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Abstract

Resume. The development of the heat pump market ensures the growth of energy prices, the fight against global
warming and the stimulation of the growth rates of countries in transition to "clean energy sources". the most
environmentally friendly and energy efficient, taking into account the cost of their installation and the impact of air
source heat pumps compared to geothermal ones. However, their use in countries with cold climates is limited by the
formation of frost on the evaporator unit heat exchanger, which significantly increases their heating capacity and
conversion efficiency.

Purpose of research. The purpose of this work is to compare the efficiency of heat pumps with an evaporative circuit
heat exchanger manufactured by MITSUI (Japan) and a heat exchanger with a MOVEBIT defroster manufactured by
ALTEC (Russia).

Methods. The research methodology is based on large laboratory tests of an evaporator with an oscillatory circuit of
the MOVEBIT system (ALTEK - Russia) and an industrial heat exchanger MITSUI (Japan), a graphical analysis of the
operation of a heat pump with common evaporators, and a theoretical substantiation of the transformation ratio. To
compare the main standardized performance indicators, the transformation coefficient (COP — coefficient of
performance) is used, showing the ratio of received energy to applied work.

Results. The analysis of the results of the heat pump operation showed that while maintaining the humidity at a
constant level of ¢ = 65% and lowering the temperature from +10°C to +5°C, a decrease in the heat output of the unit
is observed, regardless of the type of MOVEBIT and MITSUI heat exchanger, which is explained by the formation of
condensate. With a further decrease in temperature to zero and below, ice forms on the evaporator of the heat
exchanger. Taking into account the cost of removing ice on the MITSUI heat exchanger, the transformation ratio of
the heat pump unit (HPU) is 2.08. The removal of ice by the MOVEBIT system practically does not require additional
costs and the transformation ratio of the installation is 4.45, which is similar to the operation of an air source heat
pump at positive temperatures.

Conclusion. Our studies show that the best prospect for de-icing is the application of mechanical oscillations with the
use of magneto-constrictive transducers. The COP of the air source heat pump with the MOVEBIT system exceeds
the COP of the heat pump with the MITSUI standard evaporator by 2 times at a temperature of 0°C and below.
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A hekTMBHOCTL paGoThl BO3AYLWHbIX TENMOBLIX HACOCOB
C UcnapuTensimm pasfiMiyHbIX KOHCTPYKLUUNA
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Pesiome

Passumue pbIHKa MenoebiX Hacoco8 00byCriosrieHO POCMOM UEH Ha 3SHepaopecypcbl, bopbboli ¢ ernobarnbHbiM
romernsieHUeM U CMUMYJ/IUPO8aHUEM rpasumesibcmeamu pa3sumbiX cmpaH repexoda Ha «4ucmble UCMOYHUKU
aHepauu». Hauboriee akonoaudecku 6e30nacHbIMU U SHEP203GhGhEKMUBHBIMU C Yy4emoM 3ampam Ha UX MpoKnadky u
SKCrTyamayuto s1e1sitomcest 6030y WHbIE MEerioable HAacoChl 110 CPaBHEHUIO ¢ 2eomepMaribHbiMU. OOHaKo UX MpuMeHeHuUe
8 CmpaHax C XOr00HbIM KITUMamom o2paHU4eHo obpa3ogaHueMm Haredu Ha mensoobMeHHUKe ucrnapumerisHo2o brioka,
4Ymo 3Ha4YUMesIbHO CHUXXaem Ux mersionpou3eodumerisHOCMb U KoaghghuyueHm rpeobpa3osaHusi.

Uenb uccnedoeaHusi. Llenbio Hacmoswel pabomsbi si8519emcsi cpagHeHue aghghekmusHocmu pabomel Mernsiosbix
Hacoco8 ¢ mernoobMeHHUKOM UcrapumesibHo20 KoHmypa rnpousgodcmea MITSUI (FnoHusi) u mennoobmMeHHUKa ¢
aHmuobnedeHumesnem MOVEBIT npoussodcmea AJITEK (Poccusi).

