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Statement of the problem. The influence of the speed of wind of areas inside backyards of urban 

multi-storeyed quarters on a decrease in thermal comfort in premises is considered. Loss of saved 

thermal energy affects an internal microclimate of structures. A drop of the temperature of the in-

ternal air of a part of a construction generally affects its thermal mode, which leads to an increase 

in the operational costs of maintaining the required parameters of the microclimate and deteriora-

tion of the indices of the power efficiency of a building. 

Results. In order to maintain the acceptable parameters, a heat-pump system (HPS) of façade regula-

tion is considered. The described model consists of two consistently connected thermal pumps and 

systems of sensors as well as two contours of a system of heating. During the operation of the equip-

ment the excess thermal energy for heating of the rooms located on the side of the building less exposed 

to winds goes into the colder premises from the part of the facade which is more exposed to winds. 

Conclusions. The option for optimizing the operation of a HPS during consecutive connection of 

condensers is considered and parallel evaporators of thermal pumps for the consumption of the 

conditional fuel for smooth functioning of the system. Studies of the model of a heat-pump station 

where the efficiency of the first thermal pump exceeds that of the second one are presented. Their 

effect on the consumption of conditional fuel as a result of redistribution of thermal energy be-

tween premises on different facades of the building is investigated. 
 

Keywords: thermal comfort, system of façade regulation, optimization of a heat pump, buildings with low ener-

gy consumption. 
 

Introduction. In modern urban construction practice in the Russian Federation new residen-

tial areas mainly consist of high-rises, which is within investors’ interests but neglects com- 
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fort levels. The fact that there is almost no greenery also has a negative impact on a wind 

mode of buildings. A rise in the speed of wind in the areas surrounding high-rises, an 

emerging wind tunnel effect around them contributes to blowing of accumulated heat of fa-

cilities on the along-wind side [8, 14, 15]. Therefore a reduction in the admissible parame-

ters of the inside air of a part of a construction has an effect on its overall thermal mode and 

leads to an increase in energy costs for heating decreasing the energy-sustainable perfor-

mance of a building.  

The temperature and speed of the air is one of the major characteristics of microclimate of facil-

ities [2, 7]. For the above conditions, the temperature and wind speed inside facilities will not be 

as specified in “The Set of Rules” (СП) 60.13330.2012, which will have a negative impact on 

heat comfort levels [12, 13, 16]. 

Studies of how to reduce heat losses in buildings and structures using a variety of methods 

are highly relevant [1, 7, 10, 12, 17, 19]. However, for a high-rise construction it is neces-

sary that stitches of outside framing are hermetically sealed [17]. Wrong operation of fram-

ing and untimely maintenance leads to seal failures and considerable heat losses [18, 20]. 

The importance of the problem is that a heat pump system might facilitate an even distribu-

tion of heat inside residential structures. The suggested system of heat pump systems is in-

strumental in reducing the temperature of a heat-carrier that is needed to heat facilities on 

the along-wind side directing it for heating on the cross-wind side.   

1. Statement of the problem. A reduction in loads on a heating system and maintenance of 

the required temperature parameters of the inside air is possible provided that a heat pump 

system is implemented. Using façade regulation in combination with heat pumps, a heat mode 

of facilities on the along-wind side of a building depending on deviations of the temperature 

of the air in a facility, changes in the temperature of the outside air, solar radiation onto the 

outside wall and effects of high-speed wind flows [1, 19]. The optimization of the operation 

of a heat pump system allows heating costs to be significantly cut.  

A maximum effect from façade regulation should occur for quick and sufficient reactions of a 

system to changes in weather conditions: a drop in the water temperature in the supply heat-

ing system according to changes in loading. The opportunities offered by automatic sets of a 

system of façade regulation with a heat pump system allow algorithms of changes in the tem-

perature of a heat-carrier inside the system to be employed, which is implemented in actual 

operation [6, 10]. An extra effect is achieved by using a system of façade regulation with 

thermostat sensors fitted in the heating equipment [4] (Fig. 1). 
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Fig. 1. Principal scheme of a HPS operating in conjunction with a system of façade regulation: 

1 is a heat pump HP1; 2 is a heat pump HP2; 3 is a condenser; 4 is an evaporator; 5 is a network pump; 

6 is a tank accumulator, 7 is a heat-exchanger; Qk is thermal load of the HP condenser, kWatt;  

TO is the temperature of evaporation of the HP operating body, К; GH1 is the mass consumption of water  

in the heating system on the under-wind facade, kg/seс; GC is the mass consumption of water  

in a heating system at the along-wind façade, kg/seс;  

tH1, tH2 is the temperature of water at the input in the second one and at the output from the first HP evaporator, К;  

tB1, tB2 is the temperature of water at the input in the first and at the output of the HP condenser respectively, К;  

tK1, tK2 is the temperature of condensation of the HP1 and HP2 operating body respectively, К;  

