Studi Eksperimental Terbentuknya Aliran Annular Air-Udara pada Pipa Horizontal
Syaiful Tambah Putra Ahmad, Prof. Dr. Ir. Deendarlianto, S.T., M.Eng; Dr. Ir. Khasani, S.T., M.Eng, IPM., ASEAN En

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

DAFTAR PUSTAKA

Aggarwal, H., dan Tiwari, N. (2015). Generalized linear stability of non-inertial
rimming flow in a rotating horizontal cylinder. European Physical Journal E,
38(10). https://doi.org/10.1140/epje/i2015-15111-7

Alekseenko, S. V., Cherdantsev, A. V., Heinz, O. M., Kharlamov, S. M., dan
Markovich, D. M. (2014). Analysis of spatial and temporal evolution of
disturbance waves and ripples in annular gas-liquid flow. International
Journal of Multiphase Flow, 67(S), 122-134.
https://doi.org/10.1016/j.ijmultiphaseflow.2014.07.009

Anderson, R. J., dan Russell, T. W. F. (1970). Film formation in two-phase annular
flow. AIChE Journal, 16(4), 626—633. https://doi.org/10.1002/aic.690160420

Andritsos, N., dan Hanratty, T. J. (1987). Interfacial instabilities for horizontal gas-
liquid flows in pipelines. International Journal of Multiphase Flow, 13(5).

Azzopardi, B. J. (1997). Drops in annular two-phase flow. International Journal of
Multiphase Flow, 23(7), 1-53. https://doi.org/10.1016/S0301-9322(97)90087-
2

Bae, B., Ahn, T., Jeong, J., Kim, K., dan Yun, B. (2017). Characteristics of an
interfacial wave in a horizontal air-water stratified flow. International Journal
of Multiphase Flow, 97, 197-205.
https://doi.org/10.1016/j.ijjmultiphaseflow.2017.08.009

Berna, C., Escriva, A., Mufioz-Cobo, J. L., dan Herranz, L. E. (2015). Review of
droplet entrainment in annular flow: Characterization of the entrained droplets.
Progress in Nuclear Energy, 79, 64—86.
https://doi.org/10.1016/j.pnucene.2014.11.011

Butterworth, D. (1972). AIR-WATER ANNULAR FLOW IN A HORIZONTAL
TUBE. In G. HETSRONI, S. SIDEMAN, & J. P. HARTNETT (Ed.),
Proceedings of the International Symposium on Two-Phase Systems (hal. 235—
251). Pergamon. https://doi.org/https://doi.org/10.1016/B978-0-08-017035-
0.50018-5

Carneiro, J. N. E., dan Ayati, A. A. (2023). Wave spectrum characterization in

107



Studi Eksperimental Terbentuknya Aliran Annular Air-Udara pada Pipa Horizontal
Syaiful Tambah Putra Ahmad, Prof. Dr. Ir. Deendarlianto, S.T., M.Eng; Dr. Ir. Khasani, S.T., M.Eng, IPM., ASEAN En

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

turbulent stratified air-water flows in a large diameter pipe. International
Journal of Multiphase Flow, 167(September 2022).
https://doi.org/10.1016/j.ijjmultiphaseflow.2023.104521

Catrawedarma, 1. G. N. B., Resnaraditya, F. A., Deendarlianto, dan Indarto. (2021).
Statistical characterization of the flow structure of air-water-solid particles
three-phase flow in the airlift pump-bubble generator system. Flow
Measurement and Instrumentation, 82(2).
https://doi.org/10.1016/j.flowmeasinst.2021.102062

Chang, Y., Xu, Q., Wu, Q., Zhao, X., Huang, B., Wang, Y., dan Guo, L. (2022).
Experimental study of the hydraulic jump phenomenon induced by the
downstream riser structure in a pipeline-riser system. Chemical Engineering
Science, 256, 117687. https://doi.org/10.1016/j.ces.2022.117687

