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Tonoenoro npoéaemoro xomynansnoi mennoe-
HepeemuKu € 3HAUHI eUMPamu enepzopecypcie npu
8UPOOHUUMET Menn060i enepeii 6 3uMoeuil nepiood
ma xonouyiroeanns — ¢ nimniu. Tomy eenuxe 3na-
uenns nadyearomv enepzoedexmueni cucmemu Jo-
KaIbHO20 MenJoNnoCmMaManis ma KaiMamuuni cuc-
memu menno- ma Xoa000NOCMAUAHHA HA OCHO-
6i nomnoeatosanviux 0xcepen enepeii. B ocmanni
POKU WUPOKE PO3N0BCIO0NCEHH OMPUMATU MENJLO-
6i nacoci 3a yuxnom Penxina, axi euxopucmosy-
omv enepzito ammoceprozo noeimps, TpyHmy,
cmivHux 600, @ MAKONC CUCMEMU KOHOUUIIO8AHHS
3a uuxaom Maiicoyenka 3 BUKOPUCMAHHAM NCU-
Xpomempunnoi enepeii omouyiouo20 cepedosuma.
Teopemuunuii ananiz noxasye, wo Komoinauis yux
UuKAie 0036041€ 00CALHYMU BUCOKOL eHnepzoederk-
MUBHOCMI Ma CMEOPUMU NPUHUUNOBO HOBI cucme-
Mu menno- ma X01000N0CMAMAHHA NPUMiNEHD.
B oawniit po6omi npedcmasneni pesyiomamu nopie-
HANBLHOZ0 eKCNEePUMEHMANLHO20 00CTI0NHCEHN 080X
cxXem menno- ma Xon000nOCMAMAHHS, HA OCHOGI
xombinauii yuxaie Maiicoyenxa ma Penxina. Jlns
excnepumenmanviozo 00caioxcenns 6ye pospooae-
HUll excnepumenmanvhuil cmeno Kom6in068aNH020
yuray mennoeoi nomysxrcrnocmi 28 kBm 3 nomyowcuic-
mio menno6ozo nacocy 3 kBm. xoncmpyxuii cmen-
da euxopucmanuil cepitinuil MenaomacoodoMminnuil
anapam 3a M-uyuxaom, 6uz0mMOBIEHU KOMNAHI-
eto «Coolerado Corporation», CIIIA. /Jlocaioxcenns
noKasaau 6UCOKY eHepzemuyny eexmuenicmv 000x
cXeM Mennonocmauanns, AKa 6u3Ha4anacs Koe-
Qivyienmom nepemeopenns eunepeii COP 6,3-7,21
ons nepwoi cxemu ma 7,44-9,73 — ons opyeoi.
IIpu xonouuirosanni npuminenns meniosuil Hacoc
Penxina ne euxopucmosyemocs, momy ampamu
enepeii Hoymv minbku Ha poéomy eewmunsmopa
015 NPOKAUYBAHHA NOGIMPA “epe3 MeniomMacood-
Minnui anapam M-yuxay ma cucmemy KoHOUUiI0-
eanns. Koegiyienm nepemeopenns enepeii 6 yvomy
eunaoky cxaae eeauruny 10,49-16,32

Knouoei crosa: mennonocmananns, nogimpsie
onanenns, x0a000M0CMAYANHA, MENJO6Ull HACOC,
yuxn Penxina, yuxa Maiicouenxa
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1. Introduction

The problem of energy-efficient heating of living space
in winter and conditioning in summer is one of the most
difficult issues in the world as it is the most energy-inten-
sive industry consuming about 55 % of primary energy
resources. In Ukraine, the economic problems related to the
unsatisfactory technical and physical condition of central
heating are added. Therefore, the search for more efficient,
environmentally friendly and cheap installations for local
heat supply and combined climatic systems for heating and
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cooling is one of the primary problems in heat-and-power
engineering.

Current conventional schemes of local air heat supply
include various types of gas, induction, gas-generating, elec-
trode, condensing, etc. boilers. Almost all of them use fossil
fuels and thus are characterized by high costs.

The main advantage of modern boilers is high power at
a minimum size [1]. However, it should be borne in mind
that both natural and liquefied gas is fire- and explosion-ha-
zardous. In addition, when air exchange is disturbed (due to
the insufficient inflow or poor draft in the chimney), some



of the combustion products may remain in the room. This
is dangerous by carbon monoxide (CO) poisoning. Their
disadvantages also include the need for constant professional
preventive maintenance. Direct dependence of modern heat-
ing equipment on the availability of electricity is also added
for the residents of remote areas.