Т1 and Т2 is the temperature of a heat-carrier of a heating system at the along-wind façade before  

and after the HPS respectively  

 

2. Use of a heat pump system. In this study a model of an individual heating spot of a heat-

ing system is that includes a façade system and two heat pumps. Condensers of a heat pump 

system are joined in a sequence and evaporators in parallel. The latter “pump” excess thermal 

energy that is needed for heating the windy or sunny side of the facade in order to supply heat 

to the along- and cross-wind sides of a building.  

 

From the heating system  
located at the along-wind façade 

 

Into the heating system located  
at the along-wind façade 

 
 

Into the heating system located  
at the cross-wind façade 

 
 

From the heating system located  
at the cross-wind façade 
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The investigated system has two circulation contours and can be used in buildings with 

rectangular floor plan. An advantage of the described model is transformation of heat in a 

wider temperature range than the one suggested earlier [2, 13] as for each cycle of a heat 

pump an operating substance with the best properties in required ranges of change in the 

parameters.  

Losses of a conditional fuel for the operation of a heat pump system are the main optimiza-

tion criteria. The necessary operational parameters are chosen according to their smallest 

value [11]. The consumption of a conditional fuel of the system ВHPS, kg. t. c./f, [5, 9] is 

given by the formula: 
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where TO1, TO2 is the temperature of evaporation of an operating body HP1 and HP2, К; TK1, 

TK2 is the temperature of condensation of an operating body HP1 and HP2 respectively, К; cp 

is a specific chosen isobar thermal conductivity of water, kJ/(kg∙К); ΔTK2, ΔTK1 is the final 

difference between the temperatures of an operating body and heat-carrier in the condenser 

HPS2 and HPS1 respectively, К; T3 is the temperature of water before the second condenser 

HP, К; GC are the mass consumption of a heat-carrier in a heating system, kg/sec; Э
K  is the 

coefficient of efficiency at condensation electric power stations; φСН is the coefficient of 

own needs of an condensation electric power station; ηЭ. С. is the coefficient of efficiency of 

an electric network. 

Let us accept that dimensionless temperatures of condensation of the operating body classi-

fied as corresponding evaporation temperatures in the evaporators HP1 HP2 and dimension-

less complexes of constants [3] determined by the formula: 
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where ε1 is a relative difference of the coefficient of efficiency of HP1 and HP2; ε2 is a rela-

tive final difference of the temperatures in the HP condensers (to the evaporation temperature 

of the operating body in the HP evaporator); δО is a ratio of the temperatures of the operating 

body in the HP1 and HP2 condensers.  
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By introducing the transformations (2) into a dimensionless function of the total consumption of 

conditional fuel [6], we get: 
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where  *
1 1 1 2 21 , /o

oc c        ;  

the description of the function с1 is given in [6]. 

Let us conduct an analysis of the effect of the coefficient of efficiency of heat pumps joined 

into a system in the following way: the condensers in a sequence and evaporators in parallel. 

Let us consider that when condensers are joined in a sequence, final differences of the tem-

peratures of a cooling agent and heat-carrier in each of them are almost equal. Let us evaluate 

a combination of values when a parameter of the heat transfer is 2 1   and a parameter of 

the coefficient of efficiency 1  is within  *
1 2,1  , i. е. the coefficient of efficiency of the 

first heat pump is larger than of the second one.  

As a result of the studies, an expression was obtained that determines the optimal tempera-

tures of condensation of the HP operating bodies and making the following purpose function 

as small as possible:  
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The function с1, А is described in [6]. 
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For energy efficient performance of the HP, it is important to factor in a sequence of heat 

pumps with different coefficients of efficiency in the direction of heating of a heat-carrier. 

Based on the dependence (4), in case the coefficient of efficiency of the operation of the HP1 

is more than a similar value of the HP2, the final difference of the temperature of a cooling 

agent and a heat-carrier in the condenser HP1 is more than that of the HP2:  

1 0  ,   2 1  ,   1 2ТН ТН  ,   2 1К КТ Т  . 

The main parameters of the operation of the system of heat pumps are presented in Table.  

