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= An Analysis of Flame Signals in a Boiler Furnace Based on a
Phase Space Reconstruction] , ]/MA Shao-hua, HUA Ying (College of Electrical Engineering under the Shenyang
Polytechnical University, Shenyang, China, Post Code: 110023), LI Xiao-bai (China National Fire-fighting Electronic
Product Quality Supewision and Inspection Center, Shenyang, China, Post Code: 110031) //Journal of Engineering for
Thermal Energy & Power. —2007, 22 (4). —440 ~442, 456

By employing chaotic and fractal theory, a qualitative analysis and quantitative calcualtion have been conducted of the
flame signals measured from a boiler furnace. Through a restmcturing of phase spaces, obtained were the time- sequence
phase-plane map and correlation dimensions of burning flames under both stable and unstable combustion conditions. The
analysis and calculation results indicate that under a stable combustion state, the two-dimensional phase-plane map of the
flame signals is elatively wide and their correlation dimensions range fiom 5. 5855 to 6. 8415.Under an unstable combus-
tion condition, the two-dimersional phase-plane map of the flane signals is relatively narrow and their correlation dimen-
sions range fom 5. 8843 to 6. 0907. Under both working conditions there exists a conspicuous difference between the
flame time- sequence phase-plane map and crrelation dimensions. However, the correlation dimensions during stable com-
bustion are alwvays considerably greater than those during unstable combustion. Hence the crrelation dimensions can be
used as a characteristic parameter to identify the state of flame combustion. The combustion diagnosis method poposed by
the authors can provide an effective approach for developing innovative optical-type flame detectors. Key words: furnace
flame, combustion diagnosis, status discrimination, restructuring of phase spaces, number of correlation dimensions, chaos,

fractal science

CO =Technical Madification of a CO Heat Recovery Boiler with the
Addition of a Bypass Flue Duct and an Economizer] , ]/YAN bin (China Petroleum Corporation Harbin Petro-
chemical Subcompany, Harbin, China, Post Code: 150056)//Journal of Engineering for Thermal Energy & Power. —
2007, 22(4). —443 ~445, 449

Enumerated were the problems existing in a 1.2 Mt/ a RFCCU incineration-type CO heat recovery boiler of Haibin Petro-
chemical Sub-company affiliated to China Petroleum Corporation. Following a themal and flue duct resistance calculation,
a variety of improvement measures, such as additional provision of a bypass flue duct and an economizer as well as the use
of a XD-2000 type gas impulse soot blower, were implemented . They have enhanced the steam output, flue-gas enewgy re-
covery capacity and themal efficiency of the CO heat recovery hoiler; thus meeting the demand of a plant exhausting at
high loads all the flue gas into the heat recovery boiler. If the current 15%; of regenerative flue gas is exhausted through a
bypasss i.e. the flue gas discharge quantity being assessed at 20 000 m*/h @20 Cand CO content 6% ), the thermal en-
emy recovered shall be 21.06X 10° kJ/h. The energy consumption of a cracking plant can be decreased by 29.3 10"
kJ/t, equivalent to newly accrued economic benefits of about RMB 8 million yuan per year. This represents a significant
energy-saving effectiveness. Key words: catalytic cracking plant, CO heat recovery boiler, bypass flue duct, bypass econo-

mizer

(DCFC) = An Experimental Study of Direct Carbon Fuel Cells (DCFC)[ . ]/
CHEN Hong-wei, WANG Jin-quan, GAO Jian-qiang, et al (College of Energy Source and Power Engineering under the
North China University of Electric Power, Baoding, China, Post Code: 071003)// Journal of Engineering for Thermal FEn-
egy &Power. —2007, 22(4). —446 ~449

Direct carbon fuel cells (DCFC) represent an effective and clean fuel-cell technology, which is based on the theory of pro-
ducing electric energy directly thiough an electiochemical reaction of carbon and oxygen with no need for gasification and
reforming. Its efficiency can be as high as 80% and fuel utilization rate can reach about 100%. A single-body cell of
DCFC was assembled with its working temperature ranging from 500 to 700 “C. The cell uses fusible hydroxide to serve as
an electrolyte with a certain amount of catalyst being added . Graphite is used to sewe as a positive pole and stainless steel
as a negative one with moistened oxygen being added to serve as an oxidation agent. An experimental study has been per-
formed of the output performance of DCFC by using different electrolytes and at different oxygen flow rates. The results of
the study show that KOH has a better conductivity than NaOH and the cell made fom KOH can operate more stably and
is more favorable for cell output. When the oxygen flow rate is 70 ml/min, the cell has an optimum output perfomance

