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Abstract. The heat pumps system is one of the most remarkable system that is widely used around the
world, their capacity is different according to necessity. The energy consumption in those systems will limit
their effectiveness. This study will try to prove the positive reactance of the new changes (the additional
heat exchanger) on the heat pump work, where the power consumption will reduce about (13-17%). The
study includes the experimental results of the laboratory model, which has been manufactured in the
laboratories of the technical college of Mosul/ Northern technical university-Iraq. The model consists of the
heat pump that was improved by using the additional heat exchanger, its duty is to heat the refrigerant

before entering the compressor, by using solar energy. The results of this work prove the positive effect of
the additional heat exchanger, on the coefficient of performance of the heat pump, in both modes of heating
and cooling. The conclusions are useful to the industries that deal with heat pumps.

1 Introduction

One of the most popular systems in human life
application is the "Heat pump". Heat pumps are one of
the most effective systems that produce or remove
thermal energy[1].

The higher activity of the thermal cycle of that
system leads to wide usage around the world. In recent
years, many companies and foundations tried to improve
the heat pumps to offer the combined system in which
renewable energy is used [2]. The solar energy is the
most common type which is directly used to increase the
coefficient of performance of the heat pumps especially
in cold climate [3]. In most situations, solar energy was
used to heat the evaporator of the system to prevent its
freezing, as well as to avoid the wet refrigerant entering
the compressor. The thermal cycle of the heat pump
starts from the compression process where mechanical
energy is used for refrigerant pumping. The next process
is the heat rejection from the condenser where the
refrigerant changes its phase from gas to liquid state.
This part of the system is widely used in domestic
heating systems [4]. The refrigerant is released to the
evaporator at low pressure through the expansion device.
The evaporation process will happen under low
temperatures. To make the system works properly, the
evaporator temperature must be kept at the permissible
limit, therefore, the necessity to use solar energy will
appear [2].

In the present work, the additional heat exchanger
after the evaporator will heat the refrigerant before
entering the compressor as shown in figure (1). This
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change is very simple and maybe easily added to any
heat pump.

2 The experimental apparatus

The project as shown in figure (1) and figure (2) consists
of the two thermal systems working together. The first is
the classic heat pump including the following
components: the sealed compressor (1) having the power
of 150 w, the refrigerant condenser (2), the expansion
device (3), the evaporator (4), and the additional heat
exchanger (14) that heats the refrigerant entering the
compressor. The second thermal system may also be
called an open cycle heat pump that equalizes the
thermal effect of the first system, where it absorbs the
heat from the condenser of the classic heat pump by
evaporating the water and heating the evaporator by
condensing the water vapor. These processes are to keep
both systems working continuity and produce the
distilled water, which can be directed for different usage.

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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Fig. 1. The improved heat pump system.

exchanger added to heat the refrigerant entering the
compressor. The aim of this change is to ensure that the
dry refrigerant will enter the compressor, therefore, the
compressor still works for a long time. The other
purpose of that improvement is to reduce the power
consumption by the system, because the increment in the
pressure of the refrigerant, caused by the increment in its
temperature, will decrease the pressure difference across
the compressor.

There are many types of refrigerants used in heat
pumps. The Freon (R-134a) used in the present model. It
is selected because of its several advantages [10]. It is
nonflammable, cheap, non-toxic, available everywhere,
has no effect on the atmosphere [11], etc. The following
figure shows the representation of this system on the (P-

h) diagram.
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Fig. 2. The real experimental system.
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3 Thermal analysis

Fig. 3. The Mollier diagram.
The heat pump can be defined as the system that carries

the heat from a place that may be colder than that place The working of this system begins at the

receiving that energy [6], [7], and [8]. The classic heat
pump consists of four components: the compressor, the
refrigerant condenser, the expansion device, and the
refrigerant evaporator [9].

