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, 
Opole*

Experimenta! Investigations of the _ĘgthlĄnnular Flow' Transitiorl in a Vertical Fipe**

, An analysis of the boundaries of annular flow development as reported in the literature has been

carried out on a single map with coordinates composed cif the gas and liquid superlrcial velocities. A large

diveigence in the litiraturi data has bĆen found, The new tran§ition lioe fór the annular flow determined

uy niians of analysis of the literature data has been compared with results of the authors experimental

investĘations.

. In rnany industrial operations gase§ and liquids flow vertically uPward through

pipes. For ihe upflow some gęneral types of {low patterq have been reported in the

iitirature and coirelated empirically as function§ of tńe flow ratęs and {low properties.
'The prediction of flow patterns is the central problem for the two-phase

gasłiquid flow in pipes. Design parameters such as the pressure and the heat mass

iransfer are strongly dependent on the flow pattern. Hence, in order to accomPlish

a reliable design of gasłiquid systems such as pipelines, boilers and condenser§ an

"a pńori" knowledge of the flow pattern is needed. "
One of the most important flow patterns is the annular flow which occufs in the

thin film evaporator, thin film gasJiquid reactor and column with cotlcurrent swirl

trays. A genóral schematic diagram.of a typical thin film_evaporator or reactor is

shown in Fig. 1.

For the annular flow considerable expeńmental and theoretical work has been

done but no ręliable general correlation has been established as yet, although correla-

tions forspecific flow systems have been published. Hence, besides direct observation

the only way to determine the flow is to use flow maps.
Flow pattern§ are regarded as related to the physical properties ofeach phase, the

geornetry and dimęnsions of the channet, and particularly the flow rates or velocities

Óf th" gu, and liquid phases and their ratio. A number of flow maps based upon the§e

variables have been presented for the upllow and horizontal flow to predict the flow
pattern,

ł wyższa szkoia Inżynierska w opolu (Higher school of Enginełring opole)

"* this paper has been presented at the Colloquium EUROMECH 162 organized in 1982 bY the

In§titute of Fluid_Flow Machinery, Polish Aćademy of Sciences, and the Technical University of

KarlsrŃe.
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Fig. l. General schematic diagram of a
typical thin film evaporator or reactor
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Fig,2. Froth/annular flow transition line according to the literature data
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of the Froth/Annular Flow...

Fig 3. The general arra$gement qfthe flow system

Fig. 4. §chęme of the probing §ystem -

Govier [2], Hewitt [11], Griffith and Wallis [10] and the others have pro_

duced two-phase flow maps with different co-ordinates.
Our own analysts or ihis border of annular flow lbrmation as reported in the

1iterature has been conducted on a single map with simple co-ordinate§ composed of
the ga§ and liquid superficial vęlocities (Fig. 2). A farge scatter in the literature data

has been found.
As it was expre§sly mentioned, the annular flow is one of the most important m

nany indristriai operations. §o, we decided to correlate empińcally the position of
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the annular flow transition line, A series of experiments wa§ made to investigate
the effect of the,inlet mixer, tubę diameter and liquirt viscogity on the annular flow
boundaries.

The general arrangement of the flow systern is sńown schematically in Fig. 3. The
test section was a glass tube 1800 mm long, of 18 or 25 or 36 mm diameter. The air
and liquid were fed to the mixing chamber. The resulting two-phase mixture flowed
upward in a conflow through the test section into a separator, where the air was
vented to the atmosphere and the liquid returned via cooler or heater and a circulation
pump to the mixing section.

Three kinds of inlet mixerd were used for thę experimental research of two-phase
flows of air-water,.air-watęr solution of sugar and air-oil mixtures , The annular
flow border has been found a§ a conversion from the froth flow to the annular flow
and vice versa. The ranges of the liquid and gas flow ratęs and flow properties were
as follows:

x : 0.05 -i 0.82,

, Wco : 8.5 + 30 m/s, w,;o:0.006 -:- 0.4 m/s,

Qc : 780 + l27O k8/rn', 4t :0.7 + 100.10-3 Pa.s,
P :0.108 + 0.128 MPa, f : 25 -i 35"C,

lń all more than one thousand of experimental runs were made.
The determination of florv patterns was effected by visual observation and

mca§urement of the two-phase mixture resistance. The conductance probe technique
used is shown sclrematically in Fig.4. We uŚed a single central probe being able thus

. to detect differences between bubbly, froth and annulał flows. The technique proposed
,rias based on significant difference of the electrical conductivity of air and water. The
probe was applied at.different locations allowing to determine ąccurately the pattern.
The method of idehtifying the flow pattern was based on an oscillograph trace that
was obtained continuously on the screen. The oscilloscope traces were found to yield.
accurate and convenient pictures of the flow pattern based on their basic definitions.
Representative runs for froth and annular flow patterns are presented in Figs 5 and
6. Thus, flow pattern maps for the two-phase upward flow can be constructed easily
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Wc = 1.66a M,/S Wrs = .OO97 M,/S FROTH FLOW
Fig, 5, Typical traces for the troth how
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Fig. ó. Typical lraces for the annular flow

"*rffi

qpl

0J

q01

1

2
?