 

Таble 

Parameters of the heat pump station  

 

η1 η2 φсн ηэс 
Э
K  ΔТК1,С ΔТК2,С Т02,С Т01,С GС, кг/с Т1, С Т2, С

0.36…0.5 0.3 0.05 0.95 0.33 5 4.1 20 20 0.364 95 70 

 

Based on the obtained data (Fig. 2), it can be concluded that when in heat pumps of a heat sta-

tion condensers are joined in sequence and evaporators in parallel, if the coefficient of effi-

ciency of the HP1 is more than a similar of the HP2, it is not economically viable to install the 

second heat pump.  

 

 

 
Fig. 2. Graph of the optimal condensation temperatures of the operating bodies depending  

on the coefficient of efficiency of the first heat pump  
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It is not viable to make use of the second HP as the optimal temperature of the condensation 

of the operating body of the first heat pump is higher than that of the second one. Therefore 

the heat-carrier of the interior contour in the first heat pump is heated till it reaches the tem-

perature the second heat pump will not be capable of increasing at viable temperatures of a 

heat pump station. A thermal load is covered only by the first heat pump and installing the 

second one leads to an unjustifiable increase in financial and operational costs.  

Conclusions 

1. It was found that the use of a system of façade regulation operating in conjunction with 

heat pumps contributes to comfortable living and standardized temperature parameters of the 

microclimate that get disrupted due to wind flows outside a building.   

2. The principal scheme of the HPS working in conjunction with a system of façade regula-

tion is set forth. The suggested system transfers excess thermal energy for heating warmer 

facilities from the along-wind side or/and on the sunny side of the façade, for supplying heat 

of rooms on the windy or/and dark rooms.  

The criterion for the optimization of the operation parameters for viable use of thermal energy 

is consumption of conditional fuel.   

3. It was found that when in heat pumps at a thermal station condensers are joined in sequence 

and evaporators in parallel, if the coefficient of efficiency of the HP1 is larger than that of a 

similar parameter of HP2, installing the second heat pump is not economically viable.  

 
References 

 
1. Aver'yanova O. V. Energosberegayushchie tekhnicheskie resheniya dlya mestno-tsentral'nykh sistem 

obespecheniya mikroklimata pri ispol'zovanii teplovykh nasosov v kachestve mestnykh agregatov, 

ob"edinennykh v edinyy vodyanoy kontur [Energy-saving technical solutions for local-Central microclimate 

systems when using heat pumps as local units integrated into a single water circuit]. Inzhenerno-stroitel'nyy 

zhurnal, 2011, no. 1 (19), pp. 37—45. 

2. Bogoslovskiy V. N. Teplovoy rezhim zdaniya [Thermal regime of the building]. Moscow, Stroyizdat Publ., 

1979. 248 p. 

3. Isanova A. V., Luk'yanenko V. I. Vliyanie KPD teplovykh nasosov teplonasosnoi stantsii na ratsional'nye 

temperatury kondensatsii rabochego tela teplovykh naosov pri malykh otnositel'nykh konechnykh raznostyakh 

temperatur v ikh kondensatorakh [The influence of efficiency of heat pumps heat pump station on the rational 

condensation temperature of the working fluid of the heat pump at low relative finite temperature differences in 

their capacitors]. Vestnik Voronezhskogo gosudarstvennogo tekhnicheskogo universiteta, 2012, vol. 8, no. 11, 

pp. 129—131. 

4. Isanova A. V., Martynenko G. N., Luk'yanenko V. I. Vliyanie parametrov raboty teplonasosnoy ustanovki 

sistemy teplosnabzheniya na vybor energosberegayushchego rezhima ee funktsionirovaniya [Influence of the 



Issue № 4 (40), 2018 ISSN 2542-0526  

13 

parameters of the heat pump installation of the heat supply system on the choice of energy-saving mode of its 

operation]. Vestnik Voronezhskogo gosudarstvennogo tekhnicheskogo universiteta, 2012, vol. 8, no. 11, 

pp. 129—131. 

5. Isanova A. V., Martynenko G. N., Luk'yanenko V. I. Vliyanie parametrov raboty teplonasosnoy ustanovki 

sistemy teplosnabzheniya na vybor energosberegayushchego rezhima ee funktsionirovaniya [Influence of the 

parameters of the heat pump installation of the heat supply system on the choice of energy-saving mode of its 

operation]. Mezhdunarodnyy nauchno-issledovatel'skiy zhurnal, 2015, no. 2 (33), pp. 36—38. 

6. Isanova A. V. Opredelenie raskhoda uslovnogo topliva v sisteme posledovatel'no svyazannykh teplovykh 

nasosov pri energoeffektivnom rezhime raboty [Determination of conditional fuel consumption in the system of 

series-connected heat pumps under energy-efficient operation]. Vestnik Voronezhskogo gosudarstvennogo 

tekhnicheskogo universiteta, 2016, vol. 12, no. 3, pp. 36––40. 