MemoOdsi. Memodornozusi uccriedogaHusi bazupyemcsi Ha rposedeHuu nabopamopHbIX ucnbimaHull ucrnapumerns ¢
KonebamernbHbiM KoHmypom cucmembl MOVEBIT (AJITOK — Poccusi)) u mennoobMeHHUKa MpOMbILUIIEHHO20
npoussodcmea MITSUI (AnoHusi), epaghoaHanumuyeckoeo aHanusa pabombi mMernnogo20 Hacoca C PasfuyHbIMU
ucrniapumernsmu, meopemu4ecko2o0 060CHO8aHUSI MOJTyYEHHbIX 3Ha4YeHull KoaghgpuyueHma mpaHcgopmayuu. s
CpaBHEHUsT OCHOBHbIX CmMaHOapmu3UpOBaHHbIX IKCIIyamayUOHHbIX rokasamesiel ucronb3yemcsi KoaghhuyueHm
mpaHcgopmayuu (COP), noka3sbigarowuli omHoweHue nosy4eHHoU sHepauu K 3ampaqyeHHou pabome.
Pe3ynbmamsl. AHanu3 pesyribmamoe pabomb! Mernio8020 Hacoca 1okKa3arsl, Ymo Mpu coxpaHeHUU 81axHoCmu Ha
MOCMOSHHOM yposHe ¢ = 65% u noHwkeHuu memnepamypbi ¢ +10°C do -5°C Habrirodaemcs CHUWXeHue menno-
npoussodumernibHOCMU ycmaHo8Ku, He3asucumo om euda mennoobmeHHuka MOVEBIT u MITSUI. OdHako npu uc-
nonb3osaHuu mennoobmeHHuka MOVEBIT mennonpoudsodumernsHocmb ycmaHosku Ha 10,1% ebiwe, 4em ¢
mernnoobmerHHukom MITSUI. Omo obbsicHsiemcs Hanu4duem Ha ucnapumene mennoobmeHHuka MITSUI Hanedu,
yMeHbwarwel e2o mennonepedarouyue crnocobHocmu.

3aknroyeHue. [posedeHHbIe Hamu uccriedosaHus rokasarsu, 4Ymo Haubosee nepcrekmueHbIM crnocobom ydaneHusi
Hanedu sensemcsi npuUMeHeHUe MexaHu4Yeckux konebaHuli ¢ MOMOWbO Ma2HUMOCMPUKUUOHHbIX U3sriydamerned.
COP 8030ywHo20 mennogo2o Hacoca ¢ cucmemol MOVEBIT npeesiwaem COP mennogo2o Hacoca cO cmak-
OapmHbim ucriapumenem MITSUI e 2 paza npu memnepamype 0°C u Huxe.

Knrodeenble cnoea: menogoli Hacoc; ucrapumersis, Hanedb;, KoaghghuyueHm mpaHcgopmauyuu; sHepaornompebrieHue;
mensnonpou3eoduUMeribHOCMb.

KoHgpriukm unmepecoe: Asmopbi deKkriapupyrom omcymcmeue Si8HbIX U MomeHyuanbHbIX KOHQIUKMOo8 uHmepe-
€08, c8s3aHHbIX € nybnukayuel Hacmoswel cmambu.

®duHaHcupoeaHue. [JaHHas paboma nposodunacb 8 paMKax peanu3ayuu rnpozspammbl MO0OOEPKKU 8Y308
"Mpuopumem 2030" Ha 6a3e benzopodckozo eocydapcmeeHHO20 MeXHOI02U4ecKko20 yHusepcumema um. B.I
Llyxoea ¢ ucnonb3osaHuem obopydosaHus LleHmpa ebicokux mexHosnoaud rpu 6I'TY um. B.I". LLlyxosa.
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Introduction