{

§

9
+

f roth
t lovr

+łl 290,10 " Po,s

ann ut or
florv

ń1,'0 l0

Ę,/*-16
Fig. 7. Comparison between experimental investigation results and literature data

:1' using the direct infolmation frorn the oscillograph trace provided by the con-
:ucting probe. The sensitivity of this method was sufficient for ideniifying the
-rdividual flow patterns also very close to the trarrsition boundaries. The resuits of.
:oth independent ways of determining the flow patterns (visual observation and
:easuręment rrf the twÓ-phase mixture resistance) §upport the conclusion that ihę
:ansition line shoułd be interpreted as a band rather than a sharp line.

Results of a comparison between the experimental investigation results and those
:,r literature data analysis are shown in Fig. 7.
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The effect of liquid viscosity on the llow pattern transition was carefully examined
and the most charasteństic results from the experimental investigation havę been
marked on this map with lines.

Positions of the transition line reported in the prę§ęnt work are accurate up
to *I5o/o.

Excellent agreement is seen to exist between these two transition lines (from the
analysis of the literature data and from our experimental investigations). This
comparison shows that the region above the line is the annular flow region.

Reived by the Editor, Febrory 1984,
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Doświadczalne badania przeiścia pomiędzy przeŃwern pionowym a pierścieniowym
w pionowei rurze

streszczenie

W pracy przedstawiono wyniki badań przebiegu granicy pomiędzy przepływem pierŚcieniowYm

i pionowym przy ptznpł1ydte ku górze gazu i cieczy w rurze pionowej.

Badania prowadzono w celu wyznaczenia doinej granicy zakresu pracy cienkowarstewkowego aPara-

ru z hydraulic,znie wytwarzanym lilmem cieczy. Na podstawie przeprowadzonego porównania 21 cYta-

*.oy.h w iiteraturze map przepływu zaproponowano układ wspóhzędnych oraz -1 wYnikającą z doko-

ranej analą numerycznej tych map - linię oddzielającą przepływ pionowy od pierŚcieniowego. Przebieg

rej linii potwierdzono własnymi badaniami, w trakcie których anieniano Średnicę rury (18, 25 i 36 mm),

Ękość cieczy (0,7_i100 mPa,s), rodzaj układu zasilania, atakż.e strumienie gazuicleczy.
Badania prowadzooo metodą wŁualnej obserwadi ataz ptzez Ęestrację zmian przewodnictwa

:łektrycznego płynącej mieszaniny dwufazowej.

}ctnepnuerrairuue nocneAoBasm !rcpexoAa Merl§Ąy BeprilKsJIbHbIM ti KoJb{eŃPautffirrvr

TeqeHtrffnm B BepTf,r€Jlbaofi Tpy6e

Pesrc}rę

B pa§ore [poAcTaBJIeHbI pByJIbTaTbI ucc;reAonarrłń xoAa rpanlrqbl Mex,Ąy xo.rrrqeo6PasrrhlM u BeP-

:zraJrb11DIM TeqeHIłrMł, KorAa ra3 u xIlArocTL TeKJiT BBepx B BepT1;raJlBłlofi rpy6e,

t4ccrreAosagns IIpoBoApIncb c q€nbro onpeAeJlelru, nłxrreft rpaxrrllhl npeAeJla Pa6orrr rou-

rJlr;,Iegoqlłoro amlapaTa c rlĄ)aBllrłqecxł o6parosaurłofi rrnerłroi xu.ąKocTff. Ha ocrrose nPoBeAeHHoro

:laBEeHuff 2l ua:rnporamrblx B ,rłTepeTypę KapT teqerruft npeAnararcrc' clrcTeMa roop,{ruła§T u,B§I-

=Ialolt(a, !r3 npol3BeAeHEoro tr[cIeEHoro aEźUIu3a 3Trłx KapT Jltlrrur, pa3.&eJrrroqa' B€pTIłraJIbIIoe

ł rorrrqeo6pagrrod ,ererrrrr. XoA stofi młrułfi no,qrBepxAaeTc, co6crperłrłrncł llccJreAoBaElłrMl{, Bo

3!€M, KoTopbD( lt3M€HrJIIlcb ArraMeTp rpy6u (l8, 25 u36 uv), rxsroc, r xIłArocTlI (0,7-+100 fla'cex),

]aJ ctrcTeMbl IIIłTaHIł', a TaKxe IIoToKIl ra3a fi xu.ĄxocTE.

I{ccaeAogaxnc EpoBoA1angcb MeToAoM Bu3ya1.116goro xa§moAeg[fl, a Ta1xe nyTeM per1acTpaĘ{u,

nvenelrlłż 3JIeKTponpoBoAHocTIł nporeroroqefi ,qByxQasxofi ivecr,


