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Experimental study on gas-liquid two-phase flow in inclined channel
under nonlinear vibration
SUN Bo, ZHOU Yun-long,
Abstract:

CHANG He
(College of Energy and Power Engineering, Northeast Electric Power University, Jilin 132012, China)

The experiments were carried out to study gas-liquid two-phase flow in an inclined channel under
nonlinear vibration by combining vibration device with two-phase flow experimental apparatus. The flow
transition boundary diagrams obtained from experiments illustrate that flow characteristics under nonlinear

vibration is different from that under steady state. The increase of inclination angles and vibration parameters

changed the flow transition boundaries. The distribution of gas-liquid interface obtained in experiments show
interface. The comparison of predicted and experimental values of void fraction in the inclined channel under
Key words:

that vibration frequency mainly affects the fluctuation degree of gas-liquid interface, vibration amplitude affects

nonlinear vibration indicates that the predicted correlations of void fraction in steady state are also applicable to
horizontal channel,
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the void fraction, and the inclination angle of channel affects gas bubble shapes and fluctuation angle of the
nonlinear vibration condition.

gas-liquid two-phase flow;

nonlinear vibration;

void fraction
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Fig.l Schematic diagram of experimental apparatus
1. air compressor 2. orifice flowmeter 3. phase mixer 4. water tank 5. centrifugal pump 6. electromagnetic flow meter
7. high-speed camera 8. differential pressure transmitter 9.fluorescent lamp 10. hose 11.experimental section

12.electromagnetic vibration device
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Fig.2 Schematic diagram of vibration configuration

1. capacitance transducer 2. digital switching power amplifier 3. electromagnetism oscillator
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Fig.3 Effect of vibration frequency on flow regime transition
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Fig.5 Effect of inclination angle on flow regime transition
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Table 1 Data of flow regime transition

*}E Zj] l}ﬁ le:l jj E iEE I"lﬂ = Elq éj\ jj EEE A/mm 6/(°) f/Hz Bead flow  Slug flow  Stratified flow  Wavy flow

AL, NS T SIEIIR, SR 5 10 2 0 0 0 0
L o A 5 10 5 4% 7% 2% 1%
SRR e FEE £ B2 IRE B BT 5 10 8 9% 15% 4% 3%
, . . 5 10 16 15% 25% 7% 5%
o, R R R R A SR >N ! N o o
Xt 43 E ATV AR IR R 5 10 5 3% 4% 1% 1%
‘ ‘ U, 8 10 5 7% 10% 3% 2%
T, AR RS 5 AR IR 12 10 5 10% 15% 5% 3%
E> = / = < Y 5 5 5 0 0 0 0

Y, 2K E ) ARSI . 0 . 1% 1% 1% 30
(IR, 43 2 i M Ra g IR AE 5 15 5 2% 3% 2% 7%
5 25 5 4% 6% 3% 10%

O=25° TRV T8 N ARMETE o

=R 1 B i B4 SR IR AUE - BHR AT, RENSHOR AT BERR R, SIS PN SR 2 A R A
I B FE 3 B 5 W TR PRI B v B, IR BN AR 2 B I R I 8 B PR R R, AR A R N 3 s i
TER BT BN A FE o BHUb T U BH,  BURLIE TE Py SR P AR R B0 2 R 50 2 B S R AR B 2R G s, 3R
R Z, A I BTS2 IR R B , AR R S IR BN T ) R AR
3.2 JELkMiRzhxI=PREA RN

B 311 1 & 3.1.2 T HSAR A G SURT AR 258 T, RSN S HU o038 2 A 825 1 1 1 PN 48k T 2 it
o Bk, %SRS KA THUF S BRI, R SCik g % 250 A X E P IR
2, SR ENEEIAT T X,
3.2.1 RSB HOT R 23 B R 1 52