The development of the heat pump
market is resulted from the rising of ener-
gy prices, the fight against global warming
and stimulating the transition to "clean en-
ergy sources" by the governments of de-
veloped countries. The Russian govern-
ment, like other advanced countries of the
world, has focused on the influx of new
promising projects [1]. The general global
trend of transition of heat supply of engi-
neering systems to the use of renewable
energy sources should be noted [2-4], as
well as secondary thermal emissions using
heat pumps [5-7]. All types of air source
heat pump evaporators carry out heat ex-
change between air and the refrigerant
passing through the vapor-liquid phase.
The efficiency of heat transfer is deter-
mined by factors such as the speed of the
refrigerant, its quantity, temperature dif-
ference, the material of the heat exchanger,
the shape, the presence of various deposits
in the form of dust, ice. The existence of
various types of evaporators is motivated
by the design requirements and technical
conditions for a heat pump [8-12]. The
most environmentally friendly and energy
efficient, taking into account the cost of
their installation and operation, are air
source heat pumps compared to geother-
mal ones [13]. However, their use in coun-
tries with cold climates is limited by the

lModnucaHa e neyams 19.05.2023

Ony6nukosaHa 02.08.2023

formation of frost on the heat exchanger of
the evaporator unit, which significantly
reduces their heating capacity and conver-
sion efficiency. Our studies have shown
that the most promising way to remove
frost is the use of mechanical oscillations
with the use of magneto-constrictive trans-
ducers [14].

The purpose of this work is to com-
pare the efficiency of heat pumps with an
evaporative circuit heat exchanger manu-
factured by MITSUI (Japan) and a heat
exchanger with a MOVEBIT defroster
manufactured by ALTEC (Russia) [15].
To compare the main standardized perfor-
mance indicators, COP is used — the coef-
ficient of performance, which shows the
ratio of the received energy O, to the ener-
gy loss for its transformation Q;, which in-
cludes the costs of the compressor, fans
and consumption of wvarious electronic
equipment responsible for the operation of
the heat pump.

Materials and methods

Due to the of lack of mass-produced
air source heat pumps capable of operating
with zero overheating on the market , a
number of changes were made to the
equipment used in the tests: an after-boil
receiver tank was additionally installed on
the suction line, and the throttle device
was equipped with a stepper motor with
electronic control of the refrigerant supply,
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for visual control, sight glasses were in-
stalled in the liquid and gas lines. In labor-
atory tests, a 9m? refrigerator, an ultrasonic
air humidifier in the refrigerator, an air
heat pump with electronic throttling con-
trol, a heat exchanger manufactured by
ALTEK (Russia), a heat exchanger manu-
factured by MITSUI (Japan), and measur-
ing equipment TESTO (Germany) were
used. As part of laboratory tests, it was de-
cided to take into account the cost of elec-
tricity for the operation of the compressor,
respectively Q;, watt (W):

0=L+0,-0,, (1)

notation Oy — the energy costs for frost
control, W;

L — the indicated output, W;

0O, — the expenditure of energy con-
sumed by EEV (electronic expansion
valve), fans of the outdoor and indoor
units, Wt.

The evaporator cooling capacity Q.,
which is designed for laboratory testing
purposes, is determined by equation, W:

9,=2%Y. @

K

notation Qi — the total refrigerant heat re-
jection effect, W;

Qi — the heating capacity of the com-
pressor, .

The selection of the evaporator area
F, is carried out according to the formula
[16], W-

9
F,=—=
v €)

u m

The mean temperature difference in
the evaporator 4t,,°C:

Aty =% (4)
notation A#, u At — the highest or the low-
est differential temperature between the
heat-transfers at the inlet and outlet of the

heat exchanger respectively, °C;

At =t —t,;

Aty =t; —t,;

t1i — the air inlet temperature of the
evaporator, °C;

1 — the boiling point of the refrigerant, °C;

t; — the air downstream temperature of
the evaporator, °C.

