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ABSTRACT: Recently, the problems of environmental protection have become increasingly important due to the
increase in the negative impact on humans. The deterioration of the ecological situation leads to man-made disasters of
various scales. The main directions of research in the field of energy in the modern world are energy saving and
continuous improvement of energy technologies, as well as saving fuel and other natural resources. Increasing the
efficiency of natural gas use is one of the urgent tasks today. Proceeding from this, in the presented work, the results of
a study of increasing the efficiency of natural gas in boiler plants of housing and communal structures and many industrial
enterprises are considered. The author proposes the use of exhaust gas heat for the purpose of deep cooling, for which a
contact-type heat exchanger is used, where the combustion products are cooled below the "dew point". The design of a
condensing heat exchanger with cooling of gases below the “dew point” is presented, the dependence of CO;
concentration in water heated to 40 °C on the coefficient of excess air in gases is studied.
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I. INTRODUCTION

Currently, a huge number of boiler houses (industrial and heating) consuming fossil fuels are operated in the Republic of
Uzbekistan. The vast majority of these boilers use natural gas as fuel.

Many boiler houses still operate steam and hot water boilers, flue gas temperature, beyond which 150 - 160 °C (with
surface-type economizers) and up to 350-370 °C for steam boilers without tail surfaces (example E-1/9)

Since during the operation of boilers on natural gas, heat losses from mechanical underburning are completely absent,
and losses from chemical underburning are usually close to zero, the efficiency of natural gas boilers depends mainly on
the flue gas temperature, which determines the amount of loss heat with exhaust gases (q2), while heat loss to the
environment (gs) with modern means of thermal insulation and calculation of gs individual for each boiler according to
the thermal conductivity of the insulation and the surface of the enclosing structures does not exceed 0.6 - 0.7 % for
powerful industrial (75 - 100 t/h, 58 - 78 MWt) and 1,3 — 1,5 % for low-power (1,0 - 20 t/h, 0,7 - 13 MW?) boilers and
the determining effect on the efficiency is not render [1 - 4].

Thus, the efficiency of gas boilers with tail surfaces is 90-92% and 84-86% without tail surfaces, when calculating the
net calorific value.
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Il. EXPERIMENTAL TECHNIQUE

One of the methods for increasing the efficiency of natural gas use in boiler plants of housing and communal structures
and many industrial enterprises is the deep cooling of flue gases
chilled gases below the “dew point”, which makes it possible to use the heat of
1 condensation of a part of the water vapor contained in the
T T T T T combustion products of natural gas for preheating make-up water

' 7 heating networks or feed water of steam boilers.
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In the vast majority of boiler houses burning natural gas, the flue gas
temperature is 120 - 130 °C (in the best boiler houses) and up to 270
- 280 °C (in boiler houses with E-1/g boilers).

In boiler houses with steam boilers, as a rule, surface economizers
are used to reduce the temperature of the flue gases, which ensure
X the efficiency of the boiler plant in terms of lower calorific value

N = 90 —92% [1,5, 6].
4 The design of the most common type of condensing heat exchanger

flue | A A A /1,//_ is shown in Fig. 1.

gases | || 5 1. drip catcher
/ 2. distributive collector of source water
e 3. pin nozzle

| 6 4. perforated pipe for flue gas supply
«— —— E=4|— 5. water decarbonization device
p———— -
hot water e 6. hydraulic seal for the removal of heated water

7. removal of gases CO3, Oz, removed and water.

Water-heating boilers, on natural gas, have an efficiency of boilers
of 92 - 93%, depending on the temperature schedule for heat supply
(95-70,110- 70 ... 150 - 70 °C).

In any heat supply scheme (classical) above, the heat contained in
the water vapor of the exhaust gases is not used. Theoretically, the heat of fully condensed water vapor will increase the
thermal efficiency of the unit to ~ 111 % when calculated using the lower (classical) calorific value.

To use the heat of exhaust gases for the purpose of deep cooling, contact-type heat exchangers of various designs are
used with cooling of combustion products below the dew point [2, 4, 6].

The dew point of natural gas combustion products of most fields in Uzbekistan at a=1,0 is t, = 53 — 58 °C.

The initial (raw or softened) water is supplied through the distribution manifold 2 to the contact chamber 3, made of
ceramic or plastic elements (Raschig rings, Intalox saddles, etc.), where, in contact with flue gases, it cools them to the
dew point temperature and below, providing partial condensation of water vapor contained in the combustion products
of natural gas [3, 6].

Fig. 1 Design of a condensing heat
exchanger with gas cooling below the "dew
point™.

