez tube Wgi taken back is Os feed 
*fluky Globe wolves were used to regulate the flaw of 

the liquid in swirl chamber sod tube. 

A trolley mounted compressor of 1 BP end 
working presuure 4 ate was used to nine" compressed 
air at the centre of the twirling flow. Flov rate of 
the air woo measured by *sans of rt wet gee ester (U) 

542 
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Sodium chloride nit solution ranging  frets 1 to 3% 

cencentretion was prepared in the feed tank by distal- 

wing eedlum chloride in water. Compressed air 

eras kept ready before starting the pump. Pump vas 

started after priming cmd opining all the appropriate 
solves of the flow path. The pretures, in the tangene 

WI inlet limes of the swirl chamber were equalised 

with the help of the globe valves and preseure gouges 

and provided for this purpose I 



When tangential inlet velocities were high enough 
to give rise to a free vortex type of motion., a central 
air core coaxial to the tube was obtained to a long 
distance In the tube by supplying compressed air at the 
cite of the flow. the teed discharge raters were measured 
by collecting the liquid in a bucket for a known interval 
of time and then measuring the volume of the collected 
liquid. 

Cathetoseter was employed to measure the diameter 
of- the air core alpiong the fun length of the air core. 
Air core length was measured directlY by a graduated 
male fitted up at the top of they're** tube n10128 the 
length. Air flow rats was measured by at gas flow meter, 

31.0) laitaaltfiatiiinniniatitiMMEIZSZOM 

The schematic diagram of the experimental set 01) 
used for the heat transfer studies is abate in figure 
)402. 

It consists of a feed tank (1) fitted with cooling 
fails(E) . Liquid was recirculated to thebest exchnnger 
after cooling in the tank. This tank Alpo serves the 
purpose of receiving tank. Liquid was pumped by a 
3 H.P. ntaintess steel centrifutraTurch 0) to the 
swirl chamber. A bY pass *sive (4) and control valves 
(5.6.7) ware used to control the flow. Inlet pressures 

9 



to swirl chamber. were recorded by calibrated pressure 

804008 (8,9 and 10), One end of the inner tube of th& 

double pipe beat exchanger wee conneofted with the swirl 

chamber (11). Swirl chamber made of aluminiunto having 

103 ems internal diameter end provided with five tan-

gential inlets of different diameter° located diamoas 

trioally opposite to each other. Inner tube of double 

pipe beat exchanger was a gtainleas steel tube (12) 

basins 0.D. a  3.18 cat end I,D. 2.811 one. A length of 
114.5 ems of this tube wee at seas Socketed by using 

4 n  steel pipe (15) along with other necessary 
fittinge. Beat exchanger was insulated with asbestos 

rope and cesented with plaster of parts, to minimise 

the heat losses. Tim entire assembly was supported on 

a mild steel stand. 

5.04 PRCCEDUR3 YCft CARRI/E0 WP HEW MOWER STUD/ES  

The sodium chloride salt °elution (ranging in 

concentration from 1 to 314) was prepftrod by dinned-sing 

spa salt in eater. The stainless steel pump wee started 
after Opening all the appropriate valves of flow path, 

Coal4m water wee allowed to pass in the cooling coils 

of the feed tank. Now steam tam supplied from the oil 

fixed boiler in the double price bent exchanger. Steam 

pressure was controlled by the help of valves and pressure 

20 
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6AUS00 Provided for this purvoca. inlet Prop:Wren of 

the tengontin117 / axially entering liquid were noted by 

the help of pressure gauges. The inlet and outlet 

temperatures wore recorded by aeon of a tberameoter. 

Molten* rate of the liquid was measured by collecting 

the liquid for n known interval of time and than by 

manuring the volume of the collected liquid. Only one 

WA of tangential entileow wns =Id for the audits. 

21 
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of ItETIkOD PMcams n PIElset113 race  

In any flow system or process Proaaure drop is of 
vital importance from the point of view of design and 
economy of the system, In the Dropout study total 
pressure drop wag measured by measuring the inlet 
presaurea of liquid to tangential entries with the help 
of calibrated ;measure rams, Any the liquid S. .ditro 
charged to atmoc phere. the inlet pressure of liquid to 
tangential entries gins the total preseure drop in the 
alatem. 

The total pressure drop in the oyatem can be divided 
into folic:wings,  

(i) 6P3.  a Pressure,  drop duct to friction in the 
tangential entry pipes 

62,2 a Pressure drop dun to /redden **Penal= 
Of the liquid in the swirl chamber* 

(ill) AP, 0  Radial preesure drc9 at the swirl usher 

(iv) API, a Pressure drop due to sadden contraction 
of cross-section 

(V) tP a Preasure drop due to liquid flow inside 
the tube 

Thua total Proretue drop 
AP a APs 	L1P2  41  AP, gio 624 4. AP, 	• • 0 .0► • 

	(4.01) 

22 
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(i) Fran-turn prom Dye TO Yriction Zn Tramentist“httry Pinaq 

Pressure drop in the line, though which liquid is 

fed in the (swirl chamber, can be calculated by tin help 

et Blausts friction factor equatiOna 

V2  
wino, 	 *02) • 280  

Where R 10 the length of the feed pipe 

As the creeesneetItm of the inlet feed pipe suddenly 

enlarges in the swirl chamber, the fluid stream esporetas 

from the wall and Sanwa a jet into the enlarged pection 

of the swirl chamber, The dot then expands to fill the 

entire cress-section of the swirl chamber. The apace 

between the apanding jet nand swirl chamber wall is 

fillod with the fluid in %fortes motion and considerable 

friction in generated within this space. If the velo-

cities at the two croarosections are Qt  and 9; then the 
Prepare drop can be find out from the following 

equations, 

(4J21)) 

(Ili) ,BAaslaaggatgaAtaleidaamakst 
Radial pressure drop at the swirl chamber can 

ba calculated trosiftviar*Stekes equatien as 

ta 
P  



9, ̀
1. 

200 	Da 
a 

120  

+rasa .#,..(4.04) 

Where -n-1a a circulation constant and given ao 

Ta n 

and VTa 10 tangential component of velocity at the air 

cores 

(iv) Oes. 	 .0) 0%.*,* 	PA :^ 	 .• a 	# 	•II 	y. 61 	int 	 C 	11: 

When the liquid enter,  in to the pipe from swirl 

chatters the cr*oreaction of the pipe in suddenly reduced. 

The fluid stream can not follow around the Sharp corner. 

and stream brooks contact with the will of the pipe. A 

jet is formed. which flows into the stagnant fluid in 

the smaller motion. The jet first contracts and then 

eXPende to till the smiler croon-notion,  

The loon from sudden contraction So prOportional 

to the velocity head in the swatter pipo and can be 

calculated from the °quotient- 

v3,„ 
K waters 	 (4.06) 

C 200 

For tubulunt flow Ka  a  044 (legbied *ti (441) 

Where V So the average velocity in the downstream 

section. 

(v) Pressure Drop Due to Lieuid Blow Ineloie the Tube,  

Frictional. pressure drop duo to liquid flow inside 
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the tube can be find out from Mlaueiun friction fa or 

enntioe ea- 

-4— f 
La 	V- 

ph ego  ...(4,08) 

The average velocity V can be articulated from 

the average tangential component (VT0) and average octal 

oemponent (Va) as under: 

V si (Vaa 4adla 	,.....(4.09) 

Average aial component of velocity can be calculated 

from the total liquid flow rate divided by the crow-

sectional area of the annulus. 

Va  

The average tangential component can be Lind 

out by taking the average of the tangential 

component of velocity at the air core(Via) and tengential 

component of the velocity at the tube radius (VTT). 

V a  
0 	a 

The tangential component of velocity at the air 

core can be evaluated by tetitg rpm of 'swirl with the 

help of a strobamope. 

VTa  a Da  X X --120 	....(4.12) 

Tangential component of velocity at the tube 

radius clan be calculated apt 



04.13) 
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Now knowing the value or nvernrs volocity (V) 

the Reynold number Mb • Db 9 phi ) Can be ealeniatedo 
lilanaius friction factor can be calculated from the 

equation given below t 

t2 	
5 

0 .079 of rut
0 wa 
 • • • (4 ail) 

Linear equitalent length for mil. 	is give by 

it. .17 

✓g  
▪ • • (b.25) 
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Experimental rats were taken for dilute sodium 

chloride flautist of one, two and three percent cancens 

tratione, Effect of tangential inlet velocity and air rate 

On-  preecatre drop, dram* diameter and length were 

otudiod tor all the three aolutioney employing three tubes 

of 5.111 am 5.*2 cme and 2,54 one Ishii Effect Of tube 
diameter and awirl chamber diameter on prefigure drop 

and air cbro dimensions were also inreatigated. Boat transfer 

studies, on a doUble pipe heat exchanger wore Also carried 

oat to study the effect Of avirliMI flow on heat  tronafor 
coollicdonts. 

AU the data collected fee swirling flow in long 

has 	 al tube for hydrodynamic etudiencan be divided 

in three ovum, for the purpose of discunsion. 
1•• 	 'OR ••• 

(i) Effect of various Parameters on presenre drop 

( Effect of various parameters on sirocco 
diameter 

(iii) Effect of various, paramotera on aircore 
length, 

541 sziartuipaugnateaciassugamaza 

Pressure drop data far Various inlet velocities 

and air ratan for 1 to 3 per cent solutions are recorded 

on tables 5.01 to 5025 and tables 5.04 to 5.06 for 370 on 

Ions tubon of IlL541 ems and 5481 can reapeotively. Swirl 

27 



Chamber of 21.50 cm rip, and 1.60 cno tangential inlet 

dinmetore was Used for these experimenter. 

Similarly In tables 5.07 to 5.09 Pressure drop 

data for various inlet velooltise and air rater, are tabulw 

fled for 1 to S solution concentrations using 2.54 one 

/*D. and 185 one long parses tube. Swirl chamber of 10.30 

am I.D. and 1.27 cm tangential inlet diameter was used for 

thee, runs. 

Sabot of liqu d swat valocityon pram= drop 
for different onto of operating coniitimiossre shmns 

graphleallyin figures 5.01 to 5.0). it: to clear from 

those graphs that pressure drop ircreaten with Thereone in 

liquid inlotvolocity. The effect of of  at tube 

diameter is ahotn in figure 5.01. It can be 440b Irons this 

plot thatfOr a particular value of tangential inlet vela-

*Sty* pressure drop in a smaller diameter tube (5.81 cm I.D) 

Is more thanthe bigger diameter tube (5.71 cma). 

Sftoct of air rates on preeeure drop tor various 

operating conditions are shown in tabular form in table 

5.01 to 549 far all the three gait concentrations Studied. 

Etna of air rate on pressure drop is oleo ;town graphicollY 

in figurer; 5.02 and 5.03 far only 1 percent salt concentration 

anddifferent mete of various operating conditions,. it Gaza 

be seen from these plan figure 5.02 and 5.03* that air 

rate does not palm to have any algnificant affect on pre0041,01 

drop within the range of experimental conditions studied. 

28 
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(4 For 3,81 cm to), tube. 2.1.50 coo 	oda 
chamber darter, 1,60 oso totsentlaleirato dloustioro sod 
for 1 to 3 percent eat •ccedettrotiofta the the toilewing 
correietion in propotied, math lo aDatcabic tar'tom 
above eat ottariehtealtitblet 0:curacy 

a,6 
MOO 	(5005) 

s  

(0) ter ?.5b eon 144 tubes 10.50 cut 1.1). ovirl 
r dimooters 1.2? on tatlot wi taste Masan* 

Z to $ matt nit oonoorttrotte the $1olaming 
dory laticesto proposed, which to able tee bbe ebn 
set of voirtablza, with ,s 95 stroursoy 

foils -va  440.065 

by . 	[ 	 is0.15 

1We  

[7:1  jb.18 

* 0 .06) 

Tablas 541 to 5.05 and 5.04 to 5.06 ere theoveroae 
air oars disostor to tartour lea 470.00aterr, Prengtire . 
drips sal air ratertor 1 to NS, salt_ CanCalltatiOn. Mang 
%a on set 5.81 ay 1.D. and 570 on toot perrytt WS. 
Swirl obombor of 11.30 alit dies! ar cod 1.60 ors tariSittlal 
inlet amotaro fna used tor Um. dots. 



OF 

Tablaa 5.07 to 5.09 give theciatilar infOreatii321 for 

2.56 ams.../.D. and 185 on long perms tube far 1. to 3 

Meant ealt concentrations* Swirl chamber of 10.30 con 

I.D. and 1.27 can tangential inlets wan ameloYeds 
*PI 	 411110 

Air core diameters measured along the tube amis by 

cathetometer for all the three tubee are tabulated in 

tables_ 9.13 to 5.15. Average ... air *ore diametern have 

been calculated from these table. onlY. 

Variation of air core diameters along the tube axis 

areephown in figure 5.08-6.'. Xb can readily be seen tree 

this figure the air core diameter decreases _frotapatrram 

to downntream aide and nnally reduces to zero, 

Effect of liquid inlet velocity on air core di peter 

for different sets efoperating conditions are sheen 

graphically in figures 5.09 to 5,11. It can be peen that 

liquid inlet velocity* ble nO signiticant effect on air core 

diameter, 

Figure 5.09 Shows the effect of tube diameter an 

air care diameter. It le clear from this plot that air 

core diameter reduce" with the reduction in diameter of the 

tube. 

fiftectflet salt concentrations on air core diameter is 

graphically dawn in figure 5.10.It in clear tom thin 

curve that salt concentration ear kinematic vinosity 4000 

not have ani appreciable effect am air core diameter. 