DA 6=10° 1) 5255 ZHON B, 1 G A EREH AR N AR 2 R 3ha Tl i N 2 B2 gk 47 M &, B 6(a)~(d)
SR TR BRI BRI SRR R . B ORI, o AR,



%34 K% 48 IR AR MRS T ARAT A AR P AR R ) F R AT T 935

1.0 1.0 - . -1
| =002 ms!, j1=0.6 m-s”" J6=0.04 m-s™, j;=0.6 m-s
a. A=0mm, f=0Hz
0.8 a. A=0mm, f=0Hz 0.8 b. A=2mm, f=5Hz
: b. A=2mm, f=5Hz c c. A=5mm, =10 Hz
T c. A=5mm, f=10Hz b
0.6 0.67 |a
3
s 0.4
0.4 . - W
1 |b mM
021 |a 0.2
WWWWWMMWWM
0.0 T T T 0.0 T T T
0 1 2 3 4 0 1 2 3 4
s t/s

(a) effect of vibration parameters on void fraction (b) effect of vibration parameters on void fraction

fluctuation in bubbly flow fluctuation in slug flow

1.0

c a. A=0mm, f=0Hz 1.0 Jje=10.0m:s™, j;=1.0 m-s™!
b. A=2mm, f=5Hz 7
0.87 c. A=5mmf 10 Hz 0
’ I
‘{ ‘ ' 1\1 H F\
0.6 ‘ l
: ‘\.’ i W il ‘\ nw H . 1} | 4( 1
' A § -
0.4 H ' ’ h u 0.4 ,' ' { ‘ "
\
0.21 0.2
i =1.0 ms~. 71 =0.6 mes! ’ a. A=0mm b. A=2mm c. A=5mm
00 Jo L 0.0 =08z f=5Hz /=10Hz
"0 1 2 3 4 0 1 2 3 4
t/s t/s
(c) effect of vibration parameters on void fraction (d) effect of vibration parameters on void fraction
fluctuation in stratified flow fluctuation in annular flow

B6 REN B 2 R
Fig.6  Effect of vibration on instantaneous void fraction

MR, DRI IFORG R T R Z RN S HEE A K . SZAL, R m i 7
R R e %, FLOG AR H 3001 0 U 1t T e e R ST R B O IR 8] o T2 20, R3S 0T B xt
HP AR A AR, HEZRNT HEREE. ST

—RRABDLR, BRSO AR B E O R, SRR B BT EESE R A OC . SR,
HRYE SCRR[271FT R 458 v 0, 2 BRSNS W AH & o B LhZ DDA OG, T B2 AR e, i 3.1.1
K 302 AR B E R A, AR MEAR B0 I IE N SRR A TS R, A R 2 R AR i
DAL, B 00 i i 2 B S AR
322 “FHEBRERRVE

H 3.1 TTRTA, PRBh S R T i 352 B YRR SR A B, Rk, 134 DA LR
RIPRS) TI R AU B, XA R SEE6 T 0l R I8 IE NP 2 B R AT T 1R Sl &

P PR T T IEIE A AR S, OfF KRET KA HHT T O RS UE, DU b H
ST AR U . R RN E B, AHN PSR B LA TR P AR R B A S Rk BT H A AR R AT DR
Ff b TOUINGE TE P BR . AR AN R Y, ORI R R T -

Xt TR A R
Al
a=0. 158 (j—GJ (Fr o.sj 3)

L N0-2
a=0.302(49j [}P%IJ 4)
JL rL‘

Arf: Froy HART 55PN 1 51N I@IE AL 0 75 H 1380H Froude £, e Uk




936 H R Ok ¥ I OB ¥ R 20204F8 A

Pl
g (pL - pG) D, cos0
A g NEIJMESEL, po M pe 73 BIABAHFISAH ) B, Dy NIEIE B8 EH AR,
St T4 JZ B BOR L,  BIBERGEOHR HE 3 R LB

a=141+ J—L 1+ (IOSReLO' 720 p—Lj ©6)
Ja Po
i Rey AWBAHE L

SHFHOIRGT, AHN S8 ) &y I 5 O SR T = .«
a=(1-26/D,) %
BT H AL A XRG4 S RS LA o b & 7 B, A E 75 Bl 7(b) il eiass
LA SHREN AL AN [R5 3 P 25 B L RUE 7(c)wan 1 IEE N B 1) TR S W EAE AR AN ]
WANZH N ZEFREE, Hh a AT REBEMIFEAE, o NTBRZEIEE.

