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Characteristics of Two-Phase Flow in Vertical Pipe
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ABSTRACT

Two-phase flow exists in many industrial components. Characteristics of two-phase flow have been studied by many
researchers; however, a further study of the two-phase is required for flow-induced vibration. Characteristics of two-
phase flow were measured by force sensor at the end of a vertical pipe. The predominant frequency of fluctuation was
obtained for various speeds of flow pattern. A correlation to slug frequency for horizontal flow was obtained by Heywood
& Richardson (1979), while Legius et al (1997) for vertical flow. A coefficient based on the correlation is estimated and
then compared to the existing ones. The existing empirical formulations for average void fraction were proposed by
Wallis (1969), Zuber et al (1967) and Ishii (1970). In the present result, flow parameters, such as flow quality and real
velocity, are evaluated with void fraction.
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Table 1. Flow Conditions

l?u: ;:\:4 Q_total Superficial Velocity . - | ,

Q_gas [Q_NG m*) | j_gas [ jliquid | ]_total 1)
v . | lm/e) ]

=
o
@
-1
&

0.25000 | 0.00009 [ 0.00027 [0.00036 § 0.26500 | 0.79500 | 1.06000 | 5.18750
0.25000 | 0.00017 { 0.00051 |0.00068 | D.50056 | 1.50167 | 2.00223 | 3.12500
0.25000 | 0.00026 | 0.00078 |0.00104 | 0.76556 | 2.29667 | 3.06223 | 331250
0.25000 | 0.00034 | 0.00102 {0.00136 | 1.00111 | 3.00334 [ 4.00445 | 169750
0.25000 | 0.00043 | 0.00129 {0.00172 ] 1.26611 | 3.79834 | 5.06445 | 2.75000
0.50000 § 0.00018 | 0.00018 |0.00036 { 0.53000 | 0.53000 | 1.05000 | 3.66750
0.49020 | 0.00025 | 0.00026 |0.00051 | 0.73611 | 0.76556 | 1.50167 | 5.18750
0.50000 | 0.00035 | 0.00035 [0.00070 | 1.03056 | 1.03056 } 2.06112 | 6.50000
£.50589 | 0.00043 | 0.00042 {0.00085] 1.26611 | 1.23867 | 2.50278 | 631250
0.50000 | 0.00052 | 0.00052 {6.00104 | 1.53111 | 1.53111 | 3.06223 | 8.87500
0.50420 § 0.00060 [ 0.00059 |0.00119 1.76667 | 1.73723 | 3.503%0 | 11.87500
0.50000 § 0.00068 { 0.00068 |0.00136 ] 2.00223 | 2.00223 | 4.00445 | 15.75000
049673 ] 0.00076 | 0.00077 |0.00153 | 2.23778 | 2.26723 | 4.50501 | 16.12500
0.50000 | 0.00085 | 0.00085 [0.00170 | 2.50278 | 2.50278 | 5.00557 | 19.06250
0.50267 | 0.00094 | 0.00093 {0.00167 | 2.76778 | 2.73834 | 5.50612 | 2168750
| 6.00668 | 22.75000
17 ]0.75000 [0.00051 | 0.00017 | 6.00068 ] 1.50167 | 0.50056 | 2.00223 | 3.60750

0.75000 [0.00255 | 0.00085 }0.00340 | 7.50835 | 2.50278 | 10.09113 | 12.75000
0.75000 ]0.00306 | 0.00102 [0.00408 | 9.01002 | 3.00334 | 12.01336 | 17.43750 |
0.95015 ]0.00162 0.000085 [0.00171{ 4.7700% | 0.25028 | 5.02029 | 3.31250
0.95015 ]0.00324 | 0.00017 |0.00341 ] 9.54002 | 0.50056 | 10.04057 | 4.06250
0.95098 ]0.00485 { 0.00025 |0.00510 | 14.28058 | 0.73611 | 15.01670 | 9.25000
0.95000 ]0.00646 | 0.00034 |0.00680 | 19.02115 | 1.00111 {20.02226 | 593750
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Fig. 3 Double fiber optical probe
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Fig. 4 Flow pattern map
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Fig. 5 FFT analyze of bubbly flow (3=25%, F2m/s)
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Fig. 6 FFT analyze of slug flow (=50%, F2m/s)
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Fig. 7 FFT analyze of slug flow (3=75%, F2m/s)
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Fig. 8 FFT analyze of annular flow (3=95%, =2m/s)
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Table 2. Predominant Frequency

Bubbly(0.25) Slug(0.5) Slug(0.75) Annular(0,95)
eiochy [Feasenes] Viocky | Freauency | SIECRS |Freauency| SEECEY | requency
| (s ws) ) v
1.06000 | 518750 | 1.06000 | 3668750 | 2.00223 | 368750 | 500029 | 331250
200223 312500 | 150167 | 5.18750 | 4.00445 | 6.31250 | 10.04057 [ 4.06250
306223 | 331250 | 2,06112 | 650000 | 600668 | 850000 | 1501670 | 9.2500
400445 | 168750 | 250278 | 631250 | 800890 | 1056250 |20.02226 | 593750
506445 | 275000 | 3.06223 | 8687500 |10.01113 1275000

350390 | 1167500 | 12,01336 | 17.43750
4.00445 | 1575000
450501 | 16.12500
500557 | 19.06250
5.50612 | 21.68750
6.00668 | 22.75000
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Fig. 9 The predominant frequency versus superficial
velocity for each flow condition
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Table 3 Various parameters of slug flow