Tho data tabulated in table 5.010  5.04 and 5.0? 
Oheming effect of air rote an sir more diameter are 

plotted it figure 5.11. It_ canbe noted eras figs5.11 that 

air ratio doaa not open to have any effect OA air core 
diameter. 

(a) itia=„2-iihnSiAatiginaa 
Tablet, 5.03. to 5.0) and 5.04 to 5.06 give the air 

owe length to various inlet VolOcitiOni preasure divert 
and air rate* for 1 to 3% salt concentration. using 5.71 

cap and 5.81 cm* I.D. and 570 can long Dermptx tube, Swirl 

chamber of 10.50 can diameter and 1.60 cma tangential init 

diameter* was uaed tar them data. s4mAlpr information!, 

are tabhlated in tabu 5.07 to 5.09 for 2.54 coa 1.D. and 

185 oft long penmen tube. twirl chamber of 10.30 can 

fa). and 1.27 can tangential inlet* diameter wart need for 

tin rung tabulated in table 3.07 to 5.09. 

Das for air core length ... for different pets of  
optratingconditions at Various liquid inletvelceittea are 

plotted is figures 5.2 to 5.14. It Can be teen that air 

ere length increase with imams. in, liquid inlet velocity 

_ Effect of tube diameter ip phown in figure 5.V. It 

ip observed that the air oort length inoraamta with increnes 

in tubs diameter. 

To shown the *tract of air rote on air no length. 

data wire plotted in figure* 5.13 and 5.14 and it was 
Observed that change of air rate did not have any appreciable 

Moot on air core length. 
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Pressure drop as a function of concentration Of 
aolutionylotad in figure5004. The figure Shone that the 

zrencure drop innreanon with incroane in mat conceit*,  
tration. 

hither percentage of east concentration could not be 
studied because of corroftion problems of the pump and 
other parts of the equipeanti ay "aeronauts salt concen-
tration from 1 to 5 percent al* narked offoct could not 
be noticed either in change of prannuro drops or OM ardor. 
length and dismoterab 

Empericalcoitiielaticnier pronoun° drop proposed bY 
Sharna(21) for swirling nag without ravers .-in long 
httrizOntal tubas in* 

[ 

 cV  esoas l0•065 1.8 
ix 
 2 an10

-0 	[a6P.gt 
 

On rearranging the 

Li,  a Sal.72  

Where, 
gasvair? moo a 

correlation 

e045 
[a] 	

kfl 

2.6 
.. 	(5.01) 

can be written an 

(5402) 

" 	

ta 
"65  [k] go  

[;16  is  16 4' 	
a 4t5 ao” 



Predicted pressure drop for all the runs for various 

sets of parametere are calculated by the help of above 

ccutetations and values have beentabuiated in table 5,10, 

5.11 and 5.12 under the head predicted pressure drop 

riGure 5.05 to 547 show the variation Of predicted a_ 
Pressure drop from experimental preemie drop. It bap been 

observed that all the data fall in between a20); deviation 
lineel as amid by Shams 

The correlation developed by Sharma (21) for the 

calculation of pressure drop for swirling tow without 

reversal_ in long horizontal tube's is applicable for all 

sets of variable= i.e. tube diameters swirl eheeher diameter 

tangential Wet diameters kinematic vtocenity and density 

with j, 20% soctuvacy. 

For call the three tubesstudied following correlations 

are proposed which can safely be applied with lens perce*r 

tube of error* as shown against each correlation/ 

(a) for 5.71 me I.D. tube,11 50 czar I.D.Swirl chamber 

diameter, 1.60 ems tangential Inlets diameter° and far 1 to 

percent salt concentration, the foaming correlation is 

proposed, which is applicable, ter the above vet of variables 

with Ifs aoonrooY6 

12  2  • 93:4104.2  

30 

 

-0465[ 
QQ 
 4,1,8 

DT 

 

 

 

I.... (544) 



dir 

The higher flow rates of air does not aserrto have 

an? advantage, The air core length and, diameter remain 

more or ler sarn  with the change of air flow rate* 

HOWeirer+ stratification of air core length at the d  ream 

aide !karts at higher flow rates of air. 

To test whether the rake of heat trunoisr are 

enhanced in mita doh overall beat tremenr coefficiette 

were experimentally determined in a double pipe boat =he 

anger for axial and swirl float Pied* tube at ID t.84 

ems and length 3.IQ.j ems and a swirl chamber of it1o.33 and 

tangential Inlets 1,27 ens were *Bed in the boat exchanger. 

The operating variables wore adjusted to give eatable air 

core et length nearly equal to the length of beat exchanger* 

The experimental data are reeorded-  in Tables 5.16 and 

547. Figure 5.1,5 gives a comparison of over all beat 

transfer coofficients for 'twirling flow and linear Slow, 

An storage in!rease of 16 percentand,2 percent in over 

all teat tralivfer coefficients was observed for cat re of no 
010 

induced air and induced air respectively, 
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TADIE 4  544 

alitaglaglajnit 

Inside diameter of mopes tube 

Length of Dermas tube 

Inside diameter of swirl chatber 

Inside diameter of tangential entry 

Concentration of Nel salt solution 

Kinematic viscosity of the solution 

Density of the solution 

I. 5.71 Cmo 

el& 370: en 

00 11050 Cms 

00 1.6 Cms 

Lugent by 

1.089 x 10-2Cm2/eot 

SO 1,004 gmtbe• 

Run 
No, 

SIMI-  
mental 
p ne sure 
drop 

he/c02  

AirCorotems Plow 8ates0LtAmin Liquid 
Inlet 
Velocity 

cn/seo, 

Length Average 
diameter 

Air Liquid 

1 2 6 7 
5.o1.01, 0.07 105 4.62 6.00 38,70 160.48 
5.0102 0,14 150 4.64 4.35 58 .50 242,59 
5.0103 0.21 180 4.27 4.40 72.00 20.57 
5.0104 0.28 210 4,46 4,50 87.00 360.77 
54105 0.35 230 4,52 5.00 99.50 41n.60 
5.0106 0.07 Inc 4,63. 10.00 38.00 15,7.50 

54107 o 148 4.59 8.20 58.00 240.51 
5 4108 0.21 1p8 443 9.00 73.00 302.70 
5.0109 0.28 208 4.48 10000 85.00 352.47 
5.0110 0.35 228 4,46 9.95 97.50 404.31 
5.0111 0.07 104  4,59 12.00 38.70 16018 

5.0112 .14 147 4,56 11029 57.50 238.44  

54013 0.22.  178 446 12.85 72.00 2% .57 
5.0114 046 208 4.50 14010 87.90 364.50 



36 
Table db.  5.01 (Contd.) 

 

I 	2  I 3  

    

  

6 7 

     

      

5.0115 0.35 225 444 1540 9.50 3►12,60 
5.0116 0.07 203 4.66 19.75 38050 163480 
5.01.7 0.14 148 408 20.00 59.60 211.7.15 
5.0118 ea • 176 x.33+ 20 .0 0 74.50 308.93 
500119 0.28 • 207 4.45 17,50 8740 360,77 
5.0123 0435 224 4.3►7 1945 201.00 1 8 42 
5.0121 0.07 102 4.63 25.00 38.65 160.27 
54122 0.14` 1,14 4.5/7 220% 5'9.5b 24603 
54223 0 .21 179 4.42 2540 73,$0 306.03 
S.0124,  0.28 205 4.110 21145 89.20 36504 
5002.29 0.35 220 4,49 22.50 98.50 "08 .46 
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Inside diameter of perspes tuba 
Length of parSeix tut. 
Inside disaster of mail chamber 
Inside diameter of tangential entry 
Concentration of Nan sort solution 
Xinemetio Viscosity of the solution 
Density of the soluticm 

• • . 5.71 Cat 
• I 74 "ms 
•40 31.50 CMS 
es • 1.6 errs 
es. 2 percent by weight. 
• 1.192 x 30-  raPnen. 
.0 • 1.011 gm/co. 

Run 
No. 

220011- 
mental 
Pressure 
Drop 

Nand 

Air Cores  Cud Plow Retesitiotain Liquid 
Inlet 
Volocit 

cm/see 

Length Avers- 
age 
Mame-
telt 

Air Liquid 

1 2 .3 5 6 7 

5.0201 0.07 log 4.67 5.60 37.50 155.50 
5.0202 o a4 150 4.64 5.0 57.500 238.44  
5.0203 0.21 180 4.33 4.4E0 72.00 293.57 
500204 0.28 213 C50 4.55 84.50 350.40 
54235 0 .35 233 4.62. 540 97.50 404.31 
5.0206 0.02 304 4.69. 10.00 38.00 157.58 
Loa? OS* 3.50 4.83 9.75 59a 244.66 
54203 0.21 180 4.33 la 45 71.20 20.83 
5.0209 0.28 210 4.51 30.60  86.00 356.62 
54210 0.35 222 4.55 900 96.00 39349 
5 an 0.07 104 4469 13.35 3940 161.72 
5.0212 0.14 1146 4.63 15,o0 59.00 244.86 
5.0213 0.21 125 4.30 15.65 7140 20.83 
5.023.4 0.25 209 4.54 15.00 84.50 350.40 



Titbit a 5,02 (Contd.} 

 

I 2  

  

   

 

3 	 5 1 6 

 

    

5.0215 0.3'5 227 446 24.50 96.00 398.09 
5.0216 0.07 103 44.67 20.00 38050 359.65  
54217 0,14 147 4.57 22.20 57.50 238 Jet& 
54218 0.21 180 4.35 20.00 72.90 302.30 
5.0219 0.28 208 4,46 28,4, • 88.00 3042 
500220 0.35 225 4.51 27.% 93650 4©8 .46 
540221 0.07 103 4.68 25.00 38.50 159.65 
5.0222 044 148 0.67 2740 5)3.00 .53. 
5.0223 0.21 380 11/443 24.85 7240 M*57 
1.0224 0.28 205 46% ri•X« 87.50 362.8k 
5.0225 .35 224 4.48 30400. 99.% hl2.60 
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Mug - 5003  

MThasElagUE2. 

Inside diameter of pentium tube 
Length of Damn tube 
Inside diameter of swirl chamber 
Inside diameter of tangential antral 
Concentration of ReCI salt solution 
Kinematic viscosity of the solution 
Density of the solution 

I. 
I. 

00. 
40 
00 
as 
** 

5.n es 
- ,o-  Cms 
21.50 ems 
1.6 caw 
3 portent by weight* 
10315E102  em2itec, 
14020.gmleo• 

Run 
ho. 

• . 

' 

Beni,* 
mental 
Pressunk Drop 

Ws? 

Air Core., Cms Plow AatesoLt/min Liquid 
Inlet 
Velocity  

Caine. 

Lwigth Average 
Dinmetet  Air Liquid 

2 3 4 5 6 7 
4.R) 
4.0 

4,33 
Ifs% 

4.54 

4.67 
4.63 
h.n 
4.50 
4.54. 
4,67 
4.63 
4.34 
4.56 
4.55 

9.0301 0.07 2o5 
5.0302 0.14• 3,50 
54303 .21 190 
5.0304 0.28 212 

5.0301 0,35 a3o 
5.0306 0.07 205 
5.0327 044 150 
500308 0.21 180 

5.0309 0.28 210 

5.0310 0035 227 

500311 0007 105 

5.0312 00111 150 

5.o313 0021 180 

54314 0.28 210 
5.0315 0035 227 

4060 37.90 0746 
4.55 50.95 236.16 
5.00 7a.20 291010 

4.30 84.50 350040 

10•80 97.10 40544 
9.45 37.90 157.16 

945 57.75 239.49 

9.,71 72.00 250.57 
9.5o 83.30 345.43 

20.00 90.00 40609 
OA 33050 260.0 

56.5b 234.29 

1640 70.20 291.10 
14.40 87.00 360.77 
24.00 95.00 393.94 



Tata* - 543 (C on td sk) 

1 	a 	J 3 1 
4 	5 	6 I 7  

	

ao316 0„0? 	1o3 	44,67 	1940 3800Q 157.% 
%ow 	0.24 	147 	kat 	17.60 56 AO 24o • 51 

5,0318 	0.21 	200 

x.0319 	0.28 	208 

5.0320 	0.35 	226 

54321 0.07 3o3 

«0322 

5.0323 

5.0324 

5.0325 

40 

o 146 

0 41 180 

0.s 205 

0.35 224 

4,34  ao 71•90 t 298 ,15 
x+.46 18.95 OA-  3% otto 
4.50 20.,7 94450. 391,87  

4.69 2440 30,6o' 160.07  
kiieee 2340 56.50 234,29 
40,43 24,00 72,50  300.64 

4.110 24485 86 00 358.69 
4,49 25.35 97.00 402.a1* 



TAW - 5.04'  

;AU ON 21D10SUNE  

41 

Inside Utast*? of Deliver babe 
Length of p.rspo* tube 
Inside diameter of swirl chamber 
Inside digiteter of tangential entry 
Concentration of Nael telt solution 
Kinematic viscosity of the solution 
Unity of the solution 