1.0 — 1.0 1.0

Fr. =

L

6))

oS Py R
0% o I e,
0.8 % 0.8 b 0.8 +30% 037 vyl .
oo ' b2 ST 96%',’,"A 209
o G 10% Py vt go;:z L
0.6+ é % 0.6+ oG 0.6 PR
. © o.‘o ,8"0 v g o “A
3 246 ¥ N &® 6)08 "—V'g',"' n‘ugn ‘
0.4 e 0.4+ ke 0.4+ K A
2 A 0=5° % o 0%k A 9=5° e 2
o A% 0=5 800!,,'1'_' o 0-10° A 'q.“A A=5mm,f=2Hz
024 o oaEde o 0=10° 0.2 G35 s+ v o=15° 02{ JgH& o A=5mmf=8Hz
. v o=l ' Zi o go25° 2296 s v A=8mm,f=8Hz
o 0=25 00 y? 0.0 %4 o A=5mm,f=16Hz
0.0 T T T T . T T T T . T T T T
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
ae ac ac
(a)4=0mm, f=0Hz (b)A=5mm,f=5Hz (c)f=15°

Bl 7 faiAhiE e A e B v A A A LA
Fig.7 Comparison of calculated and experimental results of void fraction in inclined channel

W] 7(a) MI(b) 7 RS T 50 T AN R G A A P 22 50 2 1R B (A R T I B ) R 2 B ARAE 10% DA
Wo SZAHLE, HRZ)IEIE A 2 B 26 P AE AR T 00 8B iR 22 50K, SRR A IR A SR X gk, HL At
AR A R, WA R FOR ZE TR o (EO T AN [RGB IR TE P BRI BRI, O R e A
AIE20% LA . BB 7(c)RT R, AWiMHA 1598, XF LLARBNANA S g xS H = AL s ma vl R, mdR
BRI TE N BRI RAR ZEIL B 30%, [ RANNEEEEE N HORZAE 20% LA . LRI RIS, iR
BT E T T NP AH I B0 R B

HHE 7 mI, R TR AL AR S 00 A 23 B e v SRR A [ A A T AR 2R MR 3 Lol iRk s IE (1)
T, HARRSR/NRERE TR /NT 2 Hz, #RIEDNT 5 mm), RZETFFRIKE 10%LAN .

4 & B

(1) AL VAR Bl B A5 5 M OB A A 0L, (RO R S WS A, LR 3l 4% )
AL T

Q) RS E AT HMIR R . AR E, BRBKEY K, BRI R AR LR 10%K
A, BORTEEE AR TR 20% 547, 40 2R K5 W B

(3) FRENIEFE Y BRI B A, A A B T HR BT Y R I U B AR
A A3 ) 2 0 S TR B T 3 £ %

(4) BRULRFAFRARFSL, 5 FaE T00F 2SR M s iR A EAT L, SR R R IR SRS
HAHIY IR K.



%34 K% 48 IR AE R MRS T ARAT A AR P AR R ) F R AT 937

HeF PSR RS 00T AR AR AR RIS A T AR 2 MR B0 TO0 N BURBETE R T, HAE

FINTF 2 Hz, PRIE/DNT 5 mm FERSR/NRIE TR, RER RS 10% LA

SEH:

(1]

[2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

HUMPHRIES J R, DAVIES D. A floating desalination / co-generation system using the KLT-40 reactor and Canadian RO
desalination technology [R]. Vienna: International Atomic Energy Agency, 1998.

