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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
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increase of inlet temperature ratio a. The increase of preheat temperature ratio 3 to a value greater than a critical one can
decrease the value Ns. The number of heat transfer units NTU should be greater than 1. On account of cost-effectiveness,
this value should not be excessively lage. The non-equilibrium flow representing water equivalent ratio W being less than
1 is a major cause leading to aloss of effective energy, therefore efforts shall be made to enable W tend to be 1. The value
€ should be greater than 0.5 and tend to be 1, thus reducing the irreversibility and enhancing the heat exchange rate.
Through an analysis of the entropy production, the cause of energy consumption in a heat exchanger can be revealed and
an optimized matching of thermodynamic parameters identified, thereby attaining the energy-saving objective. Key words:
heat exchanger, thermodynamic parameters, entropy production analysis, themmodynamic performance evaluation

= Structural Strength Analysis of an Elliptic Head with a Large Opening] .

1 /XU Yan, LIANG Hai-dong, ZHANG Zhong-lian (Harbin No. 703 Research Institute, Harbin, China, Post Code:

150036), ZHENG Hong-tao (College of Power and Energy Source under the Harbin Engineering University, Harbin, Chi-
na, Post Code: 150001) // Journal of Engineering for Thermal Energy & Power.—2007, 22(4). —404 ~408

In the light of the structural features and operating conditions of elliptic heads, by employing a finite-element analysis
method, a calculation and analysis has been pefomed of the stess distribution on an elliptic head structure with a lage
opening. Measurements of static stress and experimental verification analyses have also been undertaken on a reduced-
scale simulation test piece. The calculation and test results show that the dangerous part of the structure is located at the
inner top side of the connected portion between the thinrwalled laige nozzle and the head, which can be taken as the de-
sign main control point.The stresses in the external-side high stress zone calculated by using the finite element method
correspond with the actually measured stress results with an error of only 0.7 % being recorded. A slightly bigger error ex-
ists between the calculated and actually measured values in the welding seams and the inner surface but it does not exceed
11.3%. This shows that the use of the three-dimensional finite-element analytic method to resolve the structural design of
heads with a large opening is feasible and reliable. The analysis of causes leading to a relatively great error can serve as a
helpful reference for the design, manufacture and tests of real products. Key words: finite element, large opening, head,
stress distribution, stress evaluation

P = Thermodynamic Exergy and Dynamic Characteristics of its Gen-
eralized Expressions| ., ]/HAN Guangze, LI Shaoxin (College of Physical Science and Technology under the South
China University of Science and Technology, Guangzhou, Chinas Post Code: 510640, GUO Ping-sheng (College of
Physics and Electronics Engineering under the Guangxi Normal University, Guilin, China, Post Code: 541004), HUA Ben
(Education Ministry Key Laboratoty on Heat Transfer Intensification and Process Fnergy-saving of the South China Uni-
versity of Science and Technology, Guangzhou, China, Post Code: 510640) // Journal of Engineering for Thermal Energy &
Power. —2007, 22(4). —409 ~413

Analyzed were the physical meaning of work, heat, energy and exegy as well as their relations with thermodynamic laws.
Doing work and transferring heat are the two ways for transferring and converting energy and exergy. The energy defined
from the first law of thermodynamics has only a relative meaning. Exewgy represents the ability of a system to do maximal
useful work with respect to an environment. Relative to a specified environment, exergy is the status parameter of a sys-
tem. The conventional calculation fomula of exergy is derived fiom the firgt and second law of themodynamics. Fiom the
viewpoint of dynamics discussed was the physical meaning of exergy and its generalized expression. The exergy originates
from the non-equilibrium of a system with its environment. If any (or several kinds of ) intensive property difference exists
between a system and its environment, then under the driving force of such an intensive property difference, the system
may automatically change to a state featuring a balance with its envionment (dead state) . During this process, the system
can do work to the outside world and such an ability to do maximal useful work is defined as the exergy of the system.On
the basis of energy postulation, the differential of exergy is generally expressed as a product of the intensive property dif-
ference and the differential of its conjugated extensive variables. The generalized expressions of exergy can fully reflect the
physical meaning and dynamic characteristics of exergy. By employing the generalized expressions of energy and exergy,
derived was the generalized expression of exergy losses. Key words: energy postulation, thermodynamic law, thermody-

namic effective energy, intensive property, generalized expression of exeigy