.. 3.81 ens 

.• 370 ems 
11.50 Cci 

• • 1.60 CI= 
0 0 I percent by night. 
* 1.08911002  selaisse 
I 0 1.004 gTh/cc. 

kW . 
1a. 

ampertrNin- 
tia Press- 
era Drop 

ktitsvP 

Air Corea,. nag Rotas§  Ltibin Liquid 
Inlet 
Volocity 

Om One 

Length Avenge 
Diana 
top 

Air Liquid 

1 ' 	2 4. '5. 7 ' 

5.©401 0.07 85 2.49 5coo 3145 
541102 a 44 223 2.49 4iso 46.90 194•40.  
5.01103 .21 145 2.43 4.5o 60.55 251.09 
5.0404 6.28 165 2.27 540 71.30 295.66 
5.0405 0.35 287 2.26 4.35 81,90 339.62 
5.0406 0.0? 85 2.58 10.00 310301 129.79 
5 iota? 0.14 122 2.49 9.50 48.75 202.15 
5.ohos 0.22. 145 2.48 9.30 59.30 245.90 
541/419 Oa 165 2.23 8.25 70020 29140 
5.010 0.35 185 327 1040 80..00 331.74,  
5•63.3. 0.07 87 2.56 16.00 31.85 132.07 
5,0•12 0.14 123 2.52 15.00 117 .35 196.35 
54413 0.21 1114 2.46 14.75 63.03 255.86 



Table a 5.04 C on ted ) 

5 i17.-  
5 .ohlt• 03.28 16o 2.45 15 400 71.30 296.91 
5.0415 0.35 380 2.42 5 83.00 314438 

.0416 0.07 86 2.56 20.00 32.4o 135.60 
5.0417 0.14  224 2.51 23425 ' 146 .3a 199.46 
54048 0.21 IA% 2.43 23450 60.50 252.54  
3.0419 0.28 20 We 20`00 72.90 302.30 
5.0420 0 .35 280 2.43' 19,50 80 600 331.* 

42 

1 



0. 3.81 cms 
370 Cres 

• 21.50 ems 
• $60 ems 
.. 2 percent by weights 4.2 2 1.192s10 em/stio 
• 1.011 rite. • 

Olt 

TAMA - 5.05  

MIA ON possum DROP 

Inside diameter of pereper tube 
Length of ponces tube 
Inside diateeter or swirl chatter 
Inside damns, or tagetiai *Art 
Concentration or Mei Bait Solution 
Kinematic viscosity of tint solution 
Density of the solution 

43 

Run 
Ho. 

Exports , 
mental. 
Pleszu" Drop 

kg/C 

Air Corso  ems Plow RateeiLtimin Livid  
Inlet 

Length Average 
Diameter 

Air Liquid Vclocitj 

cm/sect 
1 2 3 kik 5 6 7 

5.0501 0.07 85 2.55 5,00 3140 228 J5 
5.0502 0.1.11 123 2.42 4.80 117.0o 29440 
5.05o3 0.21 2.34 540 58.70 243,41 
5.0504 0.28 165 2035 4.65 7o .tio 29143 
54505 0 •35 387 2.25 5.53 78.80 326.76 
5.0506 0.07 85 207 30.50 31.543 334%62 
5.0507 0.14 122 2.50 31,20 6.30 192.00 
5.0538 0.21 145 2 AO 10.00 59.50 246.43 
54509 0.28 165 2.39 9.75 72.00 29847 
5.0510 o.35 385 2.27 30.00 30.00 331.74 
5.0513. 0.07 85 2.62 15.00 32.10 133.11 
5.05143 0014 125 2.56 35.50 47.50 196.9? 
34513 0.21 3.41> 2.46 16.15 6o .8o 2 52 42 



Table  . 5009 (Contd.) 

5.o514 O.28 160 2•47 14.90 71.00 254.h2 
5.0515 o.35 380 2.39 14.50 81.70 338.79 
50616 0.07 85 2.61 2o.00 31.00 128.0 

50052.7 034 123 2,62 19.5o 48.00 199.04 

54538 0.2.1 144  2.46 2o.8o 59.50 246.73 

94519 0.28 09 2*/47 21435 70.75 293.36 

5.0520 0.35 281 2.14  20.00 79.80 326.76 



341 CS 
373 Ces 
31.50 Ces 
1.60 One 

percent by weight. 
1.315402  ce2/see 
1.020 de/e0. 

%Da 1.06 

45 

TATA QA pr2SsuM3 mop) 

Inside disaster of perspex tube 
Length of perces tube 
Inside diameter swirl eh:ester 
Inside die:etas of tangential entry 
Concontretion of Net salt solution 
Kinectatie viscosity' of the solution 
Density or the solution 

Rim 
No. 

, 
Expert- 
mental 
pressure 
Drop 	, 

kd/els 

Air Core, Ces 
. 

Plow Rates, LtAein Liquid Inlet 
velocity, 

Onftea 

 Length Average 
dia- 
meter 

Air Liquid 
I 

1 2 3 : 5 6 7 

5.06x2 0.07 85 2.516 4.85 3140 228.55 
5.0602 0.14 124 2.a 4.50 45.80 289.92 
5.06o3 0.21 145 2.34 5.00 60 .20 249.64 
5.0604 0.28 265 2.34 5.50 €8.5o 2944 
5,065 0.35 187 2.28 SOO 8o .5o 333.81 
5006 0.07 85 2.58 10.00 31.75 131.66 
5.8607 0.14 an 2.43 Ito% 46.50 192.82 
54608 0.21 245 2.40 9.50 59.50 24643 
54629 Ohs 265 2.40 10.00 69.75 289.24 
5.4620 045 285 2.29 32.00 02.00 335..89 
5.0621 0.07 65 2.62 15.00 30.5 326 she 
5,0612 044  125 2.44 15.50 47.50 196.97 
5.0613 0.21 ahle 2.46 14.70 57.90 240.10 



Tama es 5.06 {Conte.} 

54614 o,29 2% 2•107 35;60 71.00 20.‘a 
54615 0.35 382 2 stel 16.00 77.90 323.03 
54626 0.07 85 2.60 20 .0"0 31.75 130.62 
5.0617 oat* 221* 2.49 2140 1/46480 194.07 
5.46x8 0.21 314 2.17 19 JO 5945 246a 
5.0619 0.28 3.58 2.49 x8.75 69 • 75 299.24  
5.0620 o 2.45 20.00 79480 330.91 

48 



TAB= - 5.n7'  

MA OW 2RICSIMB 1110P 

Inside diameter of perces tube 
Length of porton tubs 
Inside diameter of swirl et:ember 
Inside dim:motor of tangential entry 
Concentration of reel ghat solution 
Itinesatie viscosity of tbs solution 
Density of tbt solutice 

2.0 Cus 
In Cris 
10.30 Cas 
1.2? Cas 
I percent by weight 
1489210a*  ettPisee 
1.004 guolee. 

Run 
Ro. 

Expert- 
mental 
Proms- 
are 
Drop 

ksdessa 

Air Coro. CM ; now Rates, Lt/min Liquid 
Inlet 
'Velocity 

em/see 

Length Average 
diameter 

Air &Laub! 

I 2 3 4 5 6 7 

500731. 0.07 60 1.42 1/490 12.50 82.23 

5,0702 0.14 70 1.43 5..30 2$ .50 121.76 

5 4.070 0.21 85 1.110 5.20 2345 156.90 

5,0704  0.28 100 1.35 545 27.20 179.04 

5'4705 o.35 110 147 1.405 32030 211'3? 
5.0706 0.07 60 2.43 8 .00 12.10 79.60 
5.0707 04 70 1.47 9.70 1845 224.01.,  
5,0708 0.21 88 1.43 8.80 23.50 154.68 
5. 049 100 1.35 14.04 27.10 178 .28 
5 .87213 o.35 110 1.33 8.90 31.50 207.22 

5.07/1 0.07 1446 1345 12.50 82.23 

5.o7 0.14 6$ 1.51 14.90 .50 121.76 

5.0713 0.21 86 1.44 15.65 23 .0 0 151.30 

5.0714 0.03 97 1.45 14,70 27.50 180.91 



Table a 5.0? (Contd.) 

5.0715 0.35 309 1.31 15.4,90 32.20 211.17 
5.0716 0.017 56 1.47 20.80 12.20 80a6 
5.0717 0 ate 6? 1.50 20.00 3840 319.73 
5.o7] 0.21 90 1452 19 •:;3 22.90 150.65 
5.0719 0.23 95 1.44,  20.00 2$.20 185.51 
5,020 0.35 100 1.32 20.00 30035 202.94  

48 



prat a tog  

DATA ON 4,1039501133 DROF  

49 

Inside diameter of Dem= tubs of 
Length of pereper babe 	it 
Inside diameter of anti chamber ,. 
Inside diameter of tangential entry. 
Concentration of Nei sit solution 
Kinematic viehositi of the solutions 
Density of the solution 	• • 

2.9. Ca 
195 cam 
10.30 Cms 
1.2? cae 

11419fi tnt ;SO= 
LOU r/ee. 

min  
No*  

swirl- 
mental 
Press Me 
Cm 

kg/CM2 

Air Core, CleS 
, 
FlOsHastesianin 

, 
Liquid 
Inlet 
Vel ocity 

car/sees 
Length 

. 

Average- 
Diane-
ter 

Air Liquid 

. 
1. 2 3 to 5 6 7 

5.0801 0.07 59 1•42. 11.40 12.00 78.94 
5.0802 0.14 7o 1.37 4485 38 Si 121.76 
54013 0.21 85 1,.36 5.05 23020 152.62 
54804 0.28 200 2.32 5.00 2740 182.88 
54805 0.35 110 1.30 5.00 336.56 
5 sod 06 0.07 do 1,14 945 12.20 80 •26 
5.08o7 0.14 70 1439 10.00 17.90 117 75 
54808 oat 88 14,33 10.00 22.60 148.67 
5.0809 0.28 200 1. 10.00 26.75 17647 
5.0820 0.35 no 2.32 9.75 31.70 2013.51, 
54811 0.07 57 2.14 070 12.20 00.26 
5.cou 0.14. 67 1,1,3 18.60 122.42 
5,0813 o 90 1.37 15405 23.20 22.62 



Table • 5.08 (Contd.) 

6 I 

Loark 0.28 95 24* 1100 27. 50 38041 

54815 0.35 Jo? Lap 15.00 31.40 206.56 

54916 0,.07 $3.  1,52 24.00 22.101 81.90 

50:61? o4 1,47 22.50 15.2) 329.73 
540113 0.21 90  2,33 21.20 2340 35543 
5.0819 0,28 98 1,14 20.70 26.90 177.05 
5,0820 0.35 107 2,33 2040 30.45 2°0,31 

50  

/ 9'997 
CORAL Law uNIYFIs

17  
ri OF Remo 

k OORICER 



51 
e.9.09 

MTA courusanes re09 

Inside dinette of pereper tube 	e. 
Length of perces tube 
Inside diameter of swirl chamber 	•. 
Inside diameter of tangential at 04, 
Concentration of 11.01 'tat as:entice 
fineweeenseoestty of the Solution 4•4. i. 
Density of the solution 	*a 

2.54 Cms 

185 014 
30.30 cats 
1.27 eina 
3 percent by weight.  
1.315 x -10-2  cm20ftee 
Low Wee 

Run 
N o 4  

Experisw 
nodal 
Pressure 
Drop 
kti/td 

Air Core put Flow RA to 5 414tAain Liquid 
Inlet 
Velocity 

canoe 
Length Average 

diameter 
r Liquid 

2 5 6 1 

5.0901 0.107 60 1.39 5.00 11.80 77.63 
5.0902 0.14,  71 1.43 4.80 .10 119.23 
5.0903 0.21 85 1.33 4.50 23.20 152.40 
5.0904 0.28 too 1.31 445 200 173.67 
5.0905 0 435 110 1.29 545 30 40 202.62 
5.0906 0.07 do 1.42 ao 1240 79460 
5.0907 0•11,  70 1.46 9.75 27.71) 116,14 
5.0908 0 421 88 1.36 9.00 224%0 147.36 
5.0909 0.23 200 1.30 9.00 2640 176.30 
5.0910 0.35 209 2.29 9400 31.30 205.90 
5.0911 0407 60 142 1,4,,40 12.25 80.59 
5.0912 0.14 7c) 1.4a 15.00 18.00 118.50 
5.0913 0.21 88 1.33 15.00 23.20 152.711 



Table .0 5009 (Caabd 

1 2 i 

%ON 0.28 100 1.32 1540 27.50 130.91 
54915 0.35 208 1.33 16.75 33.50 200.64 
5.0916 0.07 60 2.4 24.00 saao 79 40 
54917 044 id 18400 38.33 120..45 
5.0938 0.21 88 2.118 23.25 23.00 151.38 
5.0919 0.29 ice 1,32 21/400 26•40 173.76 
5.0920 0.35 Jos 1.35 20.00 29.0 197413 

52 



On rearming 

AP 
12.5ft  x 20 

go 

vo 

TABLE - 541 

CALCBIATION3 _PIrtateaBD,.....La DS= 

S karma's Correlation(21) for Predicting Pressure  Drop 
for Swirling Ploy in Long Ear/tants' Tube is - 

Inv 	194  
-045 	2 I  -0065  r 11'3  448 	12.6 

g DT 	V] 	i 
2.57210-2  

-cos -0.065 itas 2.6  

it] 	i rrs d
D n1.7 

or AP w IC V 172  

Run 
No. DXPeri° noltia Pres- 

tiro 
Drop 

kg/er? 