PANOV Y K, POLUNICHEV V I, ZVEREV K V. Nuclear floating power desalination complexes [R]. Vienna: International Atomic
Energy Agency, 1998.

X 8, PSR, EEE. WE R NIERR A TS mEE J]. ETRRHAEOR, 2014, 48(7): 1176-1181.

LIU G Q, SUN L C, YAN C Q. Interfacial parameter distribution of bubbly flow in vertical circular tube [J]. Atomic Energy Science
and Technology, 2014, 48(7): 1176-1181.

ISHIDA T, YORITSUNE T. Effects of ship motions on natural circulation of deep sea research reactor DRX [J]. Nuclear
Engineering and Design, 2002, 215(1/2): 51-67.

W, B RIS T ACEE NSRRI T ()] 3 L, 2007, 28(2): 19-23.

LUAN F, YAN C Q. Study on the flow pattern of gas water two phase flow in a horizontal pipe in a swing state [J]. Nuclear Power
Engineering, 2007, 28(2): 19-23.

TAN S C, WANG Z W, Chang W, et al. Flow fluctuations and flow friction characteristics of vertical narrow rectangular channel
under rolling motion conditions [J]. Experimental Thermal and Fluid Science, 2013, 50: 69-78.

CHEN S W, LIU Y, HINIKI T. Experimental study of air-water two-phase flow in an 8x8 rod bundle under pool condition for
one-dimensional drift-flux analysis [J]. International Journal of Heat and Fluid Flow, 2012, 33(1): 168-181.

Mo, RS, RAR LT A A TE A I EE R R BRI [J]. T AEHR, 2015, 66(2): 3874-3880.

CHEN C, GAO P Z. Frictional pressure drop characteristics of two phase boiling in narrow rectangular channel under swing
condition  [J]. CIESC Journal, 2015, 66(2): 3874-3880.

TALLEY J D, WOROSZ T, KIM S. Characterization of horizontal air-water two-phase flow in a round pipe part Il : Measurement of
local two-phase parameters in bubbly flow [J]. International Journal of Multiphase Flow, 2015, 76: 223-236.

CATALINA P, PAILO W. Effect of forced flow oscillations on churn and annular flow in a long vertical tube [J]. Experimental
Thermal and Fluid Science, 2017, 81: 345-357.

PN, LB, WM. ARE S T ACTE BARKRR N IR IR S (0], T RER A EOR, 2011, 45(2): 168-173.

JIA H, TAN S C, GAO P Z. Experimental study on horizontal single phase water flow resistance characteristics under unsteady flow
condition [J]. Atomic Energy Science and Technology, 2011, 45(2): 468-173.

FHEE, eIk, SRPHE. KRR BURHE A SR AT SE IR AT [J]. 2RI, 2016, 45(3): 504-506.

ZHOU S Z, ZHU L, ZHANG Y B. Experimental study of two-phase flow in inclined pipe under high gas-liquid flow [J].
Contemporary Chemical Industry, 2016, 45(3): 504-506.

TKELL, BB, LT BEBXKCTE NN E KR (1] BREE S TR, 2007, 27(3): 206-212.

ZHANG J H, YAN C Q, FANG H Y. Effects of rolling on gas-water two-phase flow in horizontal pipes [J]. Chinese journal of
Nuclear Science and Engineering, 2007, 27(3): 206-212.

R, EEB, L. BIERE TR EE N RAK I RHESCIRRT I 1], 2301 LH, 2007, 28(3): 51-55.

CAO X X, YAN C Q, SUN L C. Pressure drop characteristics of single-phase flow in vertical rolling pipes [J]. Nuclear Power
Engineering, 2007, 28(3): 51-55.

Bz g, Fihg, Tams £ REMAERREE RN HREZE S 20 PRI [J]. LT 224, 2016, 67(9): 3625-3632.
ZHOU Y L, YIN H M, DING H X. Application of multi-scale entropy in analyzing pressure difference signals of gas-liquid
two-phase flow in rod bundled channel [J]. CIESC Journal, 2016, 67(9): 3625-3632.

