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Annotation: The article analyzes the energy generated by the external energy receiver in a heat pump
heating system as a result of the system's interaction with the environment until the thermodynamic
equilibrium is established, and defines this energy as X energy. The state of this energy is studied in 'lim.
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Today, in the context of declining global reserves of hydrocarbons in developed and developing
countries, the practical use of alternative energy sources as one of the most important factors in sustainable
economic development and competitiveness is one of the most pressing issues of the era . being carried
out. One of the important directions in this regard is the use of heat pumps based on renewable energy
sources for individual households in rural areas. The creation of efficient heat supply systems is a
requirement of the period. Since the heat pump heating system has a large amount of energy flow, which
differs both in quality and quantity, The only measure of the evaluation we can obtain is the X energy of this
work. We can look at this energy as an interaction with the environment by an external energy receiver until
its thermodynamic equilibrium is established.

The mathematical model of X energy flows in a heat pump heating system allows not only to
evaluate the efficiency of the whole installation but also to analyze the heat exchange of individual heat carrier
flows in each processing device in the system.

The functional diagram of a heat pump heating system (Figure 1) shows the X energy flows entering
the elements of the heating system.
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(Figure 1) Functional diagram of a heat pump heating system

In the functional scheme of the heating system, the following symbols are adopted
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XEp vir s XE} cnig - X energy of low-potential heat carrier (water) in the inlet and outlet areas of the
evaporator, respectively, kJ / kg.

XE) s XE,fcmq Exergy X energy of high-potential cooling water in the inlet and outlet areas of the
condenser, respectlvely, kJ / kg.

XEX 0 X E,fé‘hiq - X energy of the coolant (chlodagen) in the inlet and outlet areas of the condenser,
kJ / kg.

XEXA i XEFA chig - - X energy of the coolant in the inlet and outlet areas of the compressor, kJ /
kg.

XEX4 .., XEXA chig - X energy of the coolant in the inlet and outlet areas of the throttle, kJ / kg.

AXE,' - X energy loss in the evaporator, kJ / kg.

AXEyom isn - 10ss of X energy in the compressor under the influence of friction, kJ / kg.

AXEomin - X energy loss in the compressor, kJ / kg.

AXE,,,, - X energy loss in the capacitor, kJ / kg.

AXE,, - X energy loss in the throttle, kJ / kg.

The total thermal X energy of a low and high potential heat carrier (water) is expressed as follows:
XEi = Gi "€ (11)
Where G; - heat transfer fluid consumption, kg / s;
e; - specific X energy of the liquid flow at the appropriate temperature, kJ / kg

The specific X energy of the fluid flow, kJ / kg, is determined as follows.

e =T hy
where t;- - the thermodynamic function of the cooling water flow, determined by the formula
_ (273 + trm)
T, = Ti

Here, t;,, the temperature of the external environment °C;
T; - temperature of the liquid at a certain point °C;
h; - enthalpy of the medium at a given point, kJ / kg.

The X energy of a low-potential heat carrier (water) is as follows.
XEp ir = Gp " € i = Th iy * (1.2)

Here, h, - enthalpy of xlodgen before evaporator, kJ / kg;
T} i - Thermodynamic function of low-potential chlodagen at the entrance to the evaporator.

(273+tem)
Tgkir =1- t})uk_tm ) (1-3)
T/ i~ temperature at which the low- potential xlodgen enters the evaporator, K
Conclusion XEp .0 = Gp " €} cpig = Th cnig " P13 (1.4
p _ (273+trm) .
Thchig = L= —p— ; (1.5)
b chiq

Here h,is the enthalpy of chlodagen after evaporation, kJ / kg;

Tg’cmq evaporator temperature of low-potential chlodagen, K
Similarly, the X energy of a high-potential heat carrier is as follows.

yu yu yu |
XEj wir = Gyu " € pir = Tiekir * Naa (1.6)
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Here, h,,is the enthalpy of xlodgen before the evaporator, kJ / kg, where the thermodynamic function of the
low-potential coolant entering the condenser is as follows.

yu _ 4 @273+tem).
Tk kir — 1 Il g (1-7)
k kir

Here T,S’Ziris the temperature at which the high-potential chlodagen exits the heat pump heating system, K.
The thermodynamic function of the X energy of the chlodagen before and after the compressor is
expressed as follows.