Infrared heating has become more widespread recently.
Such alternative heating sources are relatively inexpensive
and very easy to install. The surface of the floor, furniture, and
walls heated by infrared radiation warms the room air. Tem-
perature distribution in the room is similar to that provided
by underfloor heating systems: useless heating of air under
the ceiling is minimized. As a result, to maintain subjective
comfort, the actual temperature in the room can be reduced
to 16—18 °C. As a result, lower indoor air temperature reduces
heat loss by the building as a whole [2]. This type of heating
has several significant disadvantages such as rapid tempera-
ture fall when the heater is turned off, uneven space heating,
negative impact on the person at a long intensive influence, it
is dangerous for children and pets, and the risk of fire.

Increasing competition is created by new energy-efficient
local heat supply systems as well as climatic heating and cool-
ing systems that use renewable energy sources. This trend
is observed because of the ever-increasing cost of primary
energy resources and the heat suppliedu by central heating
systems as well as the obsolescence and energy consumption
of existing heating systems. However, the cost of unconven-
tional energy sources is still quite high and does not solve
the problem of reducing the heat supply cost in a radical way.
Therefore, improvement of existing and development of new
energy-saving technologies remain to be important in the
field of heating and cooling the living spaces.

2. Literature review and problem statement

Heat pumps (HP), which use the energy of atmospheric
air, soil, wastewater, and other renewable energy sources can
be referred to though not new but promising means of heat
supply. HP can solve current energy, environmental and
socio-economic problems in many countries. This is an envi-
ronmentally friendly type of heating, so it is not surprising to
see a constantly growing trend of modernization of existing
heating systems or the creation of new ones based on the heat
pump equipment.

It is known that the efficiency of the heat pump installa-
tions in heating, ventilation, and air conditioning systems de-
pends on the design temperature of the coolant in a particular
heat supply system and temperature of a low-potential heat
source. The HP efficiency is characterized by the coefficient
of performance (COP). It represents the ratio of the heat
obtained for heating or the heat Q removed in conditioning
to the energy N spent on the operation of a compressor and
other components of the heat pump [3-5]:

COP= beneﬁt’ =Q.
consumption  |N|

The heat pumps operating according to the Rankine
cycle provide a high coefficient of performance in a nominal
mode at a level of 3 to 5 per year. However, the loss of power
and efficiency when temperature decreases is a significant
disadvantage of these systems. It should also be noted that
they have a high unit cost (over 1000 euros per 1 kW of

installed thermal capacity) and a significant payback period
of 8..10 years. Many studies [3—8] address the elimination
of shortcomings of the use of heat pumps.

For example, [6] proposes to increase the efficiency of air
heating systems by optimizing their automation system, provi-
sion of optimal operation of the heat pump heating system, and
the engineering system. This optimization can reduce power
consumption by more than 16 %. We can say that in terms of
thermodynamics, the heat pump has reached its technologi-
cal design limit and new promising ways should be found to
improve the efficiency of the air heating systems based on it.

A heating tower heat pump (HTHP) was proposed
in [7] as an alternative to the conventional airstream heat
pump (ASHP) for heating and cooling. The HTHP features
water cooling in summer and a special system to prevent ic-
ing in winter. An experimental study and modeling of condi-
tions in buildings of Nanking, China, have shown that though
the cost of the proposed scheme is higher, the average energy
efficiency of this alternative system in summer is 23.1 %
higher than that of a heat pump due to different approaches
to water cooling. However, an increase in energy efficiency
measures only 7.4 % in winter.

The studies conducted in [8] have shown that deep recu-
peration of exhaust heat can be achieved due to a proposed
combined cooling and heating system: a dynamic exhaust
low-temperature recuperative heating system. This solves
the problem of icing of the heat pump evaporator and its low
efficiency. COP has increased by 39.5 % and was at the level
of 4.66. The efficiency of primary energy use was increased
by 3.9 %. The authors have modeled the system and analyzed
the impact of waste exhaust air to be recuperated, COP of the
heat pump, and the impact of the degree of primary energy use.
This approach used in the study makes it possible to conclude
that the use of combined schemes and efficient heat recu-
peration systems and the heat pump systems can result in
a significant COP increase.

The application of heat recuperation was studied in [9].
A heating system with a recuperation of fresh air with hot
exhaust air was considered. A prototype was built and
a parametric analysis was performed to verify the effect of
temperatures and mass flows on the performance of the heat
recuperation system. The paper presents the results of expe-
rimental studies in typical conditions that simulate the ope-
ration of heating, ventilation, and air conditioning systems
in a cold climate. It has been shown that power up to 110 W
enables savings in a cold climate and at low airflow rates of
about 0.1 kg/s and 0.005 kg/s of hot exhaust and fresh cold
air, respectively. Extrapolation calculations for higher airflow
rates show that the economical power can exceed 1 kW.

Basically, the increase in efficiency of heat pumps is en-
sured by the modernization of their elements and structures,
optimization of heat supply systems and mode parameters
of these systems. As shown by the previous work of the au-
thors [10], the Maisotsenko cycle (M-cycle in what follows)
is the further effective development of the heat pump.