Cherdantsev, A., Bobylev, A., Guzanov, V., Kvon, A., dan Kharlamov, S. (2023).
Measuring liquid film thickness based on the brightness level of the
fluorescence: Methodical overview. International Journal of Multiphase
Flow, 168(May), 104570.
https://doi.org/10.1016/j.ijmultiphaseflow.2023.104570

Cherdantsev, A. V., Zdornikov, S. A., Cherdantsev, M. V., Isaenkov, S. V., dan
Markovich, D. M. (2022). Stratified-to-annular gas-liquid flow patterns
transition in a horizontal pipe. Experimental Thermal and Fluid Science, 132.
https://doi.org/10.1016/j.expthermflusci.2021.110552

Cioncolini, A., dan Thome, J. R. (2013). Liquid film circumferential asymmetry
prediction in horizontal annular two-phase flow. International Journal of
Multiphase Flow, 51, 44-54.,
https://doi.org/10.1016/j.ijmultiphaseflow.2012.12.003

Deendarlianto, Hudaya, A. Z., Indarto, dan Ozzilenda Soegiharto, K. D. (2019).
Wetted wall fraction of gas-liquid stratified co-current two-phase flow in a
horizontal pipe with low liquid loading. Journal of Natural Gas Science and
Engineering, 70(August), 102967.
https://doi.org/10.1016/j.jngse.2019.102967

Fan, Y., Al-Safran, E., Pereyra, E., dan Sarica, C. (2020). Modeling pseudo-slugs

108



Studi Eksperimental Terbentuknya Aliran Annular Air-Udara pada Pipa Horizontal
Syaiful Tambah Putra Ahmad, Prof. Dr. Ir. Deendarlianto, S.T., M.Eng; Dr. Ir. Khasani, S.T., M.Eng, IPM., ASEAN En

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

liquid holdup in slightly upward inclined pipes. Journal of Petroleum Science
and Engineering, 194(February), 107564.
https://doi.org/10.1016/j.petrol.2020.107564

Farias, P. S. C., Martins, F. J. W. A., Sampaio, L. E. B., Serfaty, R., dan Azevedo,
L. F. A.(2012). Liquid film characterization in horizontal, annular, two-phase,
gas-liquid flow using time-resolved laser-induced fluorescence. Experiments
in Fluids, 52(3), 633—645. https://doi.org/10.1007/s00348-011-1084-4

Flores, A. G., Crowe, K. E., dan Griffith, P. (1995). Gas-phase secondary flow in
horizontal, stratified and annular two-phase flow. International Journal of
Multiphase ~ Flow,  21(2), 207-221.  https://doi.org/10.1016/0301-
9322(94)00072-R

Fukano, T., dan Inatomi, T. (2003). Analysis of liquid film formation in a horizontal
annular flow by DNS. International Journal of Multiphase Flow, 29(9), 1413—
1430. https://doi.org/10.1016/S0301-9322(03)00127-7

Fukano, T., Nakagawa, H., Mori, Y., dan Watanabe, M. (1997). Liquid film
formation on the inner surface of the horizontal channel. Nuclear Engineering
and Design, 175(1-2), 3—13. https://doi.org/10.1016/s0029-5493(97)00157-x

Fukano, T., dan Ousaka, A. (1989). Prediction of the circumferential distribution of
film thickness in horizontal and near-horizontal gas-liquid annular flows.
International  Journal of  Multiphase  Flow, 15(3), 403-419.
https://doi.org/10.1016/0301-9322(89)90010-4

Hall Taylor, N. S., dan Nedderman, R. M. (1968). The coalescence of disturbance
waves in annular two phase flow. Chemical Engineering Science, 23(6), 551—
564. https://doi.org/10.1016/0009-2509(68)89003-7

Han, H., Zhu, Z., dan Gabriel, K. (2006). A study on the effect of gas flow rate on
the wave characteristics in two-phase gas-liquid annular flow. Nuclear
Engineering and Design, 236(24), 2580-2588.
https://doi.org/10.1016/j.nucengdes.2006.03.015

Hohne, T., Geissler, T., Bieberle, A., dan Hampel, U. (2015). Numerical modeling
of a horizontal annular flow experiment using a droplet entrainment model.