2.57,04 , 	, 	.. 
lag Dv  Es 

ul 

-045 

g 

Sas 

. 

, 

Dg' 
246 

yiLnuPnress- 

P radio,  
tad 

Drop 

kg/efe 

get 

. 

1 2 3 4 5 6 7 8 9 
5.0101 0.07 2.63x104  0.391 1.752 38.663 27,324 mama 0.0574 
5.0102 0.14  2.63 0,391 1.752 19 .663 27.324  126440 0.1162 
5.0103 0.21 2,63 0,391 1.752 18.663 27.324  18075.00 0,1661 
5.0104  0.28 2.63 0.392 1.752 19.663 27,324 25028.60 0.2299 
5.0105 0.35 2,63 0,391 2452 39,663  27.324  31529.00 0.2997 
5.0106 0.07 2,63 0.391 1.752 18.663 27.324 	6021.46 0.0553 
5.010? 0.14  2.63 0,391 1,752 38.683 27.324  1240.90 0.114 
54208 0.21 2.63 0.391 1.752 38.663 27.324  18507.20 0.1700 
5.0209 o.28 2.63 0.391 1.752 13.663 27.324 24046.40 0.2209 



54 

Table 5.10 001120 

1 2 ( 3 4 1 5 6 a 9 

5.0130 0.35 4 2.63210 0.391. 1452 28.663 274324  3010/40 0.2797 
54111 0.07 2.63 0.391 1.752 18.633 27.324  6213.32 04571 
5.0112 0.14 2.63 0.391 1.752 194463 27.324 12277.0 04128 
5.0113 0.21 2.63 0.392 1.752 28.663 27,324  28071.00 0.1661 
5.0314 0.28 2.63 0.391 1.752 18.663 27.324 25475.30 0.2341 
5.0215 0.35 2.63 0.391 1.752 28.663 27.324  31529.0 042897 
5.0116 0.07 2,63 0.391 1.752 18.663 27.324  6436.06 0.05911 
5.0117 0.14 2.63 0.391 1.752 18,663 27.324 13058.5o 0.1200 
51 .0138 0.21 2.63 0.391 1,752 18,663 27.324  19167,20 0,1761 
5.01x9 0.28 2.63 0,391 1,752 18.663 27.324  25028.60 0,2300 
5.0120 0.35 2.63 0.391 1,752 38.663 27.321+ 32351.0 0.2972 
5.0121 0.07 2.63 0.391 1.752 18.663 27.324  6199.34 0.5696 
5.0122 0.14 2.63 0.391 1052 38.663 27.324  13020.30 0.1196 
540123 0.21 2.63 0.391 1.752 18.663 27.324  18858.80 0.1733 
5.0124 0.28 2.63 0.391 1.752 28.663 27.324  25624.60 0.2354  
5.0125 o.35 2.63 0.391 1.752 18.663 27.324  3098640 0.28147 
5.0201 0.07 2.65 0.396 1.152 18.663 27.324 	5885.1/4 0.0552 
5.0202 0.14 2.65 0.396 1.752 18,663 27,32412277.0 021151 
5.0203 0.21 2.65 0.396 1.752 18.663 27.324  18015.0 0.1695 
5.0204 0.28 2.65 0.396  1.752 38.663 27.324  23304.0 0.2232 
5,0205 0.35 2.65 0.396 1,752 18.663 27,324  30147.30 0.2855 
5.0206 0,07 2.65 0.396 1.752 28.663 27.324 	6021.14 04565 
5.0207 0.14 2.65 0.396 1.752 18.663 27.324  128334 0.1203 
5.0208 0.21 2.65 0.396 1.752 38.663 27.324  17687.40 0.1658 
5.0209 0.28 2.65 0.396 1.752 18.663 27.324  24535.40 0.2300 
5.0210 0.35 2.65 0.396  1.752 18 ,663 27,324  2964.00 0.2780 
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Table-5.10 (Contd.) 

     

7 I 8  

 

1 2 3 E hp 5 

 

9 

       

5.0211 0.07 2.654 40 0.396 1.752 18.663 27.324 	6296.13 0.0590 
5.0212 0.14 2.65 o.396 1.752 38.663 27.324  12833.0 0.1203 
540213 0.21 2.65 0.396 1.752 38.663 27.324 17687.4 0.1658 
54211/4 0 .4 2.65 0.396 1.7% 38.663 27.324  233044 0.2232 
54215 0.35 2.65 0.396 1.752 18.663 27.32h.29646.30 0.2780 
5.0216 0.07 2.65 0.396 1.752 28.663 27,324 6158 .15 0.0577 
5 so 217 044  2.65 0.396 1:752 18.663 27.321/4 32277.00 0.1151 
5.0218 0.21 2.65 0.396 1.752 18.663 27.324 28465.2o 0.1731 
5.0219 0.28 2.65 0.396 1.752 38.663 27.324 25524.60 0.2393 
5.0220 0.35 2.65 0.396 1.752 18.663 27.324 30986.80 0.2905 
5.0221 0.07 2.65 0.396 1.752 18.663 27.324  6158 .19a o to 57? 
5.0222 0,14 2.65 0.396 1.752 28.663 27.324  12460.90 0.1168 
5.0223 0.21 2.65 0.396 1.752 28.663 27.324 18075.00 0.1695 
5.0221/4 0.28 2.65 0.396 1.752 18.663 27.324  25276.100 0.2370 
5.0225 0.35 2.65 0.396 1.752 38.663 27.321/4 31529.00 0.2956 
54301 0.07 2.67 o sho2 1.752 18.663 27.324 	5993.88 0.0575 
5.0302 0.14 2.6? 0.402 1.752 28.663 27.321/4  12075.80 0.11% 
5.0303 0.21 2.67 0.1/402 1.752 28.663 27.324 17304420 0.1659 
5.0304 0.28 2.67 0.1/402 1.752 38.663 27.324  23804.00 0.2293 
5.0305 0.35 2.67 0.402 1.752 28.663 27.324 30554.90 0 .2930 
5.0306 0.0? 2.67 0.402 1,752 18.663 27.324 5993.88 0 Al?! 
5.03o7 o 2.67 0.402  1.752 30.663 27.324 12369.2o 0.1386 
5.0300 0.21 2.67 0.1/402 1.752 4.663 27.324 38075.00 04733 
5.0309 0.28 2.67 0.402 1.752 28.663 27.324 23226.20 0.2227 
5.0310 0.35 2.67 0.402 1.752 18.663 27.324  30715.90 0.2950 
5.0311 0.07 2.67 0.402 1.752 18.663 27.324  6386.04  o.05932 
540312 0.14 2.67 041/402 1.752 18.663 27.321/4 11911.80 0.1142 



56 

Tabl• i 5.2o (Contd.) 

2 3 1 ' 6 7 8 9 

5.0313 
5 .0314 
5.0313 
5.0316 
5.0317 
5.0318 
540319 
5.0320 
5.0321 
5.0322 
5.0323 
54324 
54325 

0.21 
0.28 
0.35 
0.07 
0 44  
0.21 
0.28 
0.35 
0.07 
041  
0.21 
0.23 
0.31 

2.67 
2,67 
11.6/: 
2.67 
*.67 
2.67 
2.67 
2.67 
3.67 
2.67 
2.67 
2.67 
2.67 

~7  0.402 
0.402 
0.402 
0.402 
0.402 
0.1402 
0.402 
0.1102 
0.402 
0.402 
0,402 
0.402 
0.402 

1.752 
1.752 
1.752 
1.752 
1.752 
1.752 
1.152 
1.752 
1.752 
1.752 
1.752 
1.7511 
1.752 

18.663 
18.663 
38.663 
18.663 
28.663 
18.663 
18.663 
x$.663 
18.663 
38.663 
18.663 
38.663 
28.663 

27.324  
27.324  
27.321► 
27.324  
27.321. 
27.324  
27,324  
27.324 
27.324 
27.324  
27.324  
27.321► 
27.324 

3330120 
25023.60 
29116.50 
6023116 
121+60.0 
18031.30 
23804.00 
a3853.90 
6226.04 

11911.80 
432914140 
24730.90 
33179.70 

0.1659 
0.21+00 
0.2792 
0.0577 
0.1195 
0.1729 
0.2283 
0.2769 
0.0593 
04142 
0a15% 
0.2376 
0.2984  



TABLas5.21. 
CznanakTIONA t 	CTIA PRIMPS DIP 

Ghanala correlation (21) for Predict-ins 'Pressure drop far 
reiriins flow in long horizontal tube Sr 

412  
bp 	

[ 	 { v2 	-0.065 I 14.18 
■ 2.57410  ..a.. 

V2i 	 DT 

57 

on roorreogins 

oP asHreo  
-043 - T0..063 

_or 
or tv ■ is V1  

9. Inari 

Pre flora 
Drop 
geed 

taut 
	

s■ 
 at 

 s  ao  vc r ap  

go  
"0.065 D I 

.11 
DT 

• A a  

Di  
i "142  

vi 
Predict 
d
Pressor rop 2  
Woe 

5.0401 0.07 2,61210445  0.415 1.707 101,26) 9,543 4444.09 0,0801  
5.0402 0,14 2,63 0.415 1,707 101.263 9.543 8671.4? 0,156: 
3.0403 0.21 2.63 0.415 1.707 101,26) 9,543 13418,60 0.2411 
5.0404 0.28 2.63 0,415 1.707 101,265 9.543 17773.10 0,3201 
5.0405 0.33 2.63 0.415 10707 101,263 9,543 22558.40 0,406: 
5.0406 0.07 2,63 0.415 1.707 101.263 9.543 4312.95 0.077 
3.0407 0.14 2.63 0.415 1,707 101.263 9.543 %41,85 0.1664 
5.0408 0.21 2.63 0.415 1.707 101.263 9.543 12945.10 0.233: 
5.0409 0.28 2.63 0.415 1.707 101.26) 9.563 1730420 0.311 
5,0610 0.55 2.63 0.415 1,707 101.263 9.545 21665.70 0.390 
5.0411 0.07 2.63 0.415 1,707 101.263 9.543 4444.09 0,080 
5,0412 0.14 2.63 0.415 1.707 101.263 9.543 8790649 0.158 



00 

Uble No.5,11 contd.... 

1 2 4 5 6 8 9 

5,0413 0.21 2,63 0.415 1.707 101.263 9,543 13860.00 0,2495 

5,0414 0.28 2.65 0.415 1.707 101.263 9.543 17902.50 0.3223 

5.0415 0,35 2.65 0.415 1.707 101.21) 9.545 23081,90 0,4156 

5,0416 0607 2.61 0,415 1.707 101.263 9.543 4650,36 0.083? 

5.0417 0.14 2.63 0.415 1,707 101.263 9.543 9031,34 0.1626 

5.0418 0.21 2,63 0,415 1,707 101.263 9.543 13552.10 0,2440 

5,0419 0,28 2.63 0.415 1,707 101.26) 9.543 18465,20 0.3325 

5.0420 0.35 2.65 0.415 1.707 101,263 9.543 21665.70 0.3901 

5,0501 0,07 2,65 0.421 1407 101.263 9.543 4242.3's 0.0781 

5.000P 0.14 2.65 0,421 1.707 101.263 9.543 IS 79.13 0,1597 

5.0503 0.21 2,65 0.421 1.70? 101.263 944) 12720.40 0,2)41 

5.0504 028 2.65 0,421 1.707 101.263 9,543 17389.20 0.3200 

5,0505 0.55 2.15 0.421  1.407 101.26) 9.54, 21109,30 0.3885 

5.0506 0.07 2.63 0.421  1.707 101.26) 9.543 4360.50 0,0802 

5.0507 0,14 2.65 0.421 1.707 101.263 9.543 845820 0.155? 

5:0508 0,21 2.65 0.421 1.70? 101.263 9.543 13020,30 0.2396 

5.0509 028 2.65 0.421 1,707 101.263 9.543 18075.00 0.)326,  

5.0510 0.33 2.65 0,421 1.707 101,26) 9.543 21665,70 0.398? 

5=0511 0.07 2.63 0.421 1,707 101.263 9.543 4504,46 0.08290 

54512 0.14 2,65 0.421 1.707 101.26) 9,543 8838.29 0.162? 

5.0513 0.21 2.65 0,421 1.707 101.26) 9.54) 13515140 0.248? 

5.0514 0.28 2.65 0.421 1.707 101.265 9.54) 17645,10 0.324? 