7. Kononova M. S., Sorochenkova E. Yu., Smirnova N. N. Otsenka potentsial'noy ekonomii energoresursov na 

otoplenie zdaniy za schet teplopostupleniy ot solnechnoy radiatsii [Assessment of potential energy savings for 

heating buildings due to heat from solar radiation]. Nauchnyy zhurnal. Inzhenernye sistemy i sooruzheniya, 2016, 

no. 1 (22), pp. 35—41. 

8. Kupriyanov V. N. Gradostroitel'naya klimatologiya [Urban climatology]. Kazan, Izd-vo Kazanskogo gos. 

arkh.-stroit. un-ta, 2012. 147 p. 

9. Luk'yanenko A. V., Byrdin A. P., Petrakov G. N. Optimal'nye raskhody uslovnogo topliva v sisteme 

posledovatel'no svyazannykh teplovykh nasosov [The optimal costs of conventional fuel in the system, sequen-

tially connected heat pumps]. Vestnik Voronezhskogo gosudarstvennogo tekhnicheskogo universiteta, 2008, 

vol. 4, no. 12, pp. 148––153. 

10. Luk'yanenko A. V., Byrdin A. P. Proektirovanie fizicheskikh parametrov kondensatorov teplonasosnykh 

ustanovok v sistemakh teplosnabzheniya [Design of physical parameters of condensers of heat pump installa-

tions in heat supply systems]. Vestnik Voronezhskogo gosudarstvennogo tekhnicheskogo universiteta, 2009, 

vol. 5, no. 10, pp. 196—200. 

11. Petrakov G. N., Stogney V. G., Martynov A. V. Raspredelenie teplovoy nagruzki mezhdu teplovym nasosom 

i pikovoy kotel'noy [The distribution of heat load between a heat pump and peak boiler]. Vestnik 

Voronezhskogo gosudarstvennogo tekhnicheskogo universiteta. Ser.: Energetika, 2004, vol. 7.4, pp. 121— 125. 

12. Popova I. V., Kurolap S. A. [Analysis of the microclimate of the urban environment]. Ekologicheskaya 

otsenka i kartografirovanie sostoyaniya gorodskoy sredy [Environmental assessment and mapping of the urban 

environment]. Voronezh, Izd-vo Voronezh. gos. un-ta, 2014, pp. 30—40. 

13. Semashko K. I., ed. Rukovodstvo po otsenke i regulirovaniyu vetrovogo rezhima zhiloy zastroyki [Guidance 

on the assessment and management of wind regime residential development]. Moscow, Stroyizdat Publ., 1986. 

64 p. 

14. Batukhtin A. G., Kobylkin M. V., Batukhtin S. G., Safronov P. G.Energy Saving Measures for Public Office 

Buildings. The 5th International Conference on Eurasian Scientific Development. Vienna, 2015, pp. 115—118. 

15. Clarke J. A. Energy Simulation in Building Design. Butterworth-Heinemann, 2001. 384 p. 

16. Energy Concept for an Environmentally Sound, Reliable and Affordable Energy Supply. Federal Ministry of 

Economics and Technology. Berlin, BMWi, 2010. 32 p. Available at: https://www.osce.org/eea/ 

101047?download=true 



Russian Journal of Building Construction and Architecture  

14 

17. Höppe P. The Physiological Equivalent Temperature — a Universal Index for the Biometeorological As-

sessment of the Thermal Environment: Diss. Die Energiebilanz des Menschen. München, Fakultätfür Physik der 

Ludwig-Maximilians Universität, 1999. 156 р. 

18. Long-term Climate and Energy Strategy. Motiva OY, 2001. Available at: http://www.motiva.fi/en/ener-

gy_in_finland/national_climate_and_energy_strategy 

19. Reich D., Tutundzhyan A., Kozlov  S. Teplonasosnye klimaticheskie sistemy real'noe energosberezhenie i 

komfort [Heat pump the climate system of the real energy savings and comfort]. Energosberezhenie, 2005, 

no.  5, pp. 21−24. 

20. Second National Energy Efficiency Action Plan (NEEAP) of the Federal Republic of Germany. Federal Min-

istry of Economics and Technology. Berlin, BMWi, 2011. 110 p. 

21. Seredin P. V., Lenshin A. S., Kashkarov V. M., Lukin A. N., Arsentiev I. N., Bondarev A. D., Tarasov I. S. 

Ultrathin nano-sized Al2O3 strips on the surface of por-Si. Materials Science in Semiconductor Processing, 

2015, vol. 39, pp. 551––558. doi: 10.1016/j.mssp.2015.05.067. 

 

  


