Accepted Manuscript

_ _ _ Experimental
Experimental Research on Pressure Drop Fluctuation of Two-phase Flow in Thermal and

Single Horizontal Mini-channels

Fluid Science

Beichen Zhang, Yuan Wang, Jianqiang Zhang, Qinglian Li

PIL: S0894-1777(17)30157-7

DOI: http://dx.doi.org/10.1016/j.expthermflusci.2017.05.017
Reference: ETF9110

To appear in: Experimental Thermal and Fluid Science

Received Date: 19 October 2015

Revised Date: 18 May 2017

Accepted Date: 20 May 2017

Please cite this article as: B. Zhang, Y. Wang, J. Zhang, Q. Li, Experimental Research on Pressure Drop Fluctuation
of Two-phase Flow in Single Horizontal Mini-channels, Experimental Thermal and Fluid Science (2017), doi:
http://dx.doi.org/10.1016/j.expthermflusci.2017.05.017

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.expthermflusci.2017.05.017
http://dx.doi.org/http://dx.doi.org/10.1016/j.expthermflusci.2017.05.017

Experimental Research on Pressure Drop Fluctuation of Two-phase Flow
in Single Horizontal Mini-channels
Beichen Zhang *°, Yuan Wang ", Jiangiang Zhang *°, Qinglian Li **

#Science and Technology on Scramjet Laboratory, National University of Defense Technology, Changsha, Hunan 410073, People’s Republic of
China

> College of Aerospace Science and Engineering, National University of Defense Technology, Changsha, Hunan 410073, People’s Republic of
China

*Corresponding author. Tel.: +86 13975809614. E-mail address: peakdreamer@163.com

Abstract

The pressure drop fluctuation of two-phase flow in single horizontal mini-channels with diameters of 1.2 mm, 1.6 mm and
2.0 mm was experimentally investigated. Degassed water was tested in circular horizontal mini-channels with diameters of
1.2 mm, 1.6 mm and 2.0 mm at liquid mass fluxes of 21.2, 42.4 and 84.8 kg m~ s as well as heat fluxes of 0~216 kW m™,
The pressure drop and the mini-channel wall temperature profiles as well‘as the visualisation results were recorded. Three
basic types of the two-phase flow pressure drop fluctuation were identified based on the characteristic frequency, i.e. the
low-frequency fluctuation (f<2.0 Hz), the medium-frequency fluctuation (2.0 Hz<f<10.0 Hz) and the high-frequency
fluctuation (f>10.0 Hz). Besides, it was found that there existed three types of superimposed-frequency fluctuation. Pressure
drop fluctuation maps were presented for three _diameter channels, showing the single-phase region, the
superimposed-frequency region and the low-frequency fluctuation region. The pressure drop fluctuation region depends on
the ratio of the heat flux and the mass flux and the channel diameter. The periodic vapour catapult phenomenon was found
during the low-frequency fluctuation, which was inferred to be caused by the bubbly/annular alternating flow pattern
transition. It was found that the pressure drop and the wall temperature had the approximate fluctuation period with the
periodic vapour catapult process. The medium-frequency fluctuation and the high-frequency fluctuation are related to the
passage of the elongated bubbles with different periods. In superimposed medium and high frequency fluctuation, the
amplitude of the pressure drop fluctuation is relatively low and no synchronous fluctuation was observed between wall
temperature and pressure drop profiles.
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Nomenclature

A surface area (mm®) Ts liquid temperature (°C)

Cp Specific heat capacity (J kg™ K™) Tw wall temperature (°C)

d diameter (mm) u velocity (ms™)

f friction factor (-) U electric voltage (V)
mass flux (kg m*s™) \Y, vapour phase

h heat transfer coefficient (W m™“K™)

hig latent heat of evaporation (J kg™)

H high-frequency fluctuation Subscripts
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