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=A Three-dimensional Numerical Simulation of Wet Steam
Condensation Flows Based on a Dual Fluid Model[ , ]/WU Xiaoming, LI Liang, LI Guo-jun, et al (College of
Eney Source and Power Engineering under Xi’ an Jiaotong University, Xi’ an, China, Post Code: 710049)// Journal of
Engineering for Thermal Energy & Power. —2007, 22(4).—367 ~370

A dual fluid model for wet-steam condensation flows was established with due consideration of such effects as inter-phase
speed slips coupling and diffusion of turbulent flows in wet-stean steam-liquid two-phase flows. In the light of the tuibu-
lent characteristics of flows in steam turbine cascades, derived and established was the SST k& — w— k} turtbulent flow
model of wet stean two-phase flow by consulting the conveyance equation theory of particle turbulent energy and on the
basis of the tibulent flow model involving two equations SST k— w, which have a relatively good numerical simulation
accuracy in single-phase turbulent flow calculations. In the above model, introduced were several quasi-fluid conceptions,
such as liquid-phase viscosity, heat conductivity and diffusion coefficient etc. On this basis, a three-dimensional numerical
simulation was conducted of a wet steam flow of spontaneous condensation existing in a rectilinear cascade. It can be
shown that compared with a central section, a large quantity of condensation nuclei first emerged from steam flows in the
vicinity of the end walls and regained their balance state relatively early. There exists a certain difference among the mach
numbers at the outlet of the steam-liquid two-phase flow cascade along the blade height due to the existence of a structure
of vortex system. The model established by the authors can enhance the three-dimensional numerical simulation accuracy
of wet steam wndensation flows and better reveal the interphase function of condensation flows in a cascade . Key words;

turbine cascade, wet steam, condensation flow, dual fluid model, two-phase turbulent flow model, numerical simulation

= A Three-dimensional Numerical Simulation of Water Flows at the Water
Side of a Condensef , ]/JIANG Jian-fei (Architectural and Thermal Energy Engineering Depariment of Pingding-
shan Institute of Technology, Pingdingshan, China, Post Code: 467044 ), HUANG Shu-hong, WANG Kun, et al (College of

Enewgy Source and Power Engineering under the Central China University of Science and Technology, Wuhan, China, Post
Code: 430074 )// Journal of Engineering for Thermal Energy &Power. —2007, 22 (4). —371 ~374

A model for the calculation of flows in wbe bundles of a condenser has been established and by employing a CFD (com-
putational fluid dynamics) method, a three-dimensional numerical simulation conducted of the flow field at the water side
of the condenser. By using a sub-regional symmetric calculation method, the number of mesh can be greatly reduced, mak-
ing it possible to conduct a detailed prediction of the flow characteristics in the inlet and outlet water chambers and their
connecting pipes at the condenser water side as well as in the cooling water tube bundles. The calculation results clearly
indicate that there exist numerous vortexes in the inlet and outlet water chambers of the condenser; resulting in an increase
of flow resistance and a deterioration of the flow conditions. The velocity distribution inside the water chambers is not uni-
form.As a result, the flow velocity in the tubesheet central area of the inlet water chamber is relatively high and that in the
marginal area is relatively low, indicating the presence of a certain structural problem. The structure of the outlet water
chanber, however, is relatively rational. This fully corresponds with the conclusion of the simulation conducted by using a
porous medium model, giving further proof that it is correct and feasible to use the pous-medium model to calculate the
condenser. The calculation results show simultaneously that the distribution of flow rates and velocity in the cooling water
tube bundles is not uniform, i.e. the moling water twbes in the central area have a relatively big flow rate while those in
the peripheral area a welatively small flow rate. The biggest difference in flow rates can amount to 38 %;. The magin of de-
crease in the flow rate of neighboring tubes has something to do with the layout of the cooling water tubes. The difference
in cooling water flow rate and velocity in the cooling water tubes will influence the heat exchange performance of a heat
exchanger. The calculation results can provide a foundation for the analysis of heat exchange efficiency problems caused by
a non-uniform flow in tube banks and also a basis for the design and structural optimization of condensers. Key words;