5,0515 0.55 2,65 0.431 1,707 101.263 9.543 22463,70 0,41)4 

500516 0.07 2465 0.421 1.707 101.263 9,543 4242.52 0.0781 

54517 0.14 2.65 0.421 1,707 101.263 9.543 8998.65 0.1656 



Tel* 145.5 .0 atetd 

2 5 7 9 
9.0518 0.21 2,65 0.421 1.707 101.263 9.543 13020.30 0.2396 
5.0519 028 2.65 0.421 1.707 101.263 9.543 17538.0 0.3228 
5.0510 0635 3.65 0.421 1.707 101.263 9.543 21109.30 0.3885 
5.0601 0.07 2 467 0.42? 1;707 e: 101 263 9.343 4242.52 0.0798 
5.0602 044 2.67 0,427 1.707 101.263 9.543 8301.22 0.1561 
560603 0.21 2.67 0.42? 1.707 101.663 9.543 13285.60 02499 
5.0604 028 2.67 0.427 1.707 101263 9.543 16589.?, 0•5120 
5.0605 0.55 3.67 0.427 1.707 101263 9.543 2189840 0.4116 
5.0606 0.07 2.67 0.427 1.707 101.263 9.543 4420,39 0.0831 
5.060? 0.14 2.67 0.427 1.717 101263 9,345 8520.43 0.1642 
5.0608 0.21 2.67 0.4227 1,737 101.263 9.543 13020.30 0.2449 
5.0609 028 2.67 0.427 1.707 101263 9.543 17114.5 0.3219 
5.0610 0.35 2.67 0,127 1.707 101263 9,343 22133.90 0.4163 
5.0632 0.07 2.67 0i4e7 1.707 101.263 9.543 4125.51 0.0776 
54612 0.14 2.67 0.427 1.717 1'31.263 9.545 88:8 .29 0.1662 
5.0613 0.21 2.67 0.427 1.707 101.263 9.543 32964610 02438 
5.0614 0.28 2,67 0.427 1.737 10126) 0.543 17645,10 0.3318 
5.0615 0.35 2.67 0.427 1.707 101263 0.543 20696.50 0.3892 
5.0616 0.07 2.67 0.427 1.707 101.26) 9,543 4360.50 0.0820 
5.0617 0.14 2.67 0.427 1,707 101.265 9,545 8615.66 0.15 20 
5.0618 021 2.67 0,427 1.707 101263 9.543 12964.10 02438 
5.0619 0.28 2.67 0.427 1.707 101 265 9.543 1711430 0.5219 
5.0620 035 2 .67 0.427 1.707 101 263 9.54) 21572 30 0.4057 



Vrnaleage] [211  41. 	[5; 	
?iv .Poo. - -0.065 - D 4 48 	2,6 

on rearrenSina 

8a 

Aura 045.1.  

gaiagannianiirnaCt 

Sharesis Cornlatian (21) for Predicting Pressure Drop 

for Swirling Flow in Long Rorisonta Tube ism 

IR ea 	
4o,15 [ , 	-0.065 	 4,18 	2.6 

."..46 le 572104.2 PO] 	
:DT 

1 -P.  

66 

or bP  V
1
*
72  

Run 

No. 

perl.0  

centel 

Press-  

ure 

Drop 

Wee 

265702404  

-0.15 

:1,.] 

00.065 _ 	4.18 

-44 ' 	- 0.51 
2$6 

p1•72 i 
Preen 

tad 
pre PP 

DrOp 

kg/as 

ii] v 
J _ 	, g C 

1 3 5 7 9 

5.0701  0.07 2.63x205  0.441 1.663 347.900 6.063 1967.22 0.080 

5.0702 0.14 263 0.441 1.663 347.900 6.063 4015.61 0.161 

5.0703 0.21 2.63 0.441 1.663 347.900 6.063 5976.84  0,24: 

5.0704 0,28 2.63 0.441 1.66) 347.900 6.06) 7500.22 0.50: 

54705 0•35 2,63 0.441 1,663 147,900 6.06) 9962,48 0,40! 

5.0706 047 2.63 OJAI 1.663 347,900 6.061 1860,25 0.07! 

500707 0,14 2.63 0.641 1.665 347.900 6.065 3991.2/00,16i 

5.0708 0.21 2.63 0.441  1.663 147.900 6.063 5826.94  0,231 

5.0709 0.28 2.61 0,441 1.663 147.900 6.065 7445.54  0.30a 

5.0710 035 2.63 0.441 1.663 347.900 6.061 964/4,12 03% 



01 

Table Ne.5.12 code) n 0. 
1 2 3 Tr 5 6 7 8 9 

5.07U 0.07 2.63 0.641 1,663 347.9013 6.063 196722 0.0800 
5.0712 0.14 2 .63 0.441 1.663 347.900 6.063 3864.27 0,1572 
5,m0 0.21 2.63 Mitt 1.663 347.900 6.063 5614,65 0,2284 
5.0714 0.28 2.63 0;441 1.663 347,900 6.063 7634.47 0.3106 
5.0715 0.35 2.63 0.441 1.663 347,900 6.063 9962.48 0.4055 
5.0716 0.07 2.63 0.441 1,663 347.900 6.063 1886.85 0.0768 
3.0717 0.14 2.6) 0.441 1.663 347,900 6.063 3756.13 0,1527 
5.0718 0.21 2063 0.441 1.663 347,900 6.063 5573.2) 0.2267 
54719 us Eo 0.441 1.663 347,900 6#063 7972.45 0.3244 
5.0420 0.35 2.63 0.441 1.663 3479.00 6.063 9304.06 0.3785 
5,0801 0.07 2.65 0.447 1.663 347.900 6.063 183340 0.07620 
5.0802 0.14 2.65 0.447 1.66) 347,900 6.063 386427 0.1606 
5.0803 021 2.65 0.447 1.663 347,900 6.063 5699.17 02368 
11.0804 0,28 2.65 0.467 1.668 347.900 6.063 7779.03 0.3232 
5.0805 0.35 Ee 0.447 1,.663 347.900 6;063. 9591.54  0.3985 
5.0806 0.07 2.65 0.447 1.663 347.900 6.06) 1886.85 0.0184 
5.0807 0.14 2.63 0.447 1.663 347.9 co 6.063 3647.93 (33916 
5.0808 0.21 2.65 0.447 1.661 347.9 00 6.06) 5447.84 0.2264 
3.0809 0.28 2.65 0.447 1.669 347,900 6.063 7287 # 30 0,34:08 
%ow 0.35 Ee 0.447 1.663 347.9 oo 6.063 9750.02 0.4031 
5.0811 0.07 2.65 0.447 1.665 )47,90o 6.063 1886.83 t),o784 
5.0812 0,14 2.63 0.447 1.665 347.900 6.063 3900.37 0.1621 
5.0815 021 2.65 0.447 1.663 367.900 6.063 3699,17 0.2368 
54814 0.28 2.65 0.44? 1.663 347,9 oo 6.063 7635.47 0.317) 
%ow 0.35 Ee 0.447 1.663 347.90 0 6.063 9591,34 0.3985 
540816 0.07 2.65 0.447 1.663 347.900 6.063 195).66 0,0812 



62 
Table Na.5.22 00A dti llkOt 

1 2 7 8 

5.0817 0014 2.65 0.b47 1.663 347.9 6.063 5734,13 0.1560 

3.0818 021 2.63 0.447 1.663 347,9 6.063 5874.34 0.2441 

5.0819 0.28 2.65 0.447 1.66) 347.9 6.063 7557.41 0.3057 

5.0820 0.35 2.65 0.447 1,663 347.9 6.063 9096.85 0.5780 

5.0901 047 2.67225500454 1.661 147.9 6.063 1781.77 0.9758 

5.0902 0014 2,67 0,454 1.663 34719 6.063 3721.83 0.1583 

5.0905 0.21 3.67 0.454 1.663 347,9 6.063 5704.31 0.2426 

5.0904 0.28 2.67 0.454 1,663 347.9 6.063 7117.49 0.3026 

5.0905 0.33 2.67 0,454 1.663 347.9 6.063 9278.84 0,3949 

5.0906 0.07 2.67 0.454 1.663 347.9 6.063 1860.25 04711 

5.0907 0.14 2.67 0.454 1.663 147.9 6.063 3578.46 0.3522 

5.0908 0.21 2.67 0,454 1.663 347.9 6,063 5365.53  0,2281 

5.0909 0.28 2.6? 0.454 1.663 347.9 6,063 7)03,88 0.3106 
34910 0.33 2.67 0.454 1.66) 347.9 6.063 9538.69 0.40% 
3.0911 0.07 2.67 0.454 1.663 347.9 6.063 1900.22 0.0808 
5.0912 0,14 2.67 0.454 1.663 347,9 6.06) 3688.04 0.0168 

54913 0.21 2.67 0.454 1,663 347.9 6.063 570431 0,2426 

3,0914 0.28 2.67 04,454 1.663 347.9 6.063 7635.4? 0.324? 

5.0915 035 2.67 0,454 1.663 347.9 6,063 9225.43 0.5879 

5.0916 0A7 2,67 04454 1.665 347.9 6.063 1860.25 0.0791 

549/7 0.14 2.67 0.459 1.663 347,0 6.063 3793.04 061613 

5.0918 0.21 2.67 0.454 1.663 347.9 6.063 5619.76 0.2390 

5.0919 028 2.6? 0.454 1.66) 347.9 6.063 7123.83 0.3029 
54920 0.35 2.67 0.454 1.661 347.9 6.063 8850,64 04576) 
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Inside diameter of Dermot tube 

Length of perapa tube 

blade diameter of nwirl chasbor 

Inlaid' diameter of tangential entry 

Correction factor for refraction 

— 5.71 ems 
- 570 cep 

011,50 me 

e 1060 ems 

-085 

Bun No. Dine Air Core Average Run No. Dint- Air Cory Average 
tnnee 'Dinmeter Air Care ace Diameter Air Core 
along ern. Diameter nixing Diameter 
the titter np the COO. after Apps 
tube plying tube lying Ref- 
Axis Refract- Lae motion 
emo. ion Core 

notion 
env. correction 

ems. 
CMS. 

2 3 2 

5.0101 0 5.867 4.62 120 4.996 
20 5.638 140 4.950 
40 5.57/ 150 4.364 

60 5.450 
560103 0 6.012 4.27 

80 5.145 
20 5.848 

105 4.985 
40 5.374 

5.0102 0 5.969 4-.64 60 5.175 
20 5.95? 80 5.050 
40 5.87? 100 4.850 

60 5.851 220 4.790 

80 5.790 140 4.570 
100 5.550 170 4.550 

180 4,264 



1 2 3 4 

5,0104 0 %SOO 4.46 60 5.385 
20 5.940 80 5.095 
40 5.793 305 4,995 
60 5.728 

5.0107 0 5.890 4,59 
80 5.625 

20 5.850 
100 .5 ,350 

40 5.750 
120 5,080 

60 5.790 
140 4.850 

80 5,688 
190 4.424 

100 5,415 
210 4.300 

120 14 425 
5,0105 0 6.005 4,52 140 4,850 

ZO 5.950 148 4.452 
40 $.890 

5,0108 0 6,025 4.33 
60 5.628 

20 5.915 
80 5.515 

5.505 
100 5.378 

60 5.280 
120 5.295 

80 5.090 
140 5.088 

100 4 .960 
170 b . 950 

120 4.825 150 4.818 
140 4,610 

210 4 .715 
17) 4 .375 

230 he T5 
178 4.374  

5,0106 0 5.905 4 .61 
5.0109 0 6.015 4,48 

20 5.610 
20 5,895 

40 5.524 
40 5.755 



b 

2 3 4 1 2 3 
60 5•!'+0 5.0112 0 5,910 4,56 

80 5.629 20 5.835 

100 5.253 40 3.695 
120 5.150 60 5.645 
140 4.99) 80 5.578 
170 4.775 100 5.438 
190 4.423 120 4,955 
208 4,385 14o 4,849 

14? 4,3.54 
9.0110 0 5.930 4 .46 

20 5,915 540113 0 5.995 4.36 
40 3.843 20 5.950 
60 5,578 40 5,650 

So 5.500 60 3.635 

100 5.295 80 3,113 

120 5.225 100 4.151 

140 4 .985 320 4.868 
170 .89) 140 4,627 
190 4.180 1?0 4,398 
210 4,628 178 4 .292  

223 4.433 
5.0114 0 5.978 4.50 

5.0111 0 5,%3 4.59 20 5.838 
20 5.625 40 5.725 

40  5.49, 60 5.695 
60 5.415 SO 5.658 
So 5.105 100 5.350 

3.04 4.850 120 5.195 



3 

140 
170 

5.013 

4,570 

40 

6o 
5.795 
5.738 

190 80 5.715 

208 4.338 100 5.345 

320 4.8% 
5.0115 0 6,005 4.47 

140 4.835 
20 5.890  

148 4.290 
4o 5.823 

Go 5.535 5.0118 0 6.000 4.34 

80 5.478 20 5.938 

100 5.308 40 5*378 
320 5235 60 5.513 

140 5.005 80 5•112 

170 4.945 wo 4.997 
190 4,810 120 4 .807 

210 4/613 140 ti *597 
225 4,3 170 4.4].5 

1% 4.415 
510116 0 5.910 4.66 

20 5.731  5.0119 0 5.985 4.45 

40 5.613 20 5.823 

60 5.535 40 5.715 
80 5.140 60 5.638 

103 4.950 80 5,5% 
100 5.178 

5.0117 0 5.948 4.53  
120 5,105 

20 5.895 

tju 
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2 ) 