XEkom kir — GXA ' elf;lm kir = Tli(:)‘lm kir * hl ; (18)
Tkomkir = 1 — % ; (1.9

XEkom chiq — = Gxa- el)c((;lm chig = Tlfglm chiq ’ haa ; (1.10)
T chig = 1 = et (1.11)

The energy of chlodagen for the remaining areas of the heat pump heating system, for the condenser

XEkon kir — XEkom chlq; (1-12)

XEkon chiq = = Gxa - ekon chiq = Tlféqn chiq hs; (1.13)
Tkon chig = 1+~ (227:3;3:1) ; (1.14)

for the throttle

XEkom chiq — = XEdr le' ; (1-15)

XEdr chiq — GXA edr chiqg = Tgl(fchiq ) h4 , (1-16)
75 chig = 1~ % ; (1.17)

To develop a mathematical model of X energy flows, it is necessary to define the concepts of “product X
energy” and “heat X energy”. “Product exergy” includes X energy produced by a high-potential heat carrier
in a condenser and an intermediate heat exchanger. the “heat X energy” consists of the water vapor in the
evaporator, the X energy given for the cycle in the heat pump heating system, and the X energy given to the
refrigerant during the compression process.

The total X energy of a heat pump heating system using a heat carrier is as follows

(XEb kir XElz:chlq + XEb kir XEli(?hlq AXEb ) + (XEkom kir XEkom chiq + AXEk;)m ish —

AXEkom m) + (XEkon kir XEkon chiq + XE,f;'tn kir XE}féln chiq AXEkon) + (XEdr kir XEdr chiq —
AXEg) + Epgs =0 ; (1.18)

“Product “Product Exergy” is equivalent to the following;

XElz))klr + XEIf;Ln kir + AXEk:)m ish + Enas XEgchlq + XEIf:n chiq + AXEb, + AXEk:)m in + +AXEd;‘ ;
(1.19)

Here E, . X of the pump power
Enas = Nss + Nig + Neyp 5 (1.20)

A Bi-Monthly, Peer Reviewed International Journal [232]
Volume 3


https://zienjournals.com/

Texas Journal of Multidisciplinary Studies ISSN NO: 2770-0003
https://zienjournals.com Date of Publication: 24-12-2021

Here the N, N;¢, N, power of the pump to actuate the high-potential coolant, heat-carrying fluid, and liquid
waste storage tank waste, V1.

The X energy loss in the sections of a heat pump heating system can be expressed by the following
equation.

AXE) = TII; (hy — hy) = [(hy —hy) — (273 + ty 1) (ty — t1)] 5 (1.21)
AXEon = (hag — h3) — (273 + tp ) (t2q — t3) — TE (hyq — h3); (1.22)
AXEg = (273 + tem) (ty — t3) (1.23)

’ (hzq—hq) .
AXEkom ish — m - (hZa - hl) ) (1-24)
AXEpomin = (273 + tpm) (taqg — t1) ; (1.25)

Here nxom »Mea 1S the efficiency of the compressor and its electric motor.

The X energy of the cooling water at each individual point is determined taking into account the
ambient temperature, so the limit values are determined in the calculation. The advantage of X energy balance
is that it takes into account the effect of heat.

In this case, the "heat X energy" is as follows
Eig = AXEom isn + Enas ; (1.26)
The efficiency of X is equal to
_ XEgd’liq-'—XEI{léhiq : (1.27)
AXEkom ish+EnaS
The resulting X energy model allows the detection and analysis of energy flows of a heat pump
heating system , as well as the detection of energy effects in the system.
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