One of the important properties of the M-cycle is its
high thermodynamic efficiency in the region of high am-
bient temperatures, that is, where the Rankine cycle has low
efficiency [11-13]. Environmental safety, high efficiency, low
unit cost, the design that does not contain complex compo-
nents, low operating costs are the main advantages of the
M-cycle based installations. Since all processes take place
under atmospheric conditions, there is no problem of sealing
the installation.



The M-cycle was implemented in a heat-and-mass ex-
changer of special design [14]. Heat-and-mass exchange
processes in it are close to thermodynamically reversible pro-
cesses. This makes it possible to obtain the maximum effect
of air cooling at a minimum power consumption [11-13].
In all practical cases, atmospheric air or used gas moves
through dry and wet working channels. Atmospheric air pas-
ses through the dry cooling channel in the air conditioning
systems. The exhaust gas of power installations or a cooled
working fluid (for example, in a condenser) move in power
engineering and heat-and-mass exchange technologies. The
National Renewable Energy Laboratory (NREL), USA, has
confirmed that M-cycle based air conditioners consume
almost 10 times less electricity than conventional air condi-
tioners with a compression cycle.

The absence of a high-cost compressor and refrige-
rant [13] is another important factor in the M-cycle instal-
lations. Such installations use 100 % clean ambient air. Due
to the fact that the apparatus based on the M-cycle use the
potential energy of the environment (humid atmosphere air),
the cost of the energy produced is significantly lower com-
pared to other renewable energy technologies [11-13]. The
efficiency of the heat-and-mass exchanger of indirect evapo-
rative cooling (M-cycle) can be assessed by temperatures to
which air is cooled, that is, the efficiency of cooling to the wet
thermometer temperature and to the dew point temperature.

When considering the present-day air conditioning sys-
tems, it can be concluded that almost all of them are based on
the use of the Rankine cycle. The presence of a compressor
and freon is the main cause of high power consumption by
the equipment. Therefore, all conventional air conditioners
work 85 % on already used air recycled in the room. This is
the major disadvantage of heat pumps of the Rankine cycle.

Thermodynamic analysis has led the authors to an in-
novative idea of in-series application of Maisotsenko and
Rankine cycles for more efficient use of the best qualities of
these cycles and the creation of fundamentally new efficient
systems for local heating and cooling of living spaces.

The M-cycle was implemented in a number of heat-
and-mass exchangers of indirect evaporative cooling with
a system of dry and wet channels of a small equivalent
diameter [14—18]. In practice, the M-cycle was first used
for air conditioning purposes (Fig. 1, a). Structurally, the
heat-and-mass exchanger consists of a set of propylene plates
which form a system of dry and wet channels (Fig. 1, b). The
cooling effect is achieved due to the heat-and-mass exchange
of air flows at a psychrometric temperature difference with
the heating and humidifying one (working) flow and cooling
another (auxiliary) flow [14].

To realize the processes of heat and moisture transfer with
an indirect evaporative cooling of air, it is necessary to have
two airflows:

— working airflow from which heat is removed by convec-
tion through the heat exchanger wall to the water film evapo-
rated in the wet channel. This air is cooled with a decrease in
its enthalpy, theoretically to the dew point temperature, and
then delivered to the room;

— an auxiliary flow in which atmospheric air is pre-cooled
in the dry channel and then heated and moisture saturated to
100 % in the channel with water evaporation. The process in
the auxiliary flow proceeds with increasing air enthalpy but
with maintaining its temperature. Therefore, as was defined
in [19], this air is unsuitable for indoor air cooling and is dis-
charged into the environment.
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Fig. 1. Products of Coolerado Corporation [14]:
a — air conditioner; b — Maisotsenko heat-and-mass
exchange apparatus

The authors of [14—18] have conducted studies on the
efficiency of the M-cycle in different heating systems [17],
that is, ventilation and air conditioning systems [14, 15, 18].

The paper [11] presents in detail an overview of conditions
and characteristics of indirect evaporative cooling in the M-cy-
cle and predicts a significant growth of its application in the near
future due to very low energy consumption and high efficiency.

Further studies of energy and exergy analysis and as-
sessment of the stability of the new evaporative air cooling
system based on the Maisotsenko cycle are presented in [15].
As a result of the conducted studies, optimum working tem-
peratures of the M-cycle for cooling were obtained.

The study [16] is devoted to determining the possibility of
using the M-cycle in various heating, ventilation, and air con-
ditioning systems, cooling systems, and gas turbine cycles but
unfortunately without concrete practical implementations.