40 5.795 170 4.7.28 

60 9.738 191 4.448 

80 5.713 207 4,405 

100 5,5115 
3,0120 	0 5.995 4.47 

120 4.89) 
20 5.9)5 

140 4.855 

14$ 4,290 
40 5.835 

60 5 b 5/3 

5.0179 0 6.000 4,34 80 5.505 

20 5.938 100 56329 

40 4.478 120 5.215 

60 5.313 140 4.871 

80 5.122 170 4,877 
100 4.997 193 4.7T 
130 4.807 210 4.650 
140 4,597 226 4 1,495 

1„) 4,1115 

176 4,415 
5.0321 	0 5.955 4.63 

20 5.6)3 
5.0119 0 5.985 4,45 40 5.575 

20  5.823 60 5.405 
40 5 n5 80 5.138 
60 5.638 lee 4,950 
80 5.592 

200 5,178 5.0122 	0 5.900 11.57 

120 5.105 
20 5.833 

140 4.995 
40 5.738 
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I 

6o 5.689 190 4.378 

80 5,635 205 4.370 

100 5.39 
5.0123 0 6.000 4 49 

230 5.005 
20 3.895 

140 4.895 
40 3.800 

145 4.375 
60 5.651 

5.0123 0 6.030 4.42 80 5.615 
20 MOO 100 5.358 
40 5,678 320 5.235 

60 5.419 140 5.038 

80 5.323 170 4.910 

200 5,105 190 4,815 

120 4.1,0 230 4,680 

140 6.613 220 4, 3  

170 4.555 
5.0201 0 5.930 4,67 

175 4.435 
20 3.725 

5.0134 0 5.915 4.40 40 5.550 

20 5.800 60 5.478 

4, 5,689 80 5.210 

60 5.615 105 5.09e 

80 5,485 
5.0202 0 5.935 4 .64 

100 5,169 
20 5.947 

220 5.018 
40 5.935 

140 4.875 
60 5.872 

160 4.698 



3 4 1 2 

60 5.813 170 4.731 
80 5.803 /90 4,495 

100 5;374 232 4.583 
120 5.023 

5.0205 0 6,105 4.61 
140 4.925 

20 5,995 
1% 4 ov75 

5.905 
3.0201 0 6,059 4.33 0 5.648 

20 .5.957 80 5,532 
40 5.438 100 3 a 415 
60 5.288 120 3.318 
80 5.102 140 5,325 

100 4.983 170 4.925 
120 4.828 190 4.848 
140 4.05 210 4,738 
170 4.378 230 4.490 
180 4.273 

540206 0 4.005 4.68 
4 0 6.025 4.30 20 3,735 

20 5.975 40 5.558 
40 5.833 60 3.493 
60 5.755 80 5.228 
80 5.685 106 5.024 

100 3.480 5.0207 0 3.950 463 
120 3.035 20 5.903 
140 4.873 40 5.875 
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3 
	

5 

	

60 	5,835 

	

80 	5.785 

	

200 	5.405 

	

120 	3.038 

	

140 	4.948 
150 4.3e 

5.0208 0 6.040 4.33 

	

20 	5.970 

	

40 	5.445 

	

60 	
5.088

305 

	

80 	51  

	

100 	4.945 

	

120 	4 .800 

	

140 	4.578 

	

170 	4 405 

	

180 	4.305 

5.0209 0 5.985 4.51 

	

20 	5.955 

	

40 	5.890 

	

60 	5.785 

	

80 	5,635 

	

100 	5,515 

	

120 	5.000 

	

140 	4..905 

	

110 	4.775  

4.513 
210 	4.' 348 

3.0210 o 6.085 4.55 
20 6.005 
40 3.913 
60 5.712 
80 5.572 

100 5.39e 

	

120 	5.325 
140 5.178 
170 4 .955 
193 4•855 
no 4,790 
227 4.408 

5.0211. 0 5,993 4,69 
20 5,195 
40 5.601 
60 3.933 
80 5,195 

104 %OM 

5 do 212 	0 	5.982 
20 5.885 
40 5.869 
60 5.845 
80 5.748 



1 

100 5.444 94315 0 6,O 4.56 
120 5.000 20 5.990 
140 4.913 40 5. 903 
1,46 4.295 60 5.745 

80.  5.585 3.cel3 0 6.000 4.30 
100 5.405 

20 5.950 320 5.542 
40 4,445 

240 3.195 
60 5.528 

170 5.000 
80 5.013 

190 4.895 
100 4.908 

2W 4 1805 
220 4,82) 

027 4.435 140 b .538 
170 4.380 5.0216 0 5.985 4.67 
175 4 255 20 51,828 

40 3.615 
5.0214 0 6.038 6.54 

60 5.485 
20 5.985 

80 5.203 40 5.905 
105 4.1325 

60 5 ,a2 
80 5.638 580212 0 5.972 4.57 

WO 5.498 20 5.905 
320 3425 4 0 5.81) 
140 44988 60 5.775 
170 4.805 80 5.690 
190 4.544 100  5.358 
209 4.355 120 4.832 



2 

140 4,765 5.612 
147 4.253 .80 5,498 

100 5.355 5,0218 0 5,99$ 4.35 
220 5.248 

20 5.938 
/40 5.072 40 5.500 
310 4.90, 

60 5419 
190 4,825 100 5 
2W 4 MS 

lao 4,785 
223 4,50 00 4,608 

1470 4.471 5.021* 0 55990 4 ,68 
180 4,465 20 5.850 

40 5,668 
5.0219 0 6,000 4.46 

60 5.508 20 5.855 
80 5495 40 5.718 

10) 6.858 
60 5.600 
80 5.625 5.022 0 $ R 980 4,647 

100 5,200 20 5.890 
220 5.128 40 5.805 
240 6,000 60 5.790 
170 4,719 80 5.715 
1% 4,4% 100 5.375 
208 4.595 320 4,848 

140 5.778 
5M220 0 6.085 4,51 

146. 4 .295 20 6.010 
40 5.903 
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54223 0 
20 
40 

60 
80 

6.005 
5480 
5.708 
5.423 
5.348 

80 

120 
140 
170 

100 
5.300 

5.362 
5.2n 
5.000 
4.903 

by 5.085 190 4.800 

120 4.905 210 4.668 

140 4.638 224 4.309 

170 4.303 50301 0 5.933 
180 4.490 20 3.772 

3.0224 0 5.935 1+.11-0 40 56%5 

20 5.805 60 3.505 

40 5413 80 5.218 

60 5.625 105 5,3.13 

80 5.505 5.0302 0 6400 4.65 
100 5.0951  20 5.950 
120 5.000 40 %OS 
140 4.905 60 5.850 
40 41678 80 3.81) 
205 4.245 100 5.405 

5.0225 0 6.013 4,48 120 5.048 

20 5.913 140 4.935 

40 5.823 150 4.505 

60 3.585 



4 '7 

1. 3 

MO) 103 60 3.672 

20 5.962 80 5566  

40 5.453 100 5,448 

60 5.320 120 5.124 

80 5.085 140 3,141 

100 4.961 170 4,908 

220 4,842 193 4,852 

1.40 4.565 210 4.752 

170 4.382 230 4.501 

180 4.305 5,0306 0 6.035 4.67 

5.0104 0 6.000 4,50 20 5.715 

20 5.958 40 5.493 

40 5.845 60 3,478 

60 5.695 80 5,238 

80 5.631 105 5.005 

100 5,531 5.0307 0 5,973 443 
220 5.100 20 5,91) 
140 i.900 40 3.885 
17'.) 4.748 

60 9.812 190 4,509 
80 5.795 212 4,305 

100 5.390 

5.0305 0 6.085 4.54 120 5,014 

20 5.990 140 4 • 963 

40 5,913 130 4.278 



7 5 

a 

54308 • 4.005 4,3! 100 5.464 
20 5.958 120 5.338 
ho 5.503 1.40 5.165 
60 5.300 3.70 4.936 
80 5/122 190 4.695 

100 4'968 .210 4.757 
220 4.808 22? 4.475 
i3/40 4.585 

5,05 000 no 4.417 
20 5.723 180 4.285 
40 5.508 

9 0 5.988 60 5.488 
20 5.934 80 5.265 
40 5.885 1C0 4 ,990 
60 5.803 

54412 5.990 
80 5.645 

20 5.985 loo 5.ee 
40 5.905 220 4.980 
60 5.828 

140 4,880 
80 5.800 

170 4.755 no 5.388 
190 4.495 

120 5.003 230 4.315 
140 4.917 

5,0310 0 6.045 4.54 150 4.308 
20 5.948 
40 5.900 
60 5.684 
8o 5,515 

4.53 
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4 

50051 0 5.985 4 054 80 5.570 

20 5.923 100 5.585 

40 5.542 uo 3.355 

60 5,52, 140 5.212 

80 5,225 170 5.085 
100 5,11e0 190 4,915 

220 4,823 210 4.822 

140 4.625 227 4.445 

WO 4.425 
50036 0 5.995 4167 

180 4.265 
20 5.775 

'40514 0 5482 4.56 40 5.620 

20 MO 60 5.498 

40 5,895 80 5200 

60 5.800 103 4.863 

80 5.658 
5.0517 0 5.988 

100 54518 
20 5.900 

120 4.975 
40 5.850 

140 4,865 
60 5.800 

190 40715 
80 5.717 

210 40510 
1.00 5.556 

5.11335 0 6,005 4,55 120 4.849 

ad 5,965 140 4.773 

Ile 5,888 14r 4 2,5 
5.0118* 

60 5.657 
500519 0 6.070 4.46 



2 -3 a 3 
20 5.885 6) 5.529 
40 5.763 $0 5,205 
60 5.625 10 4.935 
80 9.580 5.0 0 5.985 41.68 

100 5.21) 20 5.888 
120 ,,1% 40 5.812 
140 4.942 

60 5.790 
170 4.721 

80 5.721 
190 4.468.  

100 9.372 
208 4.305 320 - 4,86) 

5.0320 0 6.038 4.50 140 5.772 
20 6.000 146 4.117 
40 5.328 

5.0323 0 6.000 ;.43 
60 5.658 20 5.978 
80 5,475 

40 5.715 
100 95323 

60 5.428 
120 5,,05 

80 5.363 
140 5.014 

100 5.105 
170 4. goo 

120 4.91a 
190 4,805 

140 61605 
210 4.688 

170 4.495 226 4.471 
180 4.475 

3.4321 0 6,000 4.69 
5,0324 0 5.975 4.40  

20 5.795 20 5.821 
40 5.7)0 

40 5.714 

77 



3 7 

1 	2 5 4 

60 5.608 80 54.13 
80 5.488 am 5.032 

100 5025 320 4.800) 

120 5,029 140 4.638 
140 4.917 17) 4.428 
170 4 482 180 4.205 
190 4133, 
205 4.275 

5,0)25 0 6.028 4.49 

20  5.948 

40 5,835 

60 5.600 

80 5.513 
100 5.340 

120  5.200 

140 4.96) 

/70 4.895 
190 4.806 

210 4.705 

224 4 ‘485 

;tons 0 3.978 4114 
20 5.905 
40 5.572 
60 5.348 



TAaz* - 14,14,1  

pAT4 WI An caliRMAnTrii ALONG TI +3"s 

Inside diameter of Dermot tube 
Length of perspex tube 
Inside diameter of evirl chamber 
Inside diattter of tangential catty 
Correction factor for refraction • 

79 

VIM Ace 

SO 343. Cue 
370 Cts 

ill• 11.50 ens 
1.60 Cos 

•• 0.87 cps 

Run 
no. 

Distance 
Along tht 
Tube 
Axis 

Cms 

Air 
Coro 
Di acet• 
Or 

Cns 

Average Air 
Core Die- 
meter 
after 
Applying 
refraction 
cc ne alma 

Cms 

Run 
No. 

• 

- 
Diatom. 
es Alorg 
the 
Tube 
Axis 

CMS 

Air 
Core 
Die- 
meter 

Cell 

Average 
Air Cor 
Dia- 
meter 
after 
Applyin 
refract- 
tionsoo rrokana 
-;ris 	to.  2 3 1 2 3  

5.0401 

541/42 

20 
25 
ho 
55 

70 
so 
85 
10 
25 
Iso 

55 
70 

85 
200 
1.23 

an 
3.075 
2.935 
2.900 
2.900 
2,5100 
2430 
3.276 
3.300 
3.033 
3.020 
2.881 
2466 
2.619 
2.140 

2.119 5.003 

5.01104 

10 
25 
ito 
55 
Po 
85 

100 
25 
130 
15 

30 
50 
70 
90 

3.300 
3.220 
3.o% 
2.988 
2.832 
2.761, 
2.693 
2.438 
2.650. 
3.750 

3473 
3.04So 
2.00 
2.748 
2.560 

2.43 

2.2? 
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Table « 5114  (Contd,)  

3.o ha, 

.006 

5.8407 

no 
130 
150 

163 

10 
313 
co 

70 
90 

310 
130 
1% 

187 

10 
25 
ho 
55 

70 
85 

10 
25 
leo 
55 

70 
85 

2.4n 
2.375 
2.184 

1.884 

3.315 
3.132 

3.015 
2.781 
2.6h0 

2.49 

2.378 
2.230 
1.450 

3+150 
3.093 
3.004 
2495 
3.000 
2,590 

3.270 

3.325 
3.050 
3.015 

2.890 
2.720 

2.26 

2.58 

2.47 

54408 

5.obog 

5.0410 

100 
122 

lo 
25 

bo 
515 
70 

85 
100 
135 

132 
145 

b 
30 
50 
70 

90 
210 

130 
15o 
165 

10 

30 
50 

2.610 
2.036 

3.255 
3.23.6 
3.054 
3.0.50 
2108b 

2.982 
2.674 

2495 
2.434 

1.1,70 

3.26o 
3465 
2.950 
2.854 
2.577 
2.395 
2.365 
2.200  

1.875 

3.300 
3429 
3.084 

2.48 

2.23 

2.27 
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Table a  5.11,  (Contd.) 