Annals of Nuclear Energy, 77, 351-360.

109



Studi Eksperimental Terbentuknya Aliran Annular Air-Udara pada Pipa Horizontal
Syaiful Tambah Putra Ahmad, Prof. Dr. Ir. Deendarlianto, S.T., M.Eng; Dr. Ir. Khasani, S.T., M.Eng, IPM., ASEAN En

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

https://doi.org/10.1016/j.anucene.2014.11.041

Hudaya, A. Z., Widyatama, A., Dinaryanto, O., Juwana, W. E., Indarto, dan
Deendarlianto. (2019). The liquid wave characteristics during the
transportation of air-water stratified co-current two-phase flow in a horizontal
pipe. Experimental Thermal and Fluid Science, 103(July 2018), 304-317.
https://doi.org/10.1016/j.expthermflusci.2019.01.021

Hurlburt, E. T., dan Newell, T. A. (2000). Prediction of the circumferential film
thickness distribution in horizontal annular gas-liquid flow. Journal of Fluids
Engineering,  Transactions of the ASME, 122(2), 396-402.
https://doi.org/10.1115/1.483269

Jayanti, S., Hewitt, G. F., dan White, S. P. (1990). Time-dependent behaviour of
the liquid film in horizontal annular flow. International Journal of Multiphase
Flow, 16(6), 1097-1116. https://doi.org/10.1016/0301-9322(90)90108-U

Johnson, G. W., Bertelsen, A. F., dan Nossen, J. (2009). An experimental
investigation of roll waves in high pressure two-phase inclined pipe flows.
International  Journal of  Multiphase  Flow, 35(10), 924-932,
https://doi.org/10.1016/j.ijjmultiphaseflow.2009.06.003

Kumar, K., Fershtman, A., Barnea, D., dan Shemer, L. (2021). Evolution of waves
in a horizontal pipe propagating on a surface of a liquid film sheared by gas.
Physics of Fluids, 33(6). https://doi.org/10.1063/5.0049288

Li, W., Zhou, F., Li, R., dan Zhou, L. (1999). Experimental study on the
characteristics of liquid layer and disturbance waves in horizontal annular
flow. Journal of Thermal Science, 8(4), 235-242.
https://doi.org/10.1007/s11630-999-0012-x

Lin, P. Y., dan Hanratty, T. J. (1986). Prediction of the initiation of slugs with linear
stability theory. International Journal of Multiphase Flow, 12(1), 79-98.
https://doi.org/10.1016/0301-9322(86)90005-4

Liu, L., dan Bai, B. (2017). Generalization of droplet entrainment rate correlation
for annular flow considering disturbance wave properties. Chemical
Engineering Science, 164, 279-291. https://doi.org/10.1016/j.ces.2017.02.023

Luninski, Y., Barnea, D., dan Taitel, Y. (1983). Film thickness in horizontal annular

110



Studi Eksperimental Terbentuknya Aliran Annular Air-Udara pada Pipa Horizontal
Syaiful Tambah Putra Ahmad, Prof. Dr. Ir. Deendarlianto, S.T., M.Eng; Dr. Ir. Khasani, S.T., M.Eng, IPM., ASEAN En

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

flow. The Canadian Journal of Chemical Engineering, 61(5), 621-626.
https://doi.org/10.1002/cjce.5450610502

Mandhane, J. M., Gregory, G. A., dan Aziz, K. (1974). A flow pattern map for
gas—Iliquid flow in horizontal pipes. International Journal of Multiphase
Flow, 1, 537-553.