The Maisotsenko cycle has a high potential for its im-
plementation in a large number of technological processes:
refrigeration and energy production, water regeneration, heat
utilization, solar and wind power installations, thermochemical
recuperation, and others. Experimental studies on the develo-
ped evaporative cooling systems according to the Maisotsenko
cycle are given in [17] and in [ 18] for climatic conditions of the
Multan region (Pakistan) and in a hot and arid Mediterranean
climate, respectively. These studies provide examples of practi-
cal use of the M-cycle and show the variety of its applications.
This allows us to assert the feasibility of further studies in the
areas of the M-cycle implementation, especially taking into
account the main advantages of the M-cycle installations.

Industrial cooling towers, air humidifiers, installations
for obtaining fresh water from industrial liquids and seawater,



air coolers at the inlet to the gas turbine, heat pumps [10] are
at the stage of study and pilot design. They are just in the
development phase today.

Analysis of published data and consideration of the
M-cycle features allow us to conclude that it is possible to
use this cycle in air recuperation based on an air heating
system. Thermodynamic analysis has led the authors to an
innovative idea of in-series application of Maisotsenko and
Rankine cycles for more efficient use of best qualities of these
cycles and the creation of fundamentally new efficient sys-
tems of local heat supply and cooling living spaces.

Based on this, a new scheme of air heat supply of living
spaces based on a combined cycle was proposed in [20]. Re-
sults of the conceptual study presented in [21] have allowed
us to conclude that it is possible to achieve higher values of
the coefficient of performance which was also supported by
patents [20, 22—24]. Further studies in this direction will
make it possible to create fundamentally new systems of
heating and cooling living spaces.

3. The aim and objectives of the study

The study objective is to perform a comparative experi-
mental study of two new schemes of heat supply to living
spaces based on a combination of Maisotsenko and Rankine
cycles and to establish a possibility of their use for cooling
living spaces in the summer season.

To achieve this objective, the following tasks were set:

— to develop two heat supply schemes based on combin-
ing the Maisotsenko and Rankine cycles;

— to design an experimental bench of the heat supply sys-
tem for the needs of heating living spaces based on combining
the Maisotsenko and Rankine cycles;

— to conduct a comparative experimental study of the ef-
ficiency of both heat supply systems for heating living spaces;

— to conduct an experimental study of the efficiency of
the system for cooling and air conditioning of living spaces.

4. The combined Maisotsenko-Rankine cycle

The authors have considered promising heating and
cooling schemes based on a combination of the above cycles.

4. 1. Heat supply

Two schemes of combined air heat supply presented in
Fig. 3, a, b were developed and studied. They include a heat-
and-mass exchanger (1) according to the Maisotsenko cycle
and a standard air heat pump TNA-15 (2) according to the
Rankine cycle [20, 22-24]. The ERV apparatus of Coolerado
Corporation, USA, was used in the scheme as a heat-and-
mass exchanger according to the Maisotsenko cycle.

Scheme 1 (Fig. 2). The installation works as follows. Air
with environmental parameters (point A, Fig. 3) enters the
M-cycle heat-and-mass exchanger (1). Air is cooled in the dry
channel (6) and then enters the wet channel (7) where it is
saturated with moisture (theoretically, up to 100 %) with an
increase in its enthalpy due to the use of psychrometric energy
of environment and recuperation of heat from the channel (8).
Next, the air, saturated in the M-cycle apparatus (point B,
Fig. 3), is directed to the condenser (3) of the Rankine heat
pump where due to heating, it achieves air parameters that meet
sanitary conditions [25] of the heating system (point C, Fig. 3).

Air from the room (point D, Fig. 3, a) enters through the
exhaust air duct the working channel (8) of the M-cycle
heat-and-mass exchanger where it is cooled to the dew point
at the channel outlet and sent to the evaporator (4) of the
heat pump (point F, Fig. 3, @). After cooling in the evapora-
tor (point E, Fig. 3, a), the air is released to the environment.
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Fig. 2. Photograph of the installation of air heat supply
according to the combined thermodynamic cycle with heat
recuperation: 1 — the M-cycle heat-and-mass exchanger;

2 — the heat pump condenser; 3 — the heat pump evaporator;
4 — the heat pump compressor

Scheme 2. This scheme [20] was previously used in the
conceptual study of the combined cycle [21]. According to
this scheme, moist air from the M-cycle apparatus is also
sent to the condenser (3) of the Rankine heat pump but after
circulation and heating in the room (point D, Fig. 3, b), it
enters the evaporator (4) of the heat pump where it is pre-
cooled (point F, Fig.3,b) and then goes further into the
working channel (8) of the M-cycle apparatus. After cooling
the airflow in the channel (8) to the dew point, moisture con-
densation begins with a release of heat which enters the wet
channel through the channel wall and is used to evaporate
water and obtain saturated air. Next, the cooled air (point E,
Fig. 3, b) is released into the atmosphere. This scheme pro-
vides a higher level of heat dissipation in the channel (8) and
its regeneration due to moisture condensation in the inter-
mediate section of the working channel (8).