In typical cases, the refrigerant enters the compressor
as a saturated vapor. In this paper, the additional heat

compression process. The compressor forces the
refrigerant into the condenser by increasing its pressure
from point (1') to point (2'). The line between (1) and (2)
is the compression process in the typical situation when
the refrigerant enters the compressor at a saturated vapor
status. The power consumption by the compressor can be
determined by the following formula:
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Table 1.
Pc,j, Pc,o PE, i, PE, o, Pux.o, tc,i tc, o tE, i tE, o tHX, i tHX,0 tw {Heater
0.63 0.62 0.034 0.034 0.041 28.8 21 3.8 0.3 6.6 25.8 24 34
0.6757 0.66 0.027 0.027 0.034 30.8 21.2 4.1 0.3 6.3 26 25 35
0.70 0.69 0.069 0.069 0.062 34.1 23.6 2.9 0.3 7.3 29.6 28 41
0.765 0.744 0.069 0.069 0.069 38.1 24.7 34 1.1 7.6 32.1 30 47
0.8 0.77 0.062 0.069 0.069 38.8 25.5 3.8 -0.1 7.7 31.6 31 45

P =m(hy — h1’) (D

where P - is the power consumed by the compressor

state at saturation, and the gas entering the compressor
must be dry to avoid the inconvenience in the
COMpressor.

(kl/kg), =1(h; — hy), 4
1 - is the mass flow rate of the refrigerant (kg/s), e (s #) @
hy' - is the enthalpy of refrigerant before compression where Q. — is the heat absorbed by the evaporator

(kJ/kg), (kJ/kg);
hy' - is the refrigerant enthalpy at the entrance of the hy' - is the enthalpy of the refrigerant at the

condenser (kJ/kg). evaporator entrance (kW).

The refrigerant temperature will increase as its
pressure increases because the relationship between
pressure and temperature is direct [12]. Therefore; the
condenser works to reject the heat from the refrigerant at
constant pressure to condensate it to a liquid state. The
heat rejection by the condenser is estimated by the

The coefficient of performance, of cooling CCOP of
the heat pump, is a measure of the heat absorbed by the
evaporator of the heat pump via the power consumption
in the compressor [15]. It can be illustrated as in the
following:

following formula: CCOP= cooling effect
. work of the compressor
Qe = 1ilhyr = har) & ol thecony ©)
CCOP = —hl L

where Q. - is the heat rejected by the condenser (kW);
h3'- is the liquid refrigerant enthalpy before entering
the expansion device (kJ/kg).
The points (1,2,3 and 4) represent the typical system
where the refrigerant enters the compressor at the
saturated vapor state and exit the condenser in a

The heat pumps may be used for heating, in this case.
Here, the heating coefficient of performance (HCOP)
represented as:

saturated liquid state [13]. Dge 'to 1(')W' pressure in the heating effect
raw water vessel, the water inside it is maintained at HCOP= of th
lower temperatures as it will change into vapor state as work of the compressor (©6)
soon as the temperature raises. The cold water leads to h,—h,
P HCOP zi ,

sub-cooling the refrigerant at the end of the condensation
process. The thermal energy of the solar collector was
used to heat the refrigerant entering the compressor, to
decrease the power consumption of the system, where
the coefficient of performance of the system increased
on both thermal sides. The refrigerant leaves the
evaporator at saturated vapor status to enter the
additional heat exchanger. The heat added by the heat
exchanger is calculated by the formula (3):

Qnx = m(hf - hy), (3)

where Qux - the heat added by the heat exchanger (kW);

h;- is the refrigerant enthalpy before entering the heat
exchanger (kl/kg).

The additional heat exchanger works to superheat the
refrigerant because the compressors are designed to deal
with gases only [14].

The formula (4) is the amount of heat absorbed by
the evaporator when the refrigerant leaves the evaporator
at the saturated vapor state. In fact, the refrigerant
exiting from the evaporator will be in the super-heat
state because is very difficult to control the refrigerant

The present work tries to make a comparison
between the classic cycle (points 1,2,3 and 4) and the
improved cycle (points 1', 2', 3', and 4') to show the
effect of the additional heat exchanger on the system
performance.

4 Procedure and readings

The real system in this study is manufactured in the
technical college of Mosul — Northern technical
university/ Iraq. The purpose of system manufacturing is
to produce an economical system for water distillation.
Several readings in different conditions were taken as in
table 1.