Mantilla, I., Viana, F., Kouba, G., dan Roberts, R. (2012). Experimental
investigation of liquid entrainment in gas in horizontal pipe. 8t4 BHR Group
Multiphase Technology North American Conference (Banff, Canada, 6/20-
22/2012) Proceedings, 211-225.

Meng, J., Liang, F., He, Z., Zhao, J., dan Li, N. (2023). Experimental investigation
for liquid film characteristics of gas-liquid swirling flow in a horizontal pipe.
International Journal of Multiphase Flow, 161(December 2022), 104400.
https://doi.org/10.1016/j.ijmultiphaseflow.2023.104400

Metzmacher, A., Burgmann, S., dan Janoske, U. (2023). uPIV measurements of the
phase-averaged velocity distribution within wavy films. Experiments in
Fluids, 64(4), 1-12. https://doi.org/10.1007/s00348-023-03613-y

Mondal, A., dan Sharma, S. L. (2024). Modeling and simulation of air-water
upward annular flow characteristics in a vertical tube using CFD. Nuclear
Engineering and Technology, 56(7), 2881-2892.
https://doi.org/10.1016/j.net.2024.05.022

Osokogwu, dan Uche. (2021). Experimental Investigation of Annular Flow
Behaviour in Horizontal Pipe. [International Journal of Integrated
Engineering, 13(6), 145—155. https://doi.org/10.30880/1jie.2021.13.06.014

Ousaka, A., Fukano, T., Morimoto, T., dan Sekoguchi, K. (1983). Air-water
Annular Two-phase Flow in a Horizontal Tube : 2nd Report, Circumferential
Variations of Film Thickness Parameters. JSME, 26(2018), 1387-1395.

Paras, S. V., dan Karabelas, A. J. (1991). Properties of the liquid layer in horizontal
annular flow. International Journal of Multiphase Flow, 17(4), 439-454.
https://doi.org/10.1016/0301-9322(91)90041-Z

Rodrigues, H. T., Pereyra, E., dan Sarica, C. (2018). A model for the thin film

friction factor in near-horizontal stratified-annular transition two-phase low

111



Studi Eksperimental Terbentuknya Aliran Annular Air-Udara pada Pipa Horizontal
Syaiful Tambah Putra Ahmad, Prof. Dr. Ir. Deendarlianto, S.T., M.Eng; Dr. Ir. Khasani, S.T., M.Eng, IPM., ASEAN En

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

liquid loading flow. International Journal of Multiphase Flow, 102, 29-37.
https://doi.org/10.1016/j.ijmultiphaseflow.2018.01.017

Russell, T. W. F., dan Lamb, D. E. (1965). Flow mechanism of two-phase annular
flow. The Canadian Journal of Chemical Engineering, 43(5), 237-245.
https://doi.org/10.1002/cjce.5450430504

Sawant, P., Ishii, M., Hazuku, T., Takamasa, T., dan Mori, M. (2008). Properties of
disturbance waves in vertical annular two-phase flow. Nuclear Engineering
and Design, 238(12), 3528-3541.
https://doi.org/10.1016/j.nucengdes.2008.06.013

Schubring, D., dan Shedd, T. A. (2008). Wave behavior in horizontal annular air-
water flow. International Journal of Multiphase Flow, 34(7), 636-646.
https://doi.org/10.1016/j.ijmultiphaseflow.2008.01.004

Sementilli, M., Zangeneh, R., dan Chen, J. (2024). Influence of Cross Perturbations
on Turbulent Kelvin—Helmbholtz Instability. Fluids, 9(3).
https://doi.org/10.3390/fluids9030052

Setekleiv, E., Solutions, A., Anfray, J., Boireau, C., Gyllenhammar, E., dan Kolbu,
J. (2016). An evaluation of subsea gas scrubbing at extreme pressures.
Proceedings of the Annual Offshore Technology Conference, 4(May), 3046—
3069. https://doi.org/10.4043/27154-ms