5.0411 

5.0142 

70 
90 

110 
130 
150 
165 

185 

10 
25 
% 
55 

70 
8? 

10 
25 
1/4 

55 
70 

85 
100 
123 

2.674 
2.760 
2.570 
2.1.30 

2390 
2,075 
1.535 

3462 
3.050 
3.415 
2.995 
2.900 
2.550 

3.288 
3.094 

3.072 
3.010 

2.981 
2.950 
2.028 
1.993 

2.56 

2,52 

44463 

5.0414 

5.0415 

10 
25 

110 
55 
70 

85 
100 
115 
130 
144 

10 
30 
50 
70 

90 
110 
130 
1E0 

10 

30 
50 

3.290 
3 485 
3.115 

3.080 
2.993 
2.942 
26815 
2 riTh 
2.520 
1. 52 5 

3.324 
3.125 
3.o56 

2458 
2.725 
2.569 
2.485 
2.362 

3.335 

3.tho 
380110 

2 

2.45 

2 *tea 
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table 5,0 (contd.) 

70 • 

90 
2.875 
2.70 

55 
20 

3430 
2.996 

210 2.600 85 2.06 
130 2.530 200 2425 
$0 2.390 215 2.780 

180 2.330 130 2.950 
145 24495 5.0416 10 3.155 

25 3.080 5.043.9 3.339 2.48 
40 3.060 30 3.180 
55 3.000 5o 3.oit 
470 2.955 70 2.924 

86 2.545 90 2.840 

5.0417 10 3.260 2,51 210 2.525 
133 2.480 

25  3.070 
40 30305 

160 2.475 

95 2.982 54426 10 3.350 2.1/43 
a 2.949 30 3.214  
85 2.94 50  3.045 

200 2.800 70 2.879 
224 2475 90 2.710 

no 2.550 
5.0418 	20 3.303 2.4 

25 3.280 130 2.530 

110 3.150 
150 2.550 
18o 2.295 

STEAL LIMY 111111:19TT CF a0CriEE 
1(1 LICE 
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TOD 5411/4 (Contd.) 

5 so 5o1. 20 3.228 2.55 910 2439  
25 3.003 so 24799 
1/40 2.956 2I0 2.1/475 
55 2.832 130 2.300 
X 241/40 1% 241/480 
85 2.632 165 1.765 

.0502 10 3.315 24)42 - 54505 10 3.225 2.26 
3o 34% 30 3.11/40 
50 3.005 50, 2.970 
70 2.762 70. 2451/4 
90 2.777 90. 2,720 

120 2.530 210 2/45 
223 1.909 230 2480 

5.0503 30 3.282 150 2,225 

3o 3.225 187 /.510 

co 3471* 1.0506 10 3a1/41 2.57 
'X 2.825 25 3.053 
90 2.632 1/40.  31013 

110 2.350 55 3.020 
130 243,0 71) 2 asla 
11/45 1,90 135 2.525 

5.0501/4 10 3.280 2.35 5.0507 2.0 3.280 2.50 
30 3.225 30 3485 
So 3409 50 3420 
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Table - 5.14 (contd.) 

70 

90  
110 

122 

3.065 
2.9% 

2,555 

1 990 

70 

90 

110 

130 
150 

24359 

2.600 

2.1175 

2.300 
2.22:i 

5.o503 20 3.230 2.40 
205 1353 

30 3.133 
50 3.0e 5.0511 10 3.225 aig".  
70 2460 25 3.221 
90 2.433 40 3.100 

110 2.695 51 3425 
130 2.480 77 2445 
145 1.9e 85 2..5U5 

5 so 509 10 3.25`7 2.39 54512 20 3.214 236 

30 31]50 30 3.212 
50 2.9% 50 3.125 

70 2.9U R) 3450 
90 2.777 90 2.971 

110 2.690 110 2.000 
130 2 375 121 24% 
150 2•550 

54113 10 3.3110 2.46 
165 1490 

30 3.173 
5.0910 10 3.220 2.27 50 3.120 

• 30 3.160 70 2.880 
50 2.900 90 0 «700 
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Table 5.14. (Contd.) 

I 
1 	

2
1 

3 1 2 

210 2.700 70 2.830 

130 2 465 85 26550 
la 2 .150 5.o517 10 3.270 2.62 

54514 30 3.255 2.1  30 3425 

30 3.140 50 3.200 

50 3 .0 90 70 3.065 
7o 2.920 90 3.000 
90 2415 320 2.935 

210 2.590 123 2.440 
130 2.505 
160 2135 

54538 20 
30 

3.350 
3,160 

2.46 

5.0515 20 3.213 2.39 5o 34.35 

30 3.117 70 2.915 

So 3.025 90 2.725 

70 2.835 no 2.705 
90 2.844  130 2.538 

2.6% 3.414 2.050 

230 2.530 
5.0519 20 3.258 2.47 

150 2.525 
3o 3425 

230 2,030 
So 3.079 

4518 20 3.225 2.61 70 2.870 

25 3.200 90 2.780 
110 3.110 Ilo 2.600 
5/ 3400 130 2.525 



86 
tablo gat* (Conti«) 

EIMMENININUEN 

54520 

54601 

5.0602 

359 

20 
30 
% 
70 
90 

210 
13o 
$0 
181 

10 
25 
ho 
55 
70 
85 

10 
So 
50 
7o 
90 

no 
124 

2.455 

3.313 
3.291 
3440 
2.975 
2.791 
2.720 
2.530 
2.520 
2.155 

3.230 
3.085 
2494  
2,909 
2.855 
2.595 

3.354 
3.140 
3.015 
2.1085 
2485 
2,575 
2.405 

236 

2. 

5.0603 

5.0604 

5,o6o5 

10 
3o 
50 

70 
90 

110 
1,30 
245 

10 
30 
% 
70 
90 

110 
13o 
150 
165 

10 
30 
50 
70 
90 

320 
130 

3.295 
3.175 
3.050 
2.845 
2.6% 
2425 
2.315 
148% 

3.290 
3.19, 
3.425 
24465 
2.800 
2.465 
2.325 
2.280 
1.825 

3.xe 

2.31.,  

2.34 

2.28 
3.255 
3,005 
2.890 
2.705 
2.490 
2.31/48 
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Table - 511" (C td.) 

       

       

  

2 3 

   

12A__L3 

      

      

150 2,235 5,06N 20 3.280 2.40 

287 1.1‘35 3o 3.175 

50 2000 
540606 10 3,258 2.58 

70f 2.895 
25 3.305 90 2•7130 
40 2.975 

210 2 .720 15 2.935 
130 2.630 

70 2,865 
3.50 2.575 

85 2.650 
165 1•915 

5•0607 3.0 3.378 2.43  

30 3.3,25 
5.0610 3,0 3 450 2„29 

50 2.995 30 3.190 

70 2.790 50 2.989' 

90 2.765 70 2.870 

210 2440 90 2.700 

325 1.995 110 2„40 

130 2.305 
5,0608 10 3.300 2.ZO 150 2.205 

30 3 438 385 1«4200 
* 3'4b6 

70 2.850 5.0611 10 3.250 2.62 

90 2020 25 3.205 

no 2.05 40 3.089 

130 2.358 55 3405  

3.45 1.930 70 2.856 



Table ies 5014 (Contd.) 

0 a 	2 	3 1 

5.0612 

85 

10 
30 

co 

2.590 

3.290 
3.10 

3.007 

2.144 

5.0615 10 

30 
50 

70 

.3.228 

.3,120 

.3.048 

.2465 

2.41 

70 2.890 90 .2470 

90 2.728 110 2•660 

310 2.590 ix 2.528 

325 2.025 150 2.505 
282 , 2.076 

54613 20 3.345 2.46 

30 3.38; 5.0616 2.0 3.240 2.60 

50 3.128 25 3.205 

70 2.850 40 .3.059 

90 2.715 55 .3.089 

310 
 

2.720 ;10 2.810 

130 2.590 83 .2.525 

114 24.1$5 546.17 10 3 a5 2.49 

1,0614 10 3.270 2.47 3o 2.215 
33 3465 5o 3463 

50 3.000 70 3.034 

70 2.90 90 2.956 

90 2.025 110 2.924  

120 2.583 224 2.433 

330 2.535 5.0618 lo 3.375 2.47 
150 2. 30 3.145 

88 

2 



Table - 544 canto.) 

3 	 3 

5o 3.120 130 2.535 
2,9X1 150 2.505 

90 2495 179 2425 

120 2,750 
130 2.505 

114 2.028 

5.0619 10 Moo 2.4 
30 3445 

50 3495 

2.900 
90 2096 

134) 2.638 

130 2.536 

so 2,165 

5.0620 10 3.3110 2.45 

30 3.215 

50 3.085 

70 2.9% 

90 2415 
13.0 2065 



.5.15 

'DATA OU AIR CORK DtArZTER AL0NO 1113 TUBS AXIS 

9 0 

Inside diameter of parepex tube 
Length of imports tube 
Inside diameter of swirl amen 
Inside diameter of tangential entry 
Correction factor for refraction 

os 24,54 Cms 
135 ems 

.. 10.30 Cms 
.s 1027 ems 

Oke 0.757 eau 

Run Distan- Air Average Run Distar Air Average 
No. ce Aleut Core Air Core No. ce Core Air Core 

the Die- ' Diameter Along Dia- Diameter 
Tube 
Axis 

'meter after 
applying, 
refracticn 
correct- 
ice 

the 
Tube 
Axis 

meter after 
APD1Tim8 
refract* 
Lion 
oerrets 
tion. 

Cos ems . Cms Mai en (7" 
1 2

.  
3 4 1 2 3 

540701 0 2.141.  1•42 5.0703 0 2.262 1.40 

10 2.055 15 2425 

20 24312 3o 1.959 

30 1.885.  4, 1.902 

40 1.786 60 1.725 

50 2.65o 7o 1.650 
60 85 1.299 

5.0702 2.133. 1.43 5.0704 o 2.183 1.35 

15 2,090 15 2.152 

30 1433 3o 1.975 
1.832 45 2.824 

60 1.665 60 1.769 

70 1.665 70 1.730 



Tabu - 5.15 (0003.) 

1 2 j 3 J 	4 	f 1 2 

5.025 

5.0706 

5.0707 

85 
100 

0 
15 
30 

60 
70 
85 

10o 
no 

0 
20 

20 
30 
40 
co 
do 

o 
15 

• 30 
45 
60 
70 

1.3k3 
2.263 

2,235 
2.180 
1.560 
14800 
1.73/40 
1.655 
1.319 
lamb 
2.050 

2410 
2.030 
2,021f 
1.914 
um 
1.675 
1.675 

2.198 
2,1% 
1.960 
UV,  
1047 
1.111 

0,.27 

le►3 

1.11 

54703 

5.0809 

liono 

o 
15 
30 

60 
70 
88 

o 
15 
30 

60 
70 
BY 

100 

0 
15. 
30 
45 
60 

% 
85 

100 
130 

2.175 
2408 
1.966 
1.934  
1.860 
14700 
1.450 

2.185 
2.151 
1.970 
1.920 
1.750 
1.722 
1.375 
1.150 

2.265 
2.20 
1.99 
24% 
1425 

2.760 
1.370 
1.3fe 
1.105 

1.43 

1.35 

1.33 
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Table 5.15 (Canted 

X 2 13 
 1 II 1 121  3 

5.0 0 23?? 60 14307 
20 2.083 70 IMO 

20 1+999 85 1.722 
1.02 97 1.650 

140 1.873 5.0715 0 2.288 1.31 
50 1,745 15 2.x03 
58 1.650 30 1455 

5%0712 0 2 398 1.51 1.900 
15 2.383 60 2.911 

30 2.025 70 1.642 

45 4924  85 1.350 

60 1.830 100 2.240 

60 1.790 209 1.095 

5.0713 0 2.271 1.44 5.076 0 2.261 1.47 

15 2.225 20 2.149 

30 1.930 20 2.089 
115 1.920 30 1.915 
60 1.840 40 4900 
70 1.760 50 1.665 
86 1.390 % 1.575 

5.071.4 2.272 1.45 5.0717 0 2.236 1.50 

15 2.222 15 2358 

30 2.038 30 2.033 

45 1.856 45 1.925 
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Table 4. 945 	) 

1121111111111.1 

.0718 

60 
67 

o 

1.800 
1475 

2.275 

89 
100 
108 

1.390 
1.290 
1.115 

15 2-456 5.0001 o 2.104 3.41 
30 2.050 10 1.982 
45 2435 20  1.940 
60 1.967 30 1.879 
70 14900 10  2.799 
05 1470 90 1.674  

90 1.780 59 1.625 

5.0719 0 2.190 14.14 5.0802 0 2.110 
19 2425 15 2,015 
30 2.042 30 1450 
45 1.900 45 1.794 
60 1,815 60 1.620 
70 1,790 70 1.40 
85 34735 9.0803 0 2.128 1.36 95 1.630 15 2.062 

5.07220 0 2 .2Z 1.32 3o uglio 
15 2.250 45 1.768 
30 2.060 60 1•682 
45 1490 70 1.669 
60 1430 85 1.300 
70 1.690 
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Table » 545 (coeds) 

to 4 

080b 0 2454 13o 5.080 2,220. 2.39 

15' 2.050 15 2.020 

30 1.903 30 1.855 
4 1484 1.800 

60 14.910 60 1.615 

1491 70 2.660 

85 1.325 

100 148/1 
'ace 0 2420 1,39 

15 2.023 

.0805 0 2.206 3o 1.925 

15 2430 145 1.820. 