The thermodynamic processes occurring in the installa-
tions are presented in the psychrometric diagram of moist
air (Fig. 4). The processes in Fig. 4, a, b depict the data ob-
tained in experimental studies (Table 1). Point A corresponds
to the parameters of the incoming atmospheric air which is
first cooled in the dry channel (6) of the M-cycle apparatus
to the dew point temperature, then enters the wet chan-
nel (7) where it is saturated with moisture and heated along
the saturation line (point B) due to the heat supply from the
dry and working channels. Heat transfer from the colder dry
channel is due to the psychrometric temperature difference
between the air in the dry channel (6) and the water film on
the wall surface of the wet channel (8). Heat transfer from
the working channel (8) to the wet channel (7) occurs by the
same principle of psychrometric temperature difference due
to the cooling of exhaust air and condensation of water vapor.
Due to humidification in the Maisotsenko heat-and-mass
exchanger and heating of the air coming from the condenser
of the Rankine heat pump (process B—C), the air parameters
corresponding to the sanitary conditions are achieved. Warm
air enters the room and mixes with room air (process C—D).
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Fig. 3. The scheme of installation of air heat supply according to the combined thermodynamic cycle:
a — with heat recuperation; b — with pre-cooling of air and heat recuperation; 1 — M-cycle heat-mass exchanger;
2 — Rankine cycle heat pump; 3 — the heat pump condenser; 4 — the heat pump evaporator; 5 — room; 6 — dry channel;
7 — wet channel; 8 — working channel
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Fig. 4. Psychrometric diagrams of the combined thermodynamic cycle:
a, b— scheme 1 and 2, respectively

The process D—Ffor scheme 1 (Fig. 4, )
is characterized by cooling the air from
the room in the working dry channel
and moisture condensation with subse-
quent cooling of air in the heat pump
evaporator (process F—E). Whereas the
process C—D for the scheme 2 (Fig. 4, b)
consists in cooling the room air and the
process D—F—E consists in cooling of the
humid air from the Rankine heat pump
evaporator (a part of the process D—F),
cooling of air to the dew point tempera-
ture (point F) in the dry channel (8) and
subsequent condensation of moisture in
it (process F—E). Thus, the process D—F—E
(except for a part of the process D—F) de-
termines the heat of recuperation (return
of heat) in the M-cycle apparatus.

The theoretical temperature of the air
released from the room (point E) may cor-
respond to the wet thermometer ambient
temperature and even below it in some
cases. This means that due to the low de-
gree of irreversibility and the high degree
of the cycle regeneration, efficiency of the
M-cycle apparatus can approach one. As is
known, the efficiency of the best industrial
heat exchangers in «dry» apparatuses is
not more than 0.7...0.75.

4. 2. Refrigeration for air conditioning

Two schemes (Fig. 3) can be used for
cooling (air conditioning) in summer and
a warm spring season. In this case, the
Rankine heat pump is turned off and only
the M-cycle heat-and-mass exchanger is
used (Fig. 5).

During cooling, atmospheric air from
the environment enters the M-cycle ap-
paratus (1) in two separate flows (Fig. 3).
One of the flows passes through the work-
ing channel (2) of the heat-and-mass ex-



changer where it is cooled and finally enters the room. The
other flow passing through the dry channel (4) and the wet
channel (3) is saturated with moisture, takes heat from the
dry and working channel and is released into the atmosphere.

points (A4, B, C, D, E, F). Thermo anemometer was installed at

the entrance to the M-cycle apparatus to measure the veloc-

ity field and determine the mass airflow (points A, E, Fig. 3).

Maximum measurement errors were, respectively, 1.7 % for
air temperature; 4.0 % for relative humidity; 2.5 %
for specific enthalpy; 1.0 % for flow rate; 1.4 % for
mass airflow; 3.9 % for heat flux; 2.0 % for electric
power of the fan and compressor of the heat pump;
5.9 % for COP.

Experimental studies were conducted in the
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Fig. 5. The scheme of the M-cycle air cooling installation:

2017-2019 winter seasons at various values of
temperature and humidity. The study results are
presented in Table 1 where ¢ is temperature, @ is
relative humidity, 4 is the enthalpy of air. The
results of calculations included determination of
the efficiency of the Maisotsenko heat-and-mass
exchanger in terms of temperature:

¢ _lp—tp

- tD_tA

n (1)

and efficiency in terms of air enthalpy because the
apparatus directly depends on the change in the
phase state of water vapor in the air:

h:hD_hE

hy—h, 2

n

1 — the M-cycle heat-and-mass exchanger; 2 — the working channel;

3 — the damp channel; 4 — the dry channel; 5 — the room

Theoretically, air can reach the dew point temperature
at the outlet of the channel (2) due to the sufficiently large
length of this channel but it is more appropriate to create
apparatuses that cool the air slightly below the wet ther-
mometer temperature.