A new generation evaporator with an
oscillatory circuit of the MOVEBIT sys-
tem has passed a series of tests and has
shown its promise. The surface of the heat
exchanger is 6 m”. Subtracting rounding
angles and other elements that do not af-
fect the heat transfer process, we take the
surface F; equal to 5.9 m?,

The capacity of the (axial) fan is
700 m*/h.

We find the heat output by the formu-
la, W

QmZP'S'V'C'(fz—fl), (5)

notation: p — the air density — 1.2041
kg/m’® at t; = 20°C;

S — the area of the cross-section of the
airway — 0.0177 m?;

On — the air flow rate, m/s [annex 15
table 1];

t; — the air inlet temperature of the
condenser, °C [annex 11 table 1];
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t> — the air downstream temperature of
the condenser, °C [annex 12 table 1];

¢ — the heat capacity volume of the air —
1050 J/kg-K.

Calculation of the cost of electricity
for defrosting the evaporator is based on
the calculation of condensate on the evap-
orator and the cost of energy for its re-
moval by means of electrical heating. The
calculation is carried out according to the

equation:

Qr :p-V-l-mK +p-V-c-mK At (6)

notation: A— the specific melting heat of
ice is taken — 340 KJ/kg;

mi — the specific ice mass (conden-
sate), kg;

c — the specific heat (for ice 2.1 KJ/kg °C);

At — the difference between the initial
ice temperature and the melting point °C;

p — the air density, kg/m’;

V' — the air mass passing through the
evaporator, m>.

The amount of condensate crystalliz-
ing on the surface of the evaporator during
the passage of an air flow with a volume
(V = 1 m®) through the evaporator in the
form of ice and frost is calculated by the

formula;:

_ dn—d;
m= — 7
/ 103 ’ ( )

notation: d, — the moisture content of the
external air, g/kg;

d; — the moisture content of the air at
the boiling point of the refrigerant in the
evaporator (the figure is taken according to
the i-d diagram), g/kg.

Results and discussion

Tests of the heat pump unit (HPU)
were carried out at outdoor temperatures
of -5, 0, 5.10 °C. The results of testing
HPU with an evaporator manufactured by
MITSUI and MOVEBIT are presented in
the table 1.

Based on the test results presented in
the table, using equation (1), we can calcu-
late the energy costs for the operation of
the compressor:

O =L+Q; -0,=700+168+10=878,W.(8)

Using formula (2), we determine the
cooling capacity of the evaporator Qi in-
tended for laboratory testing:

0 =0 -0, =3000-700=2300,Wt. 9)

The calculated heat transfer surface,
for test conditions, is calculated according
to equation (4).

The heat transfer coefficient K is cal-
culated according to the formulas [17, 18],
but in this case it is determined with a high
degree of accuracy from the tabular values
K=23.8 W/m*K.

An analysis of the results of the heat
pump operation showed that while main-
taining the humidity at a constant level ¢ =
65% and lowering the temperature from
+10°C to +5°C, a decrease in the heat out-
put of the unit is observed, regardless of
the type of heat exchanger, MOVEBIT and
MITSUI. However, when using the
MOVEBIT heat exchanger, the heating
capacity of the installation is 10.1% higher
than with the MITSUI heat exchanger.
This is due to the presence of frost on the
evaporator of the MITSUI heat exchanger,
which reduces its heat transfer capabilities.
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Table 1. Test results of HPU at temperatures before the evaporator unit -5, 0, 5, 10°C