with,its, maximal current and power, density being 105 mA/em” and 0,041 W/ em” respectively. The open-circuit voltage
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can reach 0.74 V. When the current density is 45 mA/cm’s the output voltage can reach 0.65V and the cell can main-
tain a continuous and stable operation for 20 hours. A pyrolysis and direct carbon fuel-cell combined system is proposed
and with CoH» sewing as an example, an analysis was performed of the combined system having a maximal power genera-
tion efficiency of 76.5%. This indicates that the system in question will have a brilliant application prospect in future
centralized power plants. Key words: direct carbon fuel cell, graphite, fusible hydroxide, open-circuit voltage

= Numerical Calculation of a Honeycomb-shaped Catalyst Denitration Process
[ - ]/FAN Hong-mei, ZHONG Zhao-ping, JIN Bao-sheng, et al (College of Energy Source and Environment under the
Southeast University, Nanjing, China, Post Code: 210096)//Journal of Engineering for Themal Energy & Power. —
2007, 22(4). —450 ~456

An analytic study was conducted of the convection, mass transfer and chemical reaction process occurring inside a honey-
comb-shaped catalyst and a control equation established for the wall surface areas. Boundaty conditions were written out on
the basis of the geometrical symmetry and diffusion balance with self-adaptive meshes being generated. A discretization of
the control equation was performed by using a finite difference method to seek a solution of NO concentration distribution
on wall surfaces. Established was a cntwl equation for the mner areas in the honeycomb-shaped catalyst passage and
written out were the boundary conditions on the basis of the geometrical synmetry and diffusion balance.A discretization
of the control equation was conducted by using an alternating-direction implicit (ADI) algorithm. Finally, simultaneous e-
quations were set up and a solution was sought.Obtained was an optimum NH3/NO-ratio-based formula for a given tem-
perature, air-flow velocity and certain denitration efficiency as well as under the condition of an acceptable ammonia leak-
age rate. A specific-case calculation shows that SCR (selective catalytic reduction) reaction only occurs in a thin layer
close to the catalyst wall surface and the others are all dead zones. From the concentration distribution of the NH3 and NO
in a calalyst single hole along the axial direction, it can be shown that the concentration of NH3 in various sections drops
quicker than the concentration of NO, a result mainly caused by NH3 being oxidized at a high temperature. From the opti-
mum NH3/NO ratio at a certain NO admission concentration, temperature and air-flow velocity, one can wnclude that the
most suitable NH3 gas—feeding flow rate is not equimolar with the amount of NO. Key words: honeycomb-shaped catalyst,

denitration, numerical calculation

= A Study of Experimental and Reaction Models for the Spray
Towers of Wet-method Flue-gas Desulfuration] ., |/ZHAO Jian-zhi, JING Bao-sheng, ZHONG Zhao-ping (Educa-
tion Ministry Key Laboratory on Clean Coal Power Generation and Combustion Technology under the Southeast University,
Nanjing, China, Post Code: 210096), SUN Ke-qin (Suyuan Environment Protection Engineering Stock Co. Litd ., Nanjing,
China, Post Code: 210024)// Journal of Engineering for Themal Eney &Power. —2007, 22(4). —457 ~462

Established was a spray-tower test stand for limestone/ gypsum wet-method flue-gas desulfuration. An experimental study
was perfomed of the mechanism governing the impact of important operating parameters on the desulfuration efficiency of
a spray tower. The test results show that it is possible to raise the desulfuration efficiency by employing the following mea-
sures: raising liquid-gas ratio and slurty pH value, lowering the flue gas temperature and its flow speed, reducing SO; con-
centration of the inlet flue gas and performing a forced oxidation. The spray slurry was divided into two existing forms;
namely, spray liquid droplets and tower-wall liquid film. Models for them were respectively set up. The desulfuration pro-
cess of the spray liquid droplets was calculated by using a Gerbec liquid-droplet desulfuration model. The flow of tower-
wall liquid film was divided into two states, namely, laminar flow and undulatory laminar flow. A new reaction model for
calculating desulfuration in the spray tower has been developed. The calculation esults obtained by using the model show
that relative to the Gerbec liquid-droplet model, the calculation results of the reaction model under discussion are in better
agreement with the experimental data. Key words: flue gas desulfuration, spray tower, desulfuration efficiency, tower-wall
liquid film, reaction model



