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Tonic product of water-IAPWS formulation >>>
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Fig. 1. Calculation of the ionic product of water as a function of temperature and pressure.

for fixed temperatures can be found in the reference lit-
erature. The above-mentioned site for the first time
shows processing of these data taking into account dif-
ferences in temperature. In addition, it contains similar
dependences for other chemical reagents that are used
in water treatment plants at power stations.

(3) A “live” nomogram for calculating the working
exchange capacity of ion-exchange resin (see Fig. 5).
Manufacturers of water-treatment equipment often
hand over closed and frequently nonlocalized the com-
puter programs for calculations of water treatment
plants to customers or furnish technical documentation
with nomograms similar to that shown in Fig. 5. The
nomogram given at the above-mentioned site is “live”
in the sense that the user can change the initial data and
obtain, not only the required answer, but also the corre-
sponding curves on the diagram. Calculations for
almost all ion-exchange resins produced in and outside
Russia have been opened in a similar way. In particular,
this made it possible to place “transparent interactive
network” calculations of technological circuits contain-
ing ion-exchange filters and reverse-osmosis mem-
branes on the site.

Work on creating “cloud” computation servers for
specialists in thermal engineering and thermal power
engineering is part of an innovative educational pro-
gram (http://inedu.mpei.ru) that is being conducted at
the Moscow Power Engineering Institute (MEI)
(www.mpei.ru) for development of an Electronic Ency-
clopedia for Power Engineering (www.trie.ru). The
server developed at the MEI is constantly augmented
with new calculations for different fields of industry.
Among the new computer programs relating to chemi-
cal and environmental laboratories, we should mention
calculations of the quantity of harmful substances emit-
ted into the atmosphere with flue gases from steam and
hot-water boilers.

These calculations were carried out in the course of
developing a multimedia simulation system intended
for studying the effect of the production and technolog-
ical processes used at power-generating facilities of
RAO Russian Railways on the environment. These cal-
culations allow a user to study atmospheric emissions
of such pollutants as nitrogen and sulfur oxides, ash and
unburned fuel, and fuel-oil ash containing vanadium
and benz(a)pyrene generated during the operation of
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Thermodynamic properties of seawater (IAPWS formulation) >>>
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Fig. 2. Thermodynamic properties of seawater as a function of salinity, temperature, and pressure.

KV-14GM and KV-TS hot-water boilers with a thermal
power output of 17-84 Gl/h, as well as DB-14GM and
DE-148S steam boilers with a steam output of 2.5-25 t/h.
The calculations of atmospheric emissions of pollutants
make it possible to estimate both maximal (g/s) and
gross (t/yr) emissions, as well as to determine the sum
of charges for emissions taking into account the fill-in
factors of yearly and daily load curves.
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The problems of environment protection and ratio-
nal use of natural resources are crucial at the modern
stage of development of power engineering and indus-
try as a whole; therefore, matters concerning emissions
into the atmosphere of harmful substances able to upset
its chemical composition during combustion of organic
fuels in industrial and heating boiler houses are of great
importance.
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Fig. 3. Database on sources of water supply for power stations.

DOWEX MARATHON C cation-exchange resin

Calculation of working exchange capacity regeneration with hydrochloric acid, countercurrent
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Fig. 4. Live nomogram for calculating the working exchange capacity of ion-exchange resin.
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Fig. 5. Density, temperature, and concentration of sulfuric acid.

lg http:/twt.mpet.ac.ru/MCS/Worksheets/Water/Coal- Air-Pollution-steam-boiler.xmed

Emissions discharged from steam boilers during fuel-

Type of steam boiler ~~ g5 5145
C KE-4-14S

bed combustion of coal

Quantity of boilers ! 1 «2

& KE-10-14S
¢ KE-25-14S

Equivalent time of operation a year
at nominal load, h/yr

Coal

" Irsha-Borodino black coal

¢ Minusinsk black coal

Boiler thermal power Q, = 7.35 MW

Recalculate j

Lower fuel heating value Q, = 21.6 MJ/kg

Actual consumption of coal B := Q,/Q, = 0.349 kg/s

The quantity of unburned carbon is taken to be g4 := 5.5%

Calculated flowrate of fuel B, := B(1 —¢4) = 0.33 kg/s

Fig. 6. Entering of initial data for calculating the emissions discharged from steam boilers during coal combustion.