. The evaporator manufactured by The evaporator manufac-
Units MITSUI tured by MOVEBIT
Ne| M ble val of
o easurable values | Temperature
rement) poc | s°c | 0°c | -5°c | 10°C | 5°C | 0°C |-5°C
1 |The low pressure bar 6.56 5.52 | 3.81 3.35 5.40 | 4.07| 3.55 |3.02
o |The temperature of the |, 16 | -61 |-149| -17.6 | -6.7 |-13.4| -16.4 |-19.7
refrigerant gas
3 | The temperature of the | 6.4 18 | -81 | -10.7 | 06 |-83] -7.0 | -9.1
gas pipeline
4 | The overheating K 8.0 7.9 6.8 6.9 73 | 52| 94 |10.7
s |[heair inlet tempera- 100 | 50| 00 | -50 |100]50] 00 |-50
ture of the evaporator
The air downstream
6 |temperature of the °C 6.8 1.7 -4.0 -8.6 6.7 1.3 | -34 | -8.0
evaporator
7 |The high pressure bar 22.23 21.44 | 20.07 | 20.20 | 21.80 [20.90| 20.20 {19.70
8 |The gas temperature °C 38.3 36.9 | 343 34.5 37.5 359 34.6 | 33.6
g |The temperature of the |- 282 | 269 | 259 | 280 | 293|267 26.1 |252
liquid pipeline
10 | The over cooling K 10.1 9.9 8.5 6.5 82 [ 92| 85 | 83
11 |Fheair inlet tempera- 216 | 214 | 214 | 226 | 215|217 21.4 |21.0
ture of the condenser
The air downstream
12 |temperature of the con- [°C 34.7 32.7 | 33.0 32.5 35.1 |352] 334 | 324
denser
The electricity costs to
13 |defrost the evaporator |W/h 0 158 1 329 402 0 12 12 12
22 196 492 350
actual /calculated
14 | Fhe humidity inside the |, 643 | 655 | 664 | 633 | 67 |641] 632|659
chamber
15 |Theair flow rate down-) 10.50 | 10.71 | 10.11| 10.46 |10.39|10.7 | 10.39 | 9.94
stream of the capacitor
16 | he active power (the |y 637 | 692 | 643 | 670 | 643 | 653 | 602 | 557
wattage)
17 |The heating capacity |W 2927 2602 | 2502 2204 3012 3003 | 2721 (2417
COP with no de-icing 4.60 4.05 | 3.58 3.29 470 | 4.60 | 4.52 | 4.34
18 |costs / taking into account | COP
the costs of de-icing 4.60 3.00 | 2.10 2.05 470 | 4.50 | 4.40 |4.20
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The second factor in reducing produc-
tivity is lowering the temperature of the
low-grade heat source. The calculations
assume a decrease in the transformation
ratio by 1% with a decrease in the temper-
ature of the source of low-grade heat (air)
by 1°C. Accordingly, a decrease in COP is
a natural test result.

When measuring the parameters of the
heat pump, the costs of electricity for the
operation of the defrosting system were
highlighted in a separate column, item 13
of the table. Defrosting requires the maxi-
mum amount of energy at #; = 0°C and is
O = 529 W, which exceeds the calculated
amount of electricity by 7%. This is due to
an increase in energy consumption for
heating not only ice, but also the heating of
structural and heat transfer elements that
make up the evaporator, as well as the air
surrounding the evaporator.

A decrease in the ambient temperature
does not lead to an increase in the energy
consumption for defrosting the evaporator.
As the experiments showed, with a de-
crease in the temperature in the chamber
by 5°C, the energy consumption decreased
by 24%, exceeding the calculated values
by 4%. This is an acceptable indicator that
does not distort the overall dynamics of
energy consumption for defrosting a
standard evaporator using the electric heat-
ing method [19, 20].

When the outdoor temperature rises
above 0°C, the energy consumption for
defrosting is reduced. At a temperature of
+10°C, its theoretical consumption is 22 W.

Practical tests have shown that the accu-
mulation of condensate in the form of frost
occurs only in places that do not fall under
the air flows created by the fan (on the
evaporator coils and in non-insulated sec-
tions of the cold pipes).

In the case of the tested heat exchang-
er equipped with the oscillatory circuit of
the MOVEBIT system, the energy con-
sumption was 12 W, regardless of the am-
bient temperature. A graphical representa-
tion of the efficiency of an air source heat
pump against ambient temperature using a
standard MITSUI evaporator and a
MOVEBIT oscillating evaporator is shown
in (fig. 1).