Setyawan, A., Indarto, dan Deendarlianto. (2014). Experimental investigation on
disturbance wave velocity and frequency in air-water horizontal annular flow.
Modern Applied Science, 8(4), 84-96. https://doi.org/10.5539/mas.v8n4p84

Setyawan, A., Indarto, dan Deendarlianto. (2016). The effect of the fluid properties
on the wave velocity and wave frequency of gas-liquid annular two-phase flow
in a horizontal pipe. Experimental Thermal and Fluid Science, 71, 25-41.
https://doi.org/10.1016/j.expthermflusci.2015.10.008

Setyawan, A., Indarto, dan Deendarlianto. (2017). Experimental investigations of
the circumferential liquid film distribution of air-water annular two-phase flow
in a horizontal pipe. Experimental Thermal and Fluid Science, 85, 95-118.
https://doi.org/10.1016/j.expthermflusci.2017.02.026

Stevanovic, V., dan Studovic, M. (1995). A simple model for vertical annular and

112



Studi Eksperimental Terbentuknya Aliran Annular Air-Udara pada Pipa Horizontal
Syaiful Tambah Putra Ahmad, Prof. Dr. Ir. Deendarlianto, S.T., M.Eng; Dr. Ir. Khasani, S.T., M.Eng, IPM., ASEAN En

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

horizontal stratified two-phase flows with liquid entrainment and phase
transitions: one-dimensional steady state conditions. Nuclear Engineering and
Design, 154(3), 357-379. https://doi.org/10.1016/0029-5493(94)00925-O

Taitel, Y., dan Dukler, A. E. (1976). A model for predicting flow regime transitions
in horizontal and near horizontal gas-liquid flow. AIChE Journal, 22(1), 47—
55. https://doi.org/10.1002/aic.690220105

van 't Westende, J. M. C., Belt, R. J., Portela, L. M., Mudde, R. F., dan Oliemans,
R. V. A. (2007). Effect of secondary flow on droplet distribution and
deposition in horizontal annular pipe flow. [nternational Journal of
Multiphase Flow, 33(1), 67-85.
https://doi.org/10.1016/j.ijmultiphaseflow.2006.07.004

Vécsei, M., Dietzel, M., dan Hardt, S. (2018). Interfacial instability of liquid films
coating the walls of a parallel-plate channel and sheared by a gas flow.
Microfluidics and Nanofluidics, 22(9), 1-21. https://doi.org/10.1007/s10404-
018-2111-z

Vieira, R. E., Kesana, N. R., Torres, C. F., McLaury, B. S., Shirazi, S. A,
Schleicher, E., dan Hampel, U. (2013). Experimental Investigation of
Horizontal Gas-Liquid Stratified and Annular Flow using Wire Mesh Sensor.
Proceedings of the ASME 2013 Fluids Engineering Division Summer Meeting,
1-8.

Vieira, R. E., Kesana, N. R., Torres, C. F., McLaury, B. S., Shirazi, S. A,
Schleicher, E., dan Hampel, U. (2014). Experimental investigation of
horizontal gas—liquid stratified and annular flow using wire-mesh sensor.
Journal of Fluids Engineering, 136(12), 121301.

Vij, A. K., dan Dunn, W. E. (1996). Modeling of two-phase flows in horizontal
tubes. Industrial Engineering, 61801(May), 127.