5. The results obtained in the experimental study
of the new schemes of local heat supply and cooling based
on the Maisotsenko cycle

5. 1. Heat supply

An experimental bench of the combined cycle of thermal
power of 28 kW in which power of the Rankine cycle heat
pump is 3kW was designed and constructed for experi-
mental study of both schemes. The
bench design uses a serial M-cycle
heat-and-mass exchanger manufac-

The overall efficiency of the combined cycle
installation was determined using the COP:

COP= My (3)
N, +Ny

where Q,, =G-(h,—h,) is the heat flow that enters the
airflow in the dry and wet channels of the M-cycle appa-
ratus, W; Q,, =G-(h, —hy) is the heat flow coming to the
airflow from the heat pump condenser, W; N, is the fan
power for pumping air through the M-cycle heat-and-mass
exchanger, W; Npp is the heat pump power, W; G=p-w@- [ is
mass airflow, kg/s; p is the air density, kg/m?; @ is the aver-
age airflow rate in the air duct, m/s; f is the cross-sectional
area of the air duct, m2.

The mass airflow rate was 0.33 kg/s for all experiments.
The calculation results are given in Table 2.

Table 1

Input experimental data and calculation results

tured by Coolerado Corporation, - -
. The installation scheme

USA, (Fig. 2). No. Parameters 1 5 1 9 1 9 1 5 1 9

The measurement system inclu-
ded determination of all parameters 1 | Ambient air properties (p. A) 4 OC ~10] 5] 9108/ 6]09] 3|15/ 1|4
which are necessary for determining 9% | 63180 |58]|65]|50|63.5] 65| 60|60 |70
the efficiency of the M-cycle ap- Properties of air after passing | £,°C | 4 [35| 4 | 6 | 4 [11.4]73|87| 8 |87
aratus and total efficiency of the 2 | moist channels of the M-cy- —
?nstallation (orapasation Oiﬁ o e cle apparatus (p. B) 0% (100100 | 100|100 | 100 | 100|100 [ 100|100 | 100
sanitary HOI‘HIS). The parameters 3 Ventﬂationdischargefromthe t,°C | 16 | 18 | 15 |18.4| 16 [21.2] 19 |18.8| 18 [16.4
include temperature, relative hu- room (p. D) Q% | 35| 45| 40 | 36 | 40 |42.7] 35 | 43 | 42 | 52
midity, and mass airflow. For this 4 | Airproperties after passing the | £, °ClOo |73 1 |7 |1 ]10] 49|58
purpose, standard resistance (cop- M-cycle apparatus (p. F)) ¢, % | 100| 90 | 100 | 77 {100 | 87 [100| 82 [ 100 | 84
per) temperature transducers and Properties of the air dischar- | , o |_35|_02|-25/ 07| =6 [ 39| 0 | 42| 2 |52
hygrometers (standard converters 5 |ged into atmosphere after '
of hgmidity gf capacitive type) passing the M-cycle appara- | o "o, | 100 100 | 100 | 98 | 100 | 100 | 100 | 100|100 | 100
were installed in air ducts in control tus (p. £)




Table 2

Input experimental data and calculation results

The installation scheme

No. Parameters
1 2 1 2 1 2 1 2 1 2
1 | Efficiency of the M-cycle apparatus in terms of temperature, % | 62.3 | 79.1 | 58.1 | 92.2 | 68.0 | 85.2 | 68.1 | 84.4 | 72.0 | 90.3
Efficiency of the M-cycle apparatus in terms of enthalpy, % 492 | 719 | 44.4 | 776 | 52.1 | 70.2 | 48.0 | 61.1 | 50.3 | 66.7
3 | COP 721 (744|703 746|703 973|684 |839| 63 | 874

The efficiency of the M-cycle apparatus in terms of
temperature was from 58.1 to 72.0 % for scheme 1 (Table 2)
and from 79.1 to 92.2 % for scheme 2. Lower efficiency for
scheme 1 is explained by the failure to achieve condensation
of water vapor in the channel (8). Since temperature and
enthalpy of air at the outlet of the M-cycle apparatus were
above atmospheric conditions in all cases, the requirements
for complete cooling of the flow in dry channels of the
M-cycle apparatus have not been fulfilled. The coefficient
of performance was 6.3-7.21 for scheme 1 and 7.44-9.73 for
scheme 2. This is explained by the fact that additional heat
for the circuit 2 was obtained in the working channel (8) due
to pre-cooling of the exhaust air by the heat pump evapora-
tor (4) and condensation of moisture in the channel (8).