The list of substances that enter into the atmosphere
during combustion of solid fuel includes, along with
oxides of carbon and hydrogen (CO, and H,0O), which
are the main combustible elements, fly ash with parti-
cles of unburned fuel, sulfurous and sulfuric anhydrides
(SO, and SO3), nitrogen oxides (N,O, NO, and NO,,
denoted generally as NO,), and some quantity of fluo-
rides, as well as gaseous products from incomplete
combustion of fuel (CO, H,S, and others). A quantita-
tive assessment of these processes using a computer
program on the Internet is shown in Fig. 6.
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The composition of flue gases emitted into the atmo-
sphere during combustion of sulfur-containing fuel oils
includes sulfurous and sulfuric anhydride, nitrogen
oxides, gaseous and solid products of incomplete com-
bustion, and vanadium compounds (oxides with differ-
ent valences, including V,0s). Most of these compo-
nents are toxic and have a detrimental effect on the nat-
ural environment and human beings even in low
concentrations. Carcinogenic substances can be gener-
ated during incomplete combustion of fuel, the most
dangerous of which are polycyclic aromatic hydrocar-
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Benz(a)pyrene emission

Factor taking into account the fuel oil atomization method for mechanical steam-atomizing burners
Ry =0.75

Air excess factor in combustion products at the furnace outlet ot=: 1.2
Furnace volume heat density ¢, := 260 kW
Since the design of the boiler types being considered does not incorporate the possibility of
recirculation, the dimensionless factor that takes into account the influence of flue gas
recirculation on the generation of benz(a)pyrene is taken to be K .. := 1

Factor depending on the relative boiler load Ky | 1.5

Air is not fed in bypass of boilers in the considered types of boilers: the dimensionless coefficient
that takes into account stagewise admission of air K, =1

Period of time between cleaning operations ST
C 24h

¢ 48h Recalculate j

Factor taking into accountthe effect of shot cleaning of convective surfaces in
the operating boiler K| = 2.5

Emission of benz(a)pyrene in combustion products from a fuel-oil-fired hot-water boiler

[
Rm( 0.445 0% _ 28)

-6 M\ kW > ., mg —4mg
Cgp = 10 T Koo Ky KoKy —5 =1225x10 "—
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Fig. 7. Calculation of benz(a)pyrene emissions discharged from hot-water boilers during fuel oil combustion.
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Gas fuel ¢ Saratov—Moscow

¢ Serpukhov-St. Petersburg

Gas fuel heating value Q, = 28.64 MJ/m’
Actual thermal power Q, == B Q, =7.383 MW

Specific emission of NO, during gas fuel combustion

Kyo, = (0_01 15 +0.03 Jg/MJ = 0.062 /M)

Dimensionless factor for rotary-type burners fy := 1

Temperature of air fed for combustion 7. ,, °C

Dimensionless factor taking into account the temperature of air supplied for combustion

Bro=1+0.002(t, - 30) = 1

: <1 < fac akine i P ¢ i : s
D_1mcn519nless factor taking into account the effect ,Ot {-1—22—5——- R
air excess factor onhe generation of nitrogen oxides By .

Dimensionless factor taking into account the effect of flue gas recirculation through the burners on
the generation of nitrogen oxides without recirculation .. := 0

Dimensionless factor taking into account stagewise admission of air into the furnace chamber in
he absence of air fed to the flame’s intermediate zone B, := 0

Total quantity of nitrogen oxides NO, emitted into the atmosphere with flue gases
MNOX = Bc . Qg . KN()Z . Bk . BT' Ba (1 7Brec) (A= ﬁsl) = 0.562 g/s

Recalculation of the obtained value of NO, emission for nitrogen dioxide and nitrogen oxide
Myg, := 0.8Myqo = 045 g/s Myg = 0.13Myq, = 0.073 g/s

Total quantity of NO, emitted into the atmosphere with flue gases a year
Myo = 15778t

Fig. 8. Calculation of nitrogen oxide emissions discharged from steam boilers during gas combustion.
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bons, especially benz(a)pyrene (C,yH,,), which is the
most active of them. A quantitative assessment of these
processes carried out using a computer program on the
Internet is shown in Fig. 7.

Various nitrogen oxides also enter into the environ-
ment as pollutants. Being toxic to human beings, they
feature a pronounced irritating effect, especially on the
mucous membranes of the eyes, and degrade respira-
tory functions, resulting in a larger number of respira-
tory diseases. A quantitative network assessment of
these processes is shown in Fig. 8.

The calculations of emissions available on the
server can be used, not only for educational purposes,
but for engineers and researchers working in this
branch of industry, and the technology of “cloud” com-
putations makes these calculations accessible for all
interested specialists.

CONCLUSIONS

(1) “Cloud computations™ are an advanced technol-
ogy, the use of which makes it possible to avoid errors
in engineering and scientific calculations provided that
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certified computer programs are available; in addition,
it allows less money to be spent for purchasing soft-
ware.

(2) The calculations of emissions discharged from
KV-14GM and KV-TS hot-water boilers and DB-14GM
and DE-14S steam boilers during their operation on
coal, fuel oil, and gas that have been developed at the
Department for Thermal Physics of High Temperatures
of the Moscow Power Engineering Institute (Technical
University) are accessible for use at the website
WWWw.vpu.ru/mas.
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