Wang, M., Bai, Y., Liu, J., Zheng, D., dan Fang, L. (2024). Experimental and
modeling study on liquid film thickness of horizontal gas-liquid annular flow
using ultrasonic method. Flow Measurement and Instrumentation, 96(August
2023), 102538. https://doi.org/10.1016/j.flowmeasinst.2024.102538

Wang, M., Liu, J., Bai, Y., Zheng, D., dan Fang, L. (2024). Flow rate measurement

113



Studi Eksperimental Terbentuknya Aliran Annular Air-Udara pada Pipa Horizontal
Syaiful Tambah Putra Ahmad, Prof. Dr. Ir. Deendarlianto, S.T., M.Eng; Dr. Ir. Khasani, S.T., M.Eng, IPM., ASEAN En

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

of gas-liquid annular flow through a combined multimodal ultrasonic and
differential pressure sensor. Energy, 288(August 2023), 129852.
https://doi.org/10.1016/j.energy.2023.129852

Wang, M., Zheng, D., dan Wang, W. (2021). Measurement of Circumferential
Liquid Film Thickness in Horizontal Gas-Liquid Annular Flow Using
Ultrasound. 2019 [EEE International Instrumentation and Measurement
Technology Conference. https://doi.org/10.1109/12MTC50364.2021.9459849

Wijayanta, S., Deendarlianto, Indarto, Prasetyo, A., dan Hudaya, A. Z. (2023). The
effect of the liquid physical properties on the wave frequency and wave
velocity of co-current gas-liquid stratified two-phase flow in a horizontal pipe.
International Journal of Multiphase Flow, 158(2).
https://doi.org/10.1016/j.ijjmultiphaseflow.2022.104300

Wijayanta, S., Indarto, Deendarlianto, Catrawedarma, 1. G. N. B., dan Hudaya, A.
Z. (2022). Statistical characterization of the interfacial behavior of the sub-
regimes in gas-liquid stratified two-phase flow in a horizontal pipe. Flow
Measurement and Instrumentation, 83(2), 102107.
https://doi.org/10.1016/j.flowmeasinst.2021.102107

Xue, T., Li, H., dan Zhang, T. (2024). Imaging and investigation with PLIF40 for
improved film thickness measurements in annular flow. Experimental
Thermal and  Fluid Science, 150(July 2023), 111032.
https://doi.org/10.1016/j.expthermflusci.2023.111032

Xue, T., Zhang, T., Li, C., dan Li, Z. (2022). Investigation on circumferential
characteristics distribution in wavy-annular flow transition based on PLIF.
Experiments in Fluids, 63(48). https://doi.org/10.1007/s00348-022-03393-x

Yadigaroglu, G., Banerjee, S., dan Hewitt, G. F. (2018). Introduction to Multiphase
Flow. In Introduction to Multiphase Flow. https://doi.org/10.1007/978-3-319-
58718-9 1

Yaws, C. L. (2015). The Yaws Handbook of Physical Properties for Hydrocarbons
and Chemicals. In Elsevier.

Yuan, C., Xu, Y., Zhang, T., Ba, X., dan Wang, H. (2015). Dual-iterative model for

gas condensate measurement based on void fraction. Journal of Natural Gas

114



Studi Eksperimental Terbentuknya Aliran Annular Air-Udara pada Pipa Horizontal
Syaiful Tambah Putra Ahmad, Prof. Dr. Ir. Deendarlianto, S.T., M.Eng; Dr. Ir. Khasani, S.T., M.Eng, IPM., ASEAN En

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Science and Engineering, 24, 330-336.
https://doi.org/10.1016/j.jngse.2015.03.040

Zdornikov, S. A., Isaenkov, S. V., dan Cherdantsev, A. V. (2024). Axial and
azimuthal development of disturbance waves in annular flow in a horizontal
pipe. International Journal of Multiphase Flow, 172(August 2023), 104704.
https://doi.org/10.1016/j.ijmultiphaseflow.2023.104704

Zeghloul, A., Azzi, A., Saidj, F., Messilem, A., dan Azzopardi, B. J. (2017).
Pressure Drop Through Orifices for Single- and Two-Phase Vertically Upward
Flow - Implication for Metering. Journal of Fluids Engineering, Transactions

of the ASME, 139(3), 1-12. https://doi.org/10.1115/1.4034758

115