Tk, &SR, T, SREMARRIE 2N Hilbert-Huang 84 [J]. b T 224K, 2005, 56(12): 2294-2302.

DING H, HUANG Z Y, LI H Q. Property of differential pressure fluctuation signal of gas-liquid two-phase flow based on
Hilbert-Huang transform [J]. CIESC Journal, 2005, 56(12): 2294-2302.

CHISHOLM D. A theoretical basis for the Lockhart-Martinelli correlation for two-phase flow [J]. International Journal of Heat
and Mass Transfer, 1967, 10: 1767-1778.

PENDAYALA R, JAYATIN S, BALKRISHINAN A R. Convective heat transfer in single-phase flow in a vertical tube to axial low
frequency oscillations [J]. Heat Mass Transfer, 2008, 44: 857-864.

PENDAYALA R, JAYATIN S, BALKRISHINAN A R. Flow and pressure drop fluctuations in vertical tube subject to low frequency
oscillations [J]. Nuclear Engineering and Design, 2008, 238(1): 178-187.

JING G, YAN C, SUN L. Void fraction of dispersed bubbly flow in a narrow rectangular channel under rolling conditions [J].
Progress in Nuclear Energy, 2014, 7(1): 256-265.



938 S - - S - - 20204F 8 A

[21] BARNEA D, SHOHAM O, TATEL Y. Gas-liquid flow in inclined tubes with the flow pattern transitions for upward flow [J].
Chemical Engineering Science, 1985, 45(1): 131-136.

[22] CHEN S W, HIBIKI T, ISHIMI M. Experimental study of adiabatic two-phase flow parameter in an annular channel under
low-frequency vibration [J]. Journal of Engineering for Gas Turbines and Powers, 2014, 136: 032501.

[23] Rz, 88, %7, RIPRETKTFE NSRBI R BB S 1], AaEsh 7 TR, 2017, 32(6): 17-22.
ZHOU Y L, ZHAO P, YANG N. Experimental study on flow pattern transition of gas liquid two-phase in horizontal tubes under
vibration condition [J]. Journal of Engineering for Thermal Energy and Power, 2017, 32(6): 17-22.

[24] Mz, ZH. RRIRIRE T HRE AR S RIERE T [1]. AL T2E4R, 2018, 69(5): 1884-1891.
ZHOU Y L, LI S S. Multi-scale entropy analysis of two-phase flow in inclined pipe under vibration condition [J]. CIESC Journal,
2018, 69(5): 1884-1891.

[25] GANG H, XIAO Y. Experimental research of bubble characteristics in narrow rectangular channel under heaving motion [J].
International Journal of Thermal Sciences, 2012, 51: 42-50.

[26] Xgkte, TG, W, AN BRSNS S A AR RIS (1. #Asesh /1 LR, 2017, 32: 14-20.
LIU J H, WANG H G, HAN T Y. Numerical study of the influences of wall vibration on the flow and heat exchange in tube [J].
Journal of Engineering for Thermal Energy and Power, 2017, 32: 14-20.

[27] OKAWA T, GOTO T, YAMAGOE Y. Liquid film behavior in annular two-phase flow oscillation conditions [J]. International
Journal of Heat and Mass Transfer, 2010, 53: 962-971.

[28] AHN T H, YUN B J, JEONG J J. Void Fraction prediction for separated flows in the nearly horizontal tubes [J]. Nuclear
Engineering Technology, 2015, 47: 669-677.

[29] HART J, HAMERSMA P J, FORTUIN J M H. Correlations predicting frictional pressure drop and liquid holdup during horizontal
gas-liquid pipe flow with a small liquid holdup [J]. International Journal of Multiphase Flow, 1989, 15: 947-964.

[30] BIBERG D. An explicit approximation for the wetted angle in two-phase stratified pipe flow [J]. Canada Journal of Chemical
Engineering, 1999, 77: 1221-1224.