marine condensers water side, flow characteristics, numerical simulation

= A Direct Numerical Simulation of Neighboring Air-bubble Ris-
ing Process in a Vertical Channel] , ]/II Yan-peng, ZHANG Qian-long (College of Environmental Science and
Engineering under Chang’ an University, Xi’ an, China, Post Code: 710064), BAI Bo-feng (National Key Laboratory on
Multi-phase Flow, Power Fngineering Department of the Xi’ an Jiaotong University, Xi’ an, China, Post Code; 710049) //
Jourmal of Engineering for Thermal Energy, & Power. —2007, 22(4), — 375~ 379
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By adopting Level Set method and a N avier-Stokes equation coupled with a surface tension model and in combination with
ALE (Arbitary Lagrangian Fulerian) numerical algorithm, a direct numerical simulation was conducted of the rising pro-
cess of two neighboring air bubbles inside a vertical channel. The emphasis was put on the study of the effect of 8 mm di-
ameter air bubbles arranged at different spatial positions on the rear wake flows and their interactions.The numerical sim-
ulation can accurately reproduce the defomation, attraction and repellent action of the air bubble pairs. The calculation re-
sults of air bubble rising speed are in good agreement with those obtained by using an empirical fomula. The simulation
results show that the wake flows after the two air bubbles and their interaction determine the behavior of the rising air
bubble pair. An air bubble pair rising side by side does not walesce due to their wake zones being separated by a jet
flow.When the air bubbles following the vertically rising air bubble pair have over 50%5 of their pojection area entering
the wake zones of their ahead air bubbles, however, a coalescence phenomenon will occur. Key words: air bubble pair,
wake flow, Level Set method, direct numerical simulation

= A Study of the Transient Non-contact Measurement of Verti-
cal Free-falling Liquid-film Thickness] , ]/YAN Wei-ping, YE Xue-min (Education Ministty Key Laboratory on
Condition Monitoring and Control of Power Plant Equipment under North China Electric Power University, Baoding, Chi-
na, Post Code: 071003), LI Hong-tao (Power Engineering Department of Shenyang Engineering College, Shenyang, Chi-
na, Post Code: 110136), GU Gen-dai (Department of M athematics, North China Electric Power University, Baoding, Chi-
na, Post Code: 071003)// Journal of Engineering for Themal Energy &Power. — 2007, 22(4). —380 ~384

On a vertical free-falling liquid-film test rig, by employing the image rapid-acquisition function of a CCD (Charge Coupled
Device), the transient flow-pattern images of a free-falling liquid-film flow at different Reynolds numbers were obtained
and then digitally processed on a computer by using an image processing method. Studied were the evolution characteris-
tics of the transient liquid-film thickness along the flow direction in a certain zone and the time-dependent evolution char-
acteristics of the above thickness at a certain location. Also given was an experimental formula showing the correlation of
the average liquid film thickness with Reynolds numbers under the condition of different Reynolds numbers. The test re-
sults show that the measurement accuracy is comparatively high when the Reynolds number is less than 4000 and the mea-
surement error is relatively big when the Reynolds number is over 4000 due to the influence of sampling facilities. The au-
thors have undertaken a non-contact measurement of flow characteristics of liquid films, initiating a useful attempt for ap-
plying digital image processing technology to the study of thin-film flow characteristics. Key words: non-contact measure-

ment, liquid film, thickness, evolution characteristics, correlation formula

= A Gas-liquid-solid Three-phase Numerical Simulation of
the Syngas Passing Through a Cistern in a Quench Chamber] , ]/WU Xuan, XIE Hanryan, LI Tie, et al (Edu-
cation Ministry Key Laboratory on Clean Coal Power Generation and Combustion Technology, College of Energy Source and
Environment under the Southeast University, Nanjing, China, Post Code: 210096) //Journal of Engineering for Thermal
Enewy &Power. —2007,22(4).—385~390

A syngas passing through a cistern in the quench chamber of a coal sluny gasifier pertains to a sophisticated gas-liquid-
solid three-phase flow process, which functions to further cool the syngas and capture and collect the slag contained there-
in. By combining the Fuler method with Lagrange one, the authors have calculated particle wllisions by using a direct
simulation Monte Carlo’ s (DSMC) method and employing VOF model to track the gas-liquid interface. A numerical simu-
lation was conducted of the gas-liquid-solid three-phase flow process of slag-laden syngas passing through a cistern. An
exploratory study has been performed of the influence of the following factors on the gas-liquid flow field and separation of
solid particles: particle diameter, gas flow velocity and submerged depth of the downcomer at the outlet. The research re-
sults show that the syngas undemoes an abrupt change in flow direction after it leaves the downcomer and the formation of
gas and liquid exhibits a periodic wave-shaped flow pattern. The dust-laden gas, when it passes through the cistern, fea-
tures a relatively high particle-capture efficiency.An increase in particle diameters can also enhance the particle capture
efficiency. With an increase of gas flow velocity and submerged depth of the downcomer at the outlet, the perturbation of
the liquid intensifies, producing more liquid drops and contributing to an enhancement of particle-capture efficiency. The
influence of gas flow velocity and submerged depth of the downcomer on the particle-capture efficiency, however, will be
gradually weakened. Key werds: gasifier, . quench chamber, gas-liquid-solid three-phase, capture efficiency, direct simula-