I11. SOLUTION METHODS

Upon contact with flue gases, the temperature of the water rises, depending on the initial parameters of the combustion

products (temperature, excess air ratio, moisture content, dew point ...), the temperature of the source water. Theoretically,

the limiting value of contact heating of water, equal to the temperature of the "wet" thermometer t,, a, in reality is:
tIh*™ =~ 1, — (3—6°C)

The temperature of the "wet" thermometer, in turn, also depends on the temperature (t.), moisture content (d,) and the

coefficient of excess air of gases («,) - fig. 2 and 3.
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Fig.2. Dependence t,, = f (t,) at Fig.3. Dependence t,,=f (t,) at different ar

different d;

The products of burning natural gas contain carbon dioxide CO2, oxygen O, nitrogen Ny, nitrogen oxides NOy, benz (0)
pyrene CHi2, which, upon contact with water, partially pass into its composition. Of practical interest for the use of
condensing heat exchangers in heat supply systems are carbon dioxide CO and oxygen O, since heating boiler houses
of small capacity, as a rule, do not have deaerators, and these gases (CO2, O2) have significant corrosive activity to the
metal of pipelines and equipment [7 - 11].

The dependence of CO; concentration in water heated to 40°C on the coefficient of excess air in gases is shown in Table
1.

Table 1. Dependence of CO, concentration (mg/l) in water heated up to 40 °C by contact method on excess air
coefficient oz in flue gases.

a, 1,2 14 1,6 1,8 2,0 2,2

CO, 86 75 62 53 48 45

It should be noted that at a CO. concentration of 60-70 in water heated by the contact method, the pH of the water
decreases:

- when fed with raw (hard) water up topH ~ 6,7 - 7,2

- when fed with softened water up to pH ~4,5-5,0
Thus, with contact heating of hard water, the medium remains practically neutral, not representing a corrosion hazard for
the metal, and with softened water, the medium acquires a pronounced acidic character with pH = 4.5«7.0 [12-14]
To prevent a significant decrease in pH, a decarbonization device 5 is designed, which reduces the concentration of CO,
in the heated water to acceptable limits by blowing air through the system 7 (figure 1).
Approximate flow rate of purge air through the built-in decarbonized of 15-20 m3 per 1 ton of water ensures that the
concentration of CO; at the outlet of heated water is not more than 25 mg/l, which corresponds to a neutral or weakly
acid reaction [15, 16].
An extensive analysis of literature data and operational data on condensing heat exchangers leads to the conclusion that
it is permissible to consider the average parameters characterizing their performance indicators [17]:

- temperature of gases after the contact chamber — 40-43 °C

- relative humidity of gases after the droplet eliminator — 98-100 %

- moisture content at the outlet of the heat exchanger — 45-50 g/kg d.g.
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- the degree of gas drying after the contact chamber — 0,45-0,55

The degree (coefficient) of drying (Kos) depending on the temperature of the gases at the outlet of the contact chamber

with an average of a, = 1,4 is shown in Fig. 4.
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At a relative humidity of gases ¢ = 100 %, cooling in the gas
ducts and the chimney will occur with intensive condensation
of residual (d2 = 45 - 50 g/kg d.g.) water vapor with the
formation of carbonic acid H,COs and corrosive wear of the
metal of the gas ducts and the chimney. This process will be
especially intensive in winter at low temperatures, which will
require emergency measures to prevent or at least slow down
the metal [6,7, 17, 18, 19].

In order to prevent acid corrosion of gas ducts and a chimney
when heating water in contact heat exchangers, it is necessary
to achieve the maximum possible degree of gas drying within
the condensing heat exchanger to obtain exhaust gases with a
minimum moisture content.

This result can be achieved by using a surface-type gas cooler
located within the condensing heat exchanger behind the water
distribution manifold.

The authors of this work obtained a patent for a utility model of
a contact heat exchanger (patent No. FAP 02070 dated August
22, 2022), on which they studied a surface cooler built into a
contact heat exchanger [9, 20 — 23].

Due to the limited size of the article, a detailed description of
the design is not given here. Of main interest is the comparison
of the indicators obtained at the outlet of the contact chamber
and after the surface cooler (table 2).

Table 2. Of main interest is the comparison of the indicators obtained at the outlet of the contact chamber and
after the surface cooler

Ne | Name Dimension Contact chamber | Surface cooler | Total value
at the °C 120 43 120
1 | Gas temperature: entrance
at the exit °C 43 27 27
. at the
) M0|st.ure content of entrance g/kg d.g 94,5 48,2 94,5
gases: at the exit g/kg d.g 48,2 15,5 15,5
3 | Drying ratio - 0,489 0,678 0,836
4 | Thermal power kW 421 4,37 8,58
5 | Inlet water temperature °C 17,0 9,0 -

IV. CONCLUSION

1. The use of a built-in surface cooler increases the gas drying coefficient by 1.71 times, reduces the moisture content of
gases by 3.11 times, and increases the heat output by 2.04 times compared to a purely contact chamber;
2. The main conditions for the use of a surface cooler should be considered to be made of alloyed pipes and the presence
of cold water in the contact for supply to the cooler with a temperature of 8 - 10 °C lower than at the inlet to the contact
chamber.

Copyright to IJARSET

Www.ijarset.com

20680



http://www.ijarset.com/

I.IAIIg{T ISSN: 2350-0328
International Journal of Advanced Research in Science,

Engineering and Technology

Vol. 10, Issue 5, May 2023

REFERENCES

1. Thermal calculation of boiler units M. "Energy" 1973;

2. Guidelines for the prevention of low-temperature corrosion of heating surfaces and gas ducts of boilers. MU 34-70118-84 (RD 34.26.105-84). M.
SPO Soyuztekhenergo, 1986.

