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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-
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tion Monte Carlo’ s method

= Development and Applied Research of Local Combustion-sup-
porting Technology Involving a Membrane- method-based Oxygen Enrichment for Pulverized Coal-fired Boilers
[ s ]/ZHANG Jia-yuan, ZHOU Jie-min (College of Energy Science and Engineering under the Central South Univer-
sity, Changsha, China, Post Code: 410083), YANG Shao-wei (Changsha Nonferrous Metallurgical Design Institute, Chang-
sha, China, Post Code: 410011), CHEN Qiao-ping (Themal Power Plant of Henan Subsidiary under China Aluminum In-
dustry Company, Zhengzhou, China, Post Code: 450041) // Journal of Engineering for Thermal Energy & Power. —2007,
22(4).—391 ~39%4

In the light of various pwoblems existing in a 150 t/ h pulverized coal-fired boiler, such as high-temperature corrosion, slag-
ging, low thermal efficiency and inferior combustion stability at low loads when 1o oil is used for combustion support etc. ,
the authors have by adopting membrane method-based oxygen enrichment techniques developed local combustion-support-
ing technology featuring oxygen enrichment and designed a combustion-supporting system based on the above technology.
Industrial experiments applying the technology under discussion were conducted for a pulverized coalfired boiler. Practice
has shown that with a reduction in combustible content in large slags and in fly ash, the thermal efficiency of the boiler
has been increased by over 2.5 %, the NO y emission concentration lowered (627 ~768 mg/m” at a load of 120 ~150 t/
h) and the combustion stability at low operating loads (50%§ of rated load) enhanced with no oil being povided for com-
bustion support.As a result, various problems, such as slagging in fumace and high-temperature corwsion, have been ef-
fectively solved, blazing a new path for the safe, economical and environment-riendly operation of pulverized coal-fired
boilers. Key words: pulverized coal-fired boiler, membrane method-based oxygen enrichment, local combustion support,
energy saving, environmental protection

= Numerical Simulation of a Three-dimensional Ve-

locity Field Coupled With a Temperature Field for the Heat Exchange Process in a Spirally Grooved Tube[
]/PENG Jie, YU En-lin (College of Mechanical Engineering under Yanshan University, Qinhuangdao, China, Post
Code: 066004 ), IANG Wei (College of Mechanical Engineering under Heilongjiang Institute of Science and Technology,
Harbin, China, Post Code: 130027) //Journal of Engineering for Thermal Energy &Power. —2007, 22(4). —395 ~398

On the basis of structural features and heat transfer characteristics of a spiral-grooved tube heat exchanger, a three-dimen-
sional geometric model was established for the flow and heat transfer in a heat exchanger with water serving as its woiking
medium. By employing a finite-element analysis software ANSYS, simulated were the conditions of the velocity and tem-
perature fields in the heat exchanger during its heat exchange pwcess and obtained were the convective heat exchange co-
efficients for inner and outer walls of the spiral-grooved tubes respectively. The smulation results show that the deeper the
groove, with an increase in Reynolds number, the better the heat-exchange performance. When the Reynolds number is rel-
atively small, the greater the fin pitch, the poorer the heat exchange effectiveness. It has been found that the heat exchange
coefficient of the spiral-grooved tubes is approximately 2.5 times that of the bare tubes when compared with the bare tube
heat exchangers of the same kind, thus intensifying the heat transfer and providing a basis for the further theoretical re-
search and widespread application of such products. Key words: spiral-grooved tube, intensification of heat exchange, nu-
merical simulation, ANSYS, convective heat exchange coeficient

= Entropy Production Analysis of Heat Exchanger Characteristic Param-
eters and Thermodynamic Performance] , ]/YU Min, MA Jun-jie, YANG Mo, et al (Shanghai University of Sci-
ence and Technology, Shanghai, China, Post Code: 200093) // Journal of Fngineering for Thermal Fnergy & Power. —
2007, 22(4). —399 ~403

On the basis of the second law of thermodynamics, introduced was a non-dimensional entropy production number Ns to ex-
press the thermodynamic perfection degree of a heat exchanger. Through an analysis and evaluation of entropy production
studied was the impact of heat exchanger characteristic parameters, such as inlet temperature ratio @, preheat temperature
ratio 3, water equivalent ratio W, effective energy €, heat transfer units NTU and flow pattern, on heat exchange perfor-

mance, and,mutual, wlations. The. results of the study indicate that the entopy production number Ns will increase with the