Void l
fraction Flow [Strouhal
U_real_} Stp
(by Zubet| U, U, center | Ratio Quality § munber | FrmnsN)
and ! ) )
FAndlay)

NO| Beta

0.50000 [ 0.37123 [0.84199 | 1.42608 |2.28177 [1.69371 [0.00120 |0.1“72 0.02433

0.49020 | 0.37601 1.22688 | 1.95550 |3.74019 |1.59388 10.00115 l0.14094 0.04687

0.50000 | 0.39199 |1.69498 | 2.62608 |5.22199 [1.54933 II).00120 0.13119 | 0.06747

0.50588 1 0.40079 ]2.06385 | 3.15550 |5.8827] ]1.52894 ID.IIO123 0.10617 | 0.07968

0.50000 0.39973 |2.55072 | 3.82608 { 5.9525 |1.50000 10.00120 0.12057 | 0.06826

0.50420 0.40517 [2.92053 [ 4.35550 |6.47766 [1.49134 I0.00122 0.14218 | 0.06335

0,50000]0.40359 [3.35714 | 4.95550 {6.75122|1.47611 [0.00120 |0.16362 | 0.09734

0.49673]0.40236 {3.79361 | 5.55550 |6.89037 |1.46443 [0.00118 J0.14793 | 0.08699

o|loaiw]|lo[fn|lalwin|.a

0.50000 0.40614 [4.21443 | 6.15550 {6.77458 | 1.46057 |0.00120 |0.15842 | 0.10930

Y
=

0.50267 [ 0.40925 [4.63538 |6.75550 |6.82653 [1.45738 {0.00121 [0.16473 | 0.12670

1110.50000 | 0.40786 |5.07199 | 7.35550 [5.33637 |1.45022 [0.00120 [0.15756 | 0.12730

Standard liquid density=998 Kg/m’®, Standard gas density=1.2 Kg/m®,
Surface of Test cylinder=0.00034 m?, Ugj=0.155669

A7 A Uy, Ug, S, x, SN
JWA4 %, Sipratio, A3 AR, AE

AAAASE, AA
22 7ot

4.2 Filg BN Ao 3

€807 o4 A# #AA WE 1979 d
Heywood & Richardson®ell <al Aol =t}
Heywood et al & WA 42mm 3% o]x 9 A%

53 C=0.0434 & A FoH, 1997
Legius et al®& W7 50mm $2A# oA A8
< & C=0.0543 & At 3ot 2 HES §
& Fo5+ EA A, C, & F43to] Table 4 of
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1.02,
¢ ( ) ( 2.02 j2 1.02
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Table 4 Estimation of coefficient
8 T
¢ ZHHZE | 2t BN
Heywood et a (1979) 0.0434 42mm S @2
Legius et al(1997) 0.0543 50mm e
Present Result 0.1066 208mm | A2
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Fig. 11 Comparison of f_slug

5. €

2 AFE 5o oA REoAMY AF EAHE
4 "i‘l&ul, o fE 011*14 FL2 WEEQ
AU 2+ BF FAA BF
-3— 60Hz 016}4 e Fug o
T =7 5718 o
-’FE F7hETE AME 4 £ AN
T3 A BRI £ dste] Fojd
& 7 A9 R 4G5S ¢ & AUD
o3 §e] RMS #e A9 @Eﬂ &5
of tidte] UntE o Zriehe R HTh Optical
probe & Ab&3te] & FHH Y AHA JtA =
¢ 7 UAAAT 7 XA HA NAERE F
6}“ %4 F3 A7 gesdtd. 3 af o
B8 T3] A% FR5 EY Ase
}%‘E u]gel Ael o)Xgk o] ¢ T2 AL
53 9wty AxE 7 F Q= tedE B
01 FArh B AT 4 2F5 g4 1 A7)

°>~
fife
:u
meL'
i —'&

oft [m & M 12 Mt Jw o
°M“. o N
2

r+ox>

_!

"'E-’] tﬂ;}oﬂ —é"aa Tﬁbtﬂ ‘711"?" ':[—Loﬂ
NE o 58 BEAAY G 38 Jael o
@ 4ol 27U %oz ATE Faol ol

A4 BACl U dEHE o259 AL
42T & e Aol

(1) AZZOPARD!, B.J. and BAKER, G, 2003,
Characteristics of periodic structures in gas/liquid two—
phase flow, UK/Japan Two-Phase Flow Meeting, Guildford.

(2) N. ZUBER and J. A. FINDLAY, 1965, Average
Volumetric Concentration in Two-Phase Flow Systems,
Journal of Heat Transfer, PP. 453-459.

(3) Wallis, G.B., 1969, One-dimensional two-phase flow
McGraw-Hill
(4) W.G.Sim , N.W.Mureithi and M.J.Pettigrew, 2004,

Two-phase Flow Modeling in a Pipe Related to Flow-
Induced Vibration, F.S.| Report, Ecole polytechnical of
Montreal.

(5) Heywood, N.|. and Richardson, J.F., 1979, Slug flow
of air-water mixtures in a horizontal pipe:Determination of
liquid holdup By r-ray absorption, Chemical Engineering
Science, 34, PP.17-30.

(6) Legius, H.J.W.M., van den Akker, H.E.A. and
Narumo, T., 1997, Measurement on wave propagation and
bubble and slug velocities in cocurrent upward two-phase
flow, Experimental Thermal and Fluid Science, 15, pp. 267-
278.

- 882 -