3. Aronov T.Z. Contact heating of water by natural gas combustion products - L.: Nedra, 1990. - 280s.

4. Solodovnikova E.N. Aronov |.Z. On the corrosive properties of water heated in contact gas economizers. -Gas. Prom-st, 1970 No. 3 p. 40-42.

5. Aronov I.Z. Contact gas economizers Kyiv, Tekhnika, 1964.

6. Thermotechnical reference book. T.1. M., Energy, 1975.

7. Mamet A.P., Corrosion of thermal power equipment of power plants. M-L., Gosenergoizdat, 1952.

8. Baklastov A.M., Gorbenko V.A., Udyma P.G. Design, installation and operation of heat and mass transfer plants / Ed. A.M. Baklastova M.:
Energoizdat, 1981

9. Utility model patent No. FAP 02070 jn 20.08.2022

10. Goryaev A.B. Investigation of temperature distribution and enthalpy of heat carriers in surface condensation utilizers / A.B. Goryaev // Thermal
power engineering. -2005.-Ne7.

11. Baskakov A.P. Heat and mass transfer during deep cooling of natural gas combustion products / A.P. Baskakov, E.V. llyina// Engineering Physics
Journal. -2003.-Ne2.

12. Portnoy M.F., Klokov A.A. The use of heat from combustion products of boilers running on gaseous fuel. — Prom. Power Engineering, 1985, No.
6.

13. Methods of testing contact economizers / 1.Z. Aronov, G.A. Presich, V.P. Vershinsky, I.A. Shur. — Gas. Prom-st, 1974, No. 1.

14. Aronov L.G. Presich G.A. Semenyuk L.G. Adjustment and operation of contact economizers. —M., VNIIE gazprom, 1980.

15. Semenyuk L.G. Hot water supply systems with contact-surface boilers KPGV-1.- Water supply and sanitary engineering, 1979, No. 10.

16. Kasymov Shukhrat, Kuchimov Husniddin, Tokhtakhunova Gulnara. Improving the efficiency of the use of Angren brown coal. American Journal
of Research, 7-8, July-August 2020, pages 17-19. USA, Michigan.

17. Lutfulla Eshkuvatov, Mirjalol Ruzinazarov Methodology for conduction and calculation of the results of an experimental study for condensation
of vapors on vertical tubes with specially profiled ribs // International Journal of Advanced Research in Science Engineering and Technology ISSN:
2350-0328 Vol. 9, Issue 11, November 2022 Pages: 20032-20037.

18. Shukhrat Kasimov, Janarjon Khodjaev, Husniddin Kuchinov, Bakhtiyor Khalkhadzhaev. Testing of the operating parameters of the gas pulse
system of gas cleaning of the surfaces of power and exhaust boilers. Solid-State Technologies Magazine. Volume 63, No. 6 (2020), pp.370-378.

19. H.A. Kuchinov, R.P. Babakhodzhaev Improving the energy efficiency of water heating boilers of SUE "Toshissikkuvvati* based on the results of
the energy survey of the boiler house "Vodnik"// Bulletin of TSTU No. 3 - 2018.

20. Sadiev A.A., Kuchinov H.A. Sadiev A.A. Analysis of operational performance indicators of the technical heat supply system and the influence of
the error of heat measurement devices // Problems of energy and resource saving No. 2 - 2022.

21. H.A. Kuchinov, R.P. Babakhodzhaev, A.A. Sadiev. Analysis of methods for improving the efficiency of boiler installations by deep utilization of
outgoing flue gases // "Problems of energy and resource conservation" special issue (N0.83) — 2022

22. Sadiev A.A., Kuchinov H.A., Akhmedov A.M., Kuchkarov A.V. / Proceedings of the International Conference "Energy resource-energy saving:
new research, technologies and innovative approaches”// Karshi 24-25 September 2021. p. 407-411/.

23. Sadiev A.A., Kuchinov H.A., PhD student, Tashbayev N.T., Candidate of Technical Sciences.Sciences of TSTU, Engineering methodology for
determining the operating and structural parameters of gas pulse cleaning of heating surfaces. Industrial energy No. 11, 2020.

AUTHOR’S BIOGRAPHY

FULL NAME PLACE OF WORK, POSITION, ACADEMIC

DEGREE AND RANK PHOTO

Babakhodjayev Rakhimjan Pachexanovich
1. Professor of the department "Thermal Power Engineering”,
Tashkent state technical university,

Copyright to IJARSET Www.ijarset.com 20681


http://www.ijarset.com/

ISSN: 2350-0328
International Journal of Advanced Research in Science,
Engineering and Technology
Vol. 10, Issue 5, May 2023

Kuchinov Khusniddin Abdusattorovich,
2. Senior teacher department "Thermal Power Engineering",
Tashkent state technical university

Eshkuvatov Lutfulla Muradullayevich, &
3. Associate professor of the department "Thermal Power —
Engineering"”, Tashkent state technical university,

Copyright to IJARSET Www.ijarset.com 20682


http://www.ijarset.com/