3. 2. Air cooling

Energy for air conditioning was consumed exclusively by
the fans for air transportation, so the installation efficiency
when working for the needs of refrigeration was determined
by the coefficient of performance COP from the equation:

(hA _hB)' m.
NERV

COP= QERV —
NERV

(4)

In the experimental study in the 2018 summer season, the
airflow rate was 0.816 kg/s or 2,300 m?/h. Experiments have
shown (Table 3) that the COP value of the M-cycle heat-
and-mass exchanger varied from 10.49 to 16.32 at a relative
humidity of 19.6 to 38.8 %. Some temperature difference at
points A and C was caused by the imperfect nature of the
Maisotsenko cycle.

Experimental studies were conducted with air condi-
tioning without air recirculation, that is, with a supply of
completely fresh air from the environment in contrast to
conventional air conditioning systems in which the degree of
recirculation is not less than 80 %.

The COP cycle increased significantly with air recircu-
lation. Even higher efficiency can be obtained if the room is
cooled in a closed air loop, such as at service or data centers.

6. Discussion of the results obtained in the study
of new schemes of local heat supply and cooling based
on the Maisotsenko cycle

The high efficiency of the heat supply system (Table 2) is
explained by the combination of the M-cycle heat-and-mass
exchanger and the Rankine cycle heat pump.

Due to the receipt of additional energy from the environ-
ment and almost complete utilization of heat emissions by the
M-cycle apparatus (Table 2), air from the environment is heated
and humidified in the cold season. Air is further heated by the
heat pump to the conditions specified by sanitary norms.

From the point of view of the operation, the presented
schemes for heating have restrictions on ambient tempera-
ture as the Maisotsenko apparatus is structurally executed
as a heat-and-mass exchanger with a system of dry and damp
channels. Walls of wet channels are covered with water
which can freeze at very low temperatures. However, since
the water layer is very thin and actively evaporates, the
apparatus works in a normal mode, even at temperatures
down to —12 °C. For the needs of air conditioning in rooms,
the efficiency of the Maisotsenko apparatus deteriorates
at relative humidity more than 80 %. At relative humidity
more than 95 %, the apparatus will not work as the cooling
process occurs due to the evaporation of the water film in the
airflow. The evaporation process is weak or virtually absent
at this relative humidity. Also, the constant need to feed the
installation with water imposes restrictions on operation in
countries where water is in deficiency. Water is evaporated
and discharged. Its consumption is at a level of 6 g for every
1 m?® of air. It is possible to create a closed-loop installation or
return water but this measure reduces the COP.

The disadvantage is the small array of experimental data
obtained and the fact that all experimental studies were
conducted only within the Kyiv region. Performing an expe-
rimental study on a larger scale and in various global climatic
conditions is a promising way to improve the results.

Elaboration of new schemes and the use of a more advanced
heat pump and the structurally better Maisotsenko apparatus

built from modern materials is the
Table 3 direct achievement of this study.

The results of experimental study in the 2018 summer season

Fresh air properties at . . .
the exit frorI; tll1)e working Damp air properties at 7. Conclusions
. . . the exit from the M-cycle
Ambient air properties channel of the M-cycle ratus (discharge t

No. apparatus (before entering | P pti:ensvirorsﬁnjnf)e 0 COP 1. Two new schemes of air heat
the room) supply installations according to the
p.A p.B p.C combined cycle have been develo-
t°C | 0% [hkj/ke| ¢.°C | 0% [hkj/keg| t.°C | @,% [hKk)/ke ped. They includci a heat-and-mass
1| 269 | 388 49 18 63.6 39 23 100 64 1166 | exchanger according to the Maiso-
2| 29 | 30 | 48 | 21 | 46 39 | 225 | 100 | 66 | 1049 | senko cycleand an air heat pump

5 322 | 196 | 45 | 176 | 445 | 34 | 2 | 100 | 76 | tes | 2ccordingto the Rankine cycle.
- - - - - 2. An experimental bench of the
4] 27 [ 55 [ 49 | 19 [ 60 | 40 [ 2385 [ 100 | 67 [ 1049 | hearsupply system for the needs of




room heating has been designed on the basis of combining the
Maisotsenko and Rankine cycles.

3. Experimental studies confirmed the high energy effi-
ciency of both schemes: COP was 6.3-7.21 for scheme 1 and
7.44-9.73 for scheme 2. The higher values of COP according
to scheme 2 are due to cooling of the air in the heat pump
evaporator before recuperation in the M-cycle heat-and-mass
exchanger and moisture condensation in the working channel.
In general, the high COP of both schemes is explained by the
use of the psychrometric energy of the environment and the

high degree of heat regeneration in the M-cycle heat-and-
mass exchanger.