The representation of the symbols in the table (1) and
their units are shown in the following:

Pc; — pressure of the refrigerant at the condenser
entrance, Mpa;

Pc, — pressure of the refrigerant at the condenser
exit, Mpa;
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Table 2.
hi' hy' hs' hy' hl Pc/Pe HCOP CCOP
425 508 203 200 370 18.2 3.675 2.711
426 520 205 197 365 24.5 3.351 2.436
430 491 203 201 380 10.2 4.721 3.754
432 498 204 201 380 11.1 4.455 3.500
432 500 204 201 380 12.8 4.353 3.397

Pg;i — pressure of the refrigerant at the evaporator
inlet, Mpa;

Pe;i — pressure of the refrigerant at the evaporator
outlet, Mpa;

Puxo — pressure of the refrigerant at the heat
exchanger exit, Mpa;

tci and tc,, — are the temperature of the refrigerant at
the condenser inlet and outlet respectively, °C;

tgi and tg, — are the temperature of the refrigerant at
the evaporator inlet and outlet respectively, °C;

tuxi and tux,o — are the temperature of the refrigerant
at the heat exchanger inlet and outlet respectively, °C;

tw — is the temperature of the water around the
condenser, °C;

theater — 1S the temperature water around the heat
exchanger, °C.

The enthalpy of the refrigerant at each point of the
actual cycle is found from the pressure — enthalpy (P-h)
diagram. The table (2) is showing the results of the
improved system.

The representation of the symbols in the table (2) and
their units are shown below:

h1', h2', h3', h4', and hl- are the enthalpies of the
refrigerant in the different points in the cycle as
illustrated in the figure (3), kj/kg;

PC/Pe — is the relative pressure which is equal to the
pressure inside the condenser divided by the pressure
inside the evaporator;

HCOP - is the coefficient of performance of the heat
pump in heating mode;

CCOP - is the coefficient of performance of the
cycle in cooling mode.

The following table shows the high (condenser) and
low (evaporator) pressures in both cycles.

Table 3.

Pc, Mpa Pg, Mpa
0.630 0.034
0.676 0.027
0.700 0.069
0.765 0.069
0.800 0.062

The resultant enthalpies in the case of the typical
cycle are shown in the following table:

Table 4. The resultant enthalpies in the case of the typical

cycle.
hi ho h3=hs | Pc/Pe HCOP CcCcop
370 | 430 230 18.2 3.33 2.33
365 | 435 232 245 29 1.9
380 | 427 236 10.2 4.06 3.06
380 | 430 241 11.1 3.78 2.78
380 | 432 242 12.8 3.65 2.65

The work of the heat pump depends on the pressure
difference between the condenser and the evaporator.
The relative pressure (Pc/Pe) is the dimensionless
magnitude that governs the work of the heat pumps. The
curves, in figure 4 below, illustrate the behavior of the
coefficient of performance of the system, according to
the relative pressure of the system.

The formula (7) resulted from the curve of the typical
cycle, while formula (8) present the improved system.

HCOP =-0.001Rp’ +0.0565Rp” —
—1.0412Rp +9.8745,

)

HCOP =0.0049Rp* —0.2632Rp +6.858  (8)

where Rp — is the relative pressure.
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Fig. 4. The relationship between the relative pressure and the
HCOP.

The differences in heating coefficient of performance
between the typical and the improved cycle are clear,
from the shape of the curves in figure (4) as well as the
governing equations.

The heat pumps are used for heating and cooling, so
that; the relation between the relative pressure and the
coefficient of performance in the cooling mode included
in this study is shown in figure (5).
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Fig. 5. The relationship between the relative pressure and the

CCOP.

The following formulas (9) and (10) represent what
to that get from the curves in figure (5) for both of
typical and improved situation respectively.

CCOP =—0.001Rp> +0.0565Rp* —
~1.0412Rp +8.8745

(€)

CCOP =0.0053Rp> —0.2761Rp +5.9847 (10)

5 Conclusions

1. The refrigerant heating before the compression
process will increase the coefficient of performance in
both heating and cooling situation.

2. The improvement of the heat pump by using solar
energy will raise its performance, which leads to power
consumption decrement.

3. The coefficient of performance of the heat pump is
reversely proportionate with the relative pressure of the

system.
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