30 14999 60 1.725, 

1/45 14% 70 14700, 

60 1.790 88 1,1/415, 

70 1.652 

85 1.399 
4a0) 0 2430 1.34  

Zoo 1.190 
15 2490 

110 1.090 
30 

45 

1.950 

1.902 

5.08 2,100 Uhl 60 1.7#4. 

10 2.980 70 1414, 

20 1.975 85 1.1100. 

30 lan 100 la% 

5o 
150 

1.790 

1.688 

1.590 

54010 0 

33 

30 

2.195 

_2.175 

1.969 

1.32  



fable 5.15 (Contd.) 

95 

2 1 

60 

70 

85 

100 
110 

5 	0 

10 

20 

30 

Ito 

5o 

57 

5.0812 0 

15 

30 

14 

60 

67 

5.0813 0 

15 

30 

45 

3 	I 

1475 60 1.766 

1.764 70 1.700 

1.720 85 1.477 

1.475 90 1.415 

1.375 5.0814  0 2.227 	1•34 
1,127 15 2.163 

2466 1)44 30 1.960 

2.073 45 1.937 

24430 a  6o lth 

1.900 1440  70 

tan 05 1.315 

1.436 95 lam 

1.673 54815 0 2./32 	1.30 

2490 1 .*3 15 2.174 

2.050 30 1.955 

1.875 45 1.907 

1.875 60 1.783 

1.675 70 1.713 

1.650 85 1.330 

2.215 1.37 
leo 1437 

2.150 
1.115 

1.893 5.0816 0 2.225 	1.52 
1.825 10 2.085 
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Table Ili  9.3.5 (canted') 

1 2 3 tvi 

20 2424 70 /059 
30 2.080 85 1.705 
to 1.9510 98 1.625 
5143 1.826 

$5 1495 
54920 0 

15 
2.295 	1633 
2 .260 

5.0817 0 2.190 1 30 2.075 
25 2.095 45 1.920 
30 2.000 60 1.648 
14 1.950 70 1,675 
60 1,730 95 1•3110 

57 1.60 100 1.300 

54818 o 2.205 1.33 
107 1.120 

15 2,155 5.0901 0 2.250 

30 1+890 38 2.075 
115 1,780 20 2.000 
6o 4740 30 1•851 
70 1.695 40 1.695 
85 1:130 50 1.616 
90 2,145 fa 1.400 

5:0819 0 2475 1.44 5.0902 0 2.115 	1.1,3 
15 2.155 15 2.111 
30 2,005 30 1.975 
45 4990 45 1•797 

60 1.670 60 1,732 



Table - 5 45 (contd.) 

3 2 

1. 650 

2.172 
2.3.4.5 

1.33 

5.0906 

100 
no 

0 

1.166 
Lad 

2.0'75 1.42 
1.80 20 2.037 
1.8 30 20 Loos 
1.6C0' 30 1.906 
2.50 
za6s• 50 

1.750, 
1.735 

2.241 1.31 60 1,703 

2A94.  .ogai 0 24189 1.46 
2.056 20 247.7 
2.888 20 1.975 
1.8 6 5 30 1.902 
1. 500 40 1.945 
1.250 Co 1.833 
1.000 60 2.775 

24433 1029 70 1.730 

2.120 5so906 0 2,230 1.36 
2.039 lc 2474 
2.875  30 1.955 
x.812 45 1470 
2.633 60 1.,16 
1.400 70 1.490 

	

5.0903 	0 
35 
30 
45 
60 
70 
0 

	

5.0904 	0 
15 

30 
45 
60 
70 
85 

100 

9.905 0 
.15 
30 
45 

60 
70 
85 
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Table e 5.15 (Contd.) 

1 a 3 1 2 3 1* 

88 1.370 50 
6o 

:405 
lisoo 

5.0909 0 2,119 14)33 

15 2.088 54912 0 2.196 

30 1499? 15 2.000 
45 10863 30 1.855 
do 1.775 45 	• 1.782 

70 10501 60 	• 1.751 

85 70 	• 1.710 
100 1,o35 

9.0913 0  2,240 1,38 
5,0910 0 2.347 2,29 1, 2.200 

15 2.158 30 2,040 

30 2.030 41 1.870 
49 14925 60 	• 1435 
do • 1.808 70 1.475 
70 1,680 88 	' 1.420 

05  1.355 
5404 0 2.235 1.32 

leo itkoa 
2495 

zoo ioso,5": 
30 24050 

5.0911. o 0.205 142 45 	• lam 

10 0,175 so 	• 1480 

20 2014 70. 1420 

30 2.030 85 	• 1.350 
2.892 100 0.990 
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Table a 5.15 (C on td. 

5.0915 0 2,235 16313 30 2.104 

15 2.140 45 20013 

30 2.139 60 1.980 
45 1.911* 70 1475 
60 =.0 75 85 1.830 
70 1.732 88 1.350 " 
as 1.500 5.0919 0 2.240 1.32 

100 1.535 0 2 ago 
100 1.250 30 2.995 • 

5.0916 0 2.205 1042 45 1.875 • 

20 2.035 60 1.805 • 

20 1.9% 1.525 • 

30 14.902 al 1.365 • 

40 3.4805 100 0 «970 • 

50 3.745 540920 0 2.207 1.35 

to 1.595 15 2,095 

30 2.140 
5.0931 0 2.05 1.50 

2.322 
45 1.975 

30 1.942.  
60 1.045 

70 1.725 
45 1.920 
60 1050 85 1,575 

70 2.000 90 4940 

5.0918 0 2.280 1•16 100 1.505 • 

15 2.250 20$ 1.290 
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SLIMS 
MAT TRANSOR DOA 740)2 SIM/4NR Fiat 

al 2.84 CE10 

16 3,18 ale 
-10.30 cote 

Inside diameter of the inner tube 
Outside diameter of the inner tube 
Inside diameter of swirl chamber 
Inside diameter Of the tangential 

entry 
Length of the inner tube (toot Emetic 
Pressure of stream 

1.27 cote 
n)-114.5 cms 
- 1.5 kg/cm2  

Run No. 
. 
Condon- 
tratitet of 
Salt saint 
(% by 
Weight) 

... 	.. 	11.....0- 
Inlet 

. A 	'110. 
Outlet 

4. 
:1 St... 
Temp. 

0 0 

Liquid 
Flow 
Rate 
Lit/sac, 

Air 
Rate 
Lit/ 
min. 

U 
FCal/ 
hr,m2 

54601 40,0 45,0 111.37 0.68 Nil 1555.51 

5.1602 1 40,5 44.5 111.37 0.87 Nil 1591.9! 

5.1603 1 40.3 44,0 111.37 1,02  Nil 1717,7; 

5,1604 1 40.0 43.5 111,37 1.13 Nil 1789,41  

5.1605 1 40.3 65.4 111.37 1.35 Nil 1896,21 
5.1606 2 41.0 46.5 111.37 0.69 5.0 1768,61 
5.1607 2 41.5 46.5 111.37 0.79 5.0 1847.41 

5.1608 2 42,0 46., 111,37 0•W 5.0 1943.54 

5.1609 2 42,5 46,0 111.37 1.06 5,0 1997.6' 

5.1610 2 42.7 46.5 111.37 1.18 5.0 2115.7 

5.1611 3 41.2 46.5 111.37 0.73 5.0 1805.5 

5.1612 41.6 46,0 111,37 0.92. 5.0 1887.4 



Table 142.16 coat it 

7 

5,1613 3 42 a 46.0 111.•37 LW 5.0 1957.67 
3.1614 3 43.0 46.5 111.37 124 5,0 2052.40 
5.1615 3 43.0 46.3 111.37 1.38 5.0 2150.00 
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SAM45:12 
lickSLIMMILISSLIALAUSULZ 

Invide diameter of the Inner tube * 2.84 02o 

Outside diameter if the inner tube  3.18 Can 

Inside diameter of axial Inlet  2.6 cav 

length of the inner too (toot  -114,5 on 

progsure of oilman  1,5 heat? 

Ran NO. , Omen* 
tration 
of mut 
Soin. 
Ot_lect_ 
Wesant 	• 

elution pr t  `t istpx, 
Temp. 
9b.  

Liquid 
Slow 
Rate 
Litheo. 

0 KC014:_ 
tit mic 'T nlot 

1 

1t. 

5.  

5,1701 10.5 46.0 111.37 0.51 1297.68 

5,1702 I 405 44.5 111.37 0.73 155348 

5.1703 1 404 43.6 111.57 1.02 1493'25 

5.1704 1 40.3 43.0 111,37 1.19 1561047 

5,1705 2 40.5 46.0 111.37 0.51 1297,68 

5.1706 2 43,5 46.5 111.57 0.76 1590.67 

561707 2 40.5 43.5 111.)7 1.08 147147 

5,038 2 40.2 45.0 111.57 1.23 1554,9) 

5.1709 3 40.5 46.0 111.57 0.50 1272.24 

5.1710 ) 40.5 44.5 111.37 0.75 1372037 

5.1711 3 443.5 45.7 111.37 0.99 1440,65 

54.712 5 41,2 44.1 111.37 1,16 1542.05 
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FIG 5.01 EFFECT OF TUBE DIAME_ TEN ON PRESSURE DROP 
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C25 

U 
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• 
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1 
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CHAPTER Vi 

concurs= AND REC(flENDATION4  

6.01 COittrUSIONS 

From the present investigation the following 

was concluded., 

26  Swirling flow on be obtained by injecting the 

liquid through two diametrically opposite tangential 

inteta. In ordinary tangential entry swirl flows the direc 

tion of flat of liquid at the folio of the tube is found 

to be in a direction opposite to that of bulk flaw, However, 

by inducing air at tits axis of the tube the flow reversal 

can be eliminated and a stable flow with uniform air core 

is easily obtained. 

Z.  Apart from tube diameters tube length and liquid 

flow rate the pressure drop in twirling flown depends twon 

the sairl dhamber diameter, tangential inlet diateter, 

density and viscosity of the liquid. 

).  Scillies' equation ( 5.01 ) for calculating 

Proonontof drop in swirling flow with out flow reversal 

was found to be valid for water an wall as dilute salt 

nelutiOnn. 

• Aa in the can of water the air core diameter 

depends cagy upon tube eine, tangential inlet diameter and 

LI 0 
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swirl chamber sloe for dilute eat solutions also; Liquid 

flow rate and viecoeity of liquid do net seem to enact 

the air core diameter. 

5. 	Air core length increases with ineren ng liquid 

inlet velocity' tube diameter and tangential inlet diameter. 

The stir rate does net peso to have any oianificant 

offset on pressure drop.* air core diaeoter and air core 

length. However,' the stratification of air core et the 

down arena was observed at higher air rate°. 

7. 	Overall bent tranefor rates were found to 

increase idgzifiennetly in swirling flow. In a double 

pipe heat exchanger the overall heat transfer coefficient* 

for owIr11116 flow increase by 16 per cent for without induced 

air and 52 per cent with inducted air aver the ordinary 

axial floe. 

6.0i? .10221==ili 

1. 	Solutions of various sate and other coopeunds 

of higher-concentration east be studied to compute more 

Precinely the effect of viscosity and &malty variation. 

2 	Slurries of large concentration variation count 

be used to study the affect of centrifugal force imparted 

by swirling notion on the particles of different density 

in the olurrios. 
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34  Corprehenaive heat and mass transfer ntudiee leoukoHn- 

carried out using concentrated cautions and alurrins 

to edentate industrial beat and nacs tronsfor 

equipments, 



106 

SAME CA 	ON FCR CASCULAT GOZIRALL MAT TRANSFER 

communist) 

Outside dimeter of the tube 
Inside diaetter of the tube 
Length of tube 
Neat transfer area 

a 3.i8 can 
a 2.84 we. 

11415 ere 
*13•11/4301822.14 .$40.0 

11,0 

gun Nor  .1601  

Inlet temperature of the liquid 	40% 
Outlet temperature of the liquid 	46°C 

ibmporature of steam 	 *111.57 °O.  

Liquid Atm rate 	a 0.68 awe 
Maas flow rata of 11014 	a0.68x1.004 kel000 

40.68 kilsech 
Rise in temperature of the liquid 	I* 5°C 

37 -.40) (3.11.37 - 45) 
a 68 .84 

  

(1 ..3z gis  

(111,57 - 11) 

Overall heat transfer coefficient (11) 

0.6834.023600x5r 

11.4340 z68.84 

1$55.58 Kota/ es` °c. hr 
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