4. When conditioning air in the combined scheme, the
Rankine heat pump was not used, so the energy was con-
sumed only by the fan to pump air through the M-cycle
heat-and-mass exchanger. Experimental studies of the heat-
and-mass exchanger operating according to the Maisotsenko
cycle have shown record COP values: 10.49-16.32. This fi-
gure is much higher than that with conventional compression
heat pumps in which COP is 2 to 5.
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Ceimosa enepeemuuna Kpu3a ma exosoziuii npooaemu cno-
HYKAAU cmpimie 36invuenHs 001 2eHepauii eJlekmpoenepeii 6io-
HogmosamvHuMu 0vcepenamu. Ipome, pexcumu pobomu maxux
eHepzonomyxicHocmell € 00CUMb HePiBHOMIPHUMU NPOMA2OM
do6u. Tax, 0na enepeemuru Ginvuwocmi Kpain, wo po3eusaomv-
€51, ma 4acmunu po3eUHEHUX Kpain maxi KOAUBAHHS 6 3a2ajlb-
HOMY Oananci emepeosupodimky npuseo0smv 00 NPUMYCOB020
oomesicenns nomyvcnocmi oonaonanns na TEC, a6o i 0o nosnoi
3YNuHKU eHepz0010KiE.

Heoocmamnsa xinvkicmos maneeposux nomyxycHocmeii 6 3a-
20IbHOMY eHepP202eHePYIOMOMY GANAHCI € XaPaKmepHo0 PUcoro
enepeocucmem maxux kpain ax Pocilicoxa @Dedepauis, Yipaina,
Maxeoonisn, Boneapin, Pymynisn, Apzenmuna ma nHusku inwux.
Hecmaua maxux nomysjcnocmeil 4acmo KOMNEHCYEMvbCa 3a
paxynox nunogyzinvnux 0n0kie nomyxcruicmio 200—300 MBm,
wWo 3anyuaomvcs 00 podOmMU 6 HANIBNIKOBUX MA NIKOBUX PeEHCU-
max. Jlane 061a0HaHHA NPOEKMHO He NPUCMOCOBAHO 00 MAKOi
pobomu. Tomy 05 3anobieanns nepecuacHozo 3HOUEHHS 2eHepy -
104020 ycmamxysanns TEC npononyemovcs po3pooxa pexcummo-
20 Memo0Yy YnpaeiHHs pecypCcom.

Ha 6a3i mexniunozo ayoumy excniyamauiiinoi 00kymenmauii
2eHepYIOUUX KOMNAHIIL, 3aNPONOHOBAHO MEMO0, CNPAMOBAHUI HA
NPOZHO3YBAHHA PAUIOHATILHUX PECYPCOOUAOHUX PeNHCUMIE POOO-
mu 6UCOKOMEMNEPAMYPHUX eJIeMEHMIE eHepeemu1Hoz20 001a0-
HAHHA WIAXOM ONMUMI3AYil 001508020 6I0HOUEHHS HUCLA NYC-
Ki6 ycmamxyeanus 3 pisHux mennosux cmauie. Cpopmynvosano
3a0avy onmumizauii, KA NOJIAAE Y GUSHAMEHHI MAK020 PO3NO-
0iJ1y KOHCMPYKMUBHO-MEXHON0ZIMHUX NAPAMEempPié NPpouecy, o
3a0esnewyoms maxcumaivie 30epejcenHs pecypcy 00aa0HaH-
Ha. Ax yinrvosy Qynxuito 3adauwi onmumizauii odpano 3anuut-
xoeuil pecypc. Pospobnenuii memoo npedcmasneno y euznsoi
KOMNJAEKCHOT cucmemu OUiHKU MAa NPozHO3YEAHHA PAUIOHATIL-
HUX PeNHCUMIB excnayamauii 6UCOKOMeMnepamypHux ejiemMeHmis
TEC, wio dae moxcaugicmo 6usHaueHHs iHOUsioyanvHux pecyp-
CHUX NOKA3ZHUKIE HA NPOMA3L 6Cb020 HACY eKCnayamauii 001ao-
HaHHA O YCIX MONCIUGUX MAUOYMHIX KOMOIHAuil pexncumie
poGomu ma 3zenepyeamu NPoOzZHO3U 0L MUCAY PIZHUX 8apianmie
Ppescumnol excnayamauii enepzo6.loKy, 3 po3PaxyHKom pecypc-
HUX NOKA3HUKIG OIS KOXCHOZ20 3 HUX

Kniouoei cnosa: mennosa enexmpocmanyis, emepzo0ox,
NOWKO00IHCYBAHICHTL, 3ATUMKOBUIL PECYPC, NPOZHOIYEAHHSL, ONMU-
Mizauis
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volve base and semi-base TPP energy units to control power

in the grid. However, such equipment is not designed to

An important issue related to the energy systems of many
countries, including parts of Europe, the CIS, Argentina,
and South Africa, is the lack of peak capacities in the overall
generating energy balance. As a result, there is a need to in-

operate under frequent variable modes. Violating the service
regulations, caused by the necessity of excessively frequent
launches and stops of power units, leads to a sharp decrease
in the lifetime of the specified power units [1].