To compare the efficiency of heat ex-
changers (fig. 1) shows the operation of an
air source heat pump with a MITSUBISHI
heat exchanger, which, according to some
estimates, is considered to be the best on
the HTH market [20-22]. The graph shows
a similar transformation ratio with a labor-
atory heat pump, a small difference in val-
ues is due to the peculiarity of the
ZUBADAN technology. This is due to
more stable operation by controlling the
compressor discharge temperature through
injection and increasing the refrigerant su-
perheat in the POWER RECEIVER.

A sharp decrease in the performance
of an air source heat pump at low tempera-
tures is explained by the operation of the
defrosting system. This process clearly
demonstrates a graph of changes in the
transformation ratio over time (fig. 2),
which does not take into account the cost
of electricity for defrosting.
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A
COP

4 5 4 3 2 -1 0 1 2

5 6 7 8 % 1 n oC

Fig.1. Dependence of the HPU transformation coefficient on the outside air temperature
when using heat exchangers of various manufacturers in the evaporative circuit:
1 - MOVEBIT, 2 — MITSUBISHI, 3 — MITSUI

Line 1 shows the change in the COP
of the heat pump with the MOVEBIT
evaporator at 0°C for 120 minutes. The os-
cillation amplitude has a very small inter-
val along the y-axis, and the resulting di-
rect COP has higher values than curve 2 of
the MITSUI evaporator heat pump. Fluc-
tuations have large COP values from 0 to
4.6, therefore, the resulting MITSUI 3
straight line has lower values than that of
the MOVEBIT heat exchanger (fig. 2).

In more detail, the process of ASHP
operation and its performance is explained
in (fig. 3). The segment bounded by points
A-B has the maximum COP, because the

evaporator has the maximum heat transfer

capacity. After passing point "B", the pro-
cess of ice formation begins with a faster
intensity (segment B-C). At a certain
point, the superheat begins to decrease,
approaching zero degrees, which requires
urgent cleaning of the evaporator or turn-
ing off the compressor. At point "C" the
compressor is switched off and the evapo-
rator goes into defrosting mode "C-C™.
Points "C' -d" —
mode time, "d -d" —

evaporator defrosting
end of defrosting
mode. The compressor is switched on at
point "d". In the "d-A" section, the com-
pressor begins to pump refrigerant through
the system. At point "A™ the heat pump
reaches its maximum heat output.
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70 80 €0 100 110 120 T min

Fig. 2. Change in the transformation coefficient of TNU (COP) at a temperature of 0 ° C for 120 min.
with evaporators: 1 — MOVEBIT, 2 — MITSUI, 3 — resulting direct efficiency

of the MITSUI heat exchanger

The transformation ratio of a heat

pump is limited by the area S,:

S,=5,-5,, (10)

notations: S; — the area, which is bounded
by the points OABC u dA’ O';

S, — the area, which is bounded by the
points Cc/d'd;

S, — the area, which is bounded by the
points OEFO/.

The average transformation ratio of the
heat pump will correspond to a straight line
passing through the points E-F (fig. 3a).

In (fig. 3b), the operation of a heat
pump with a MOVEBIT evaporator is de-
tected by a graphical method. The curve
bounded by points A-B shows the opera-
tion of the heat pump with the presence of

dense crystallized condensate in the form

of frost 0.1-0.4 mm. Provided with such
thickness of thermal insulation properties,
there is no observation of the heat transfer
of the evaporator and the COP of the entire
heat pump. In the "B" setting, the oscilla-
tory circuit is turned on, the exposure time
is 0.2-1.5 seconds (section "B-A™). As a
result of resonance, the evaporator is
cleaned of frost and ice. Stopping the
compressor is not required. The resulting
direct COP for the MOVEBIT evaporator,
limited by the EF points, is significantly
higher than in option "a". The energy con-
sumption for the operation of the oscillato-
ry circuit is 12-14 W/h, therefore, any
change in the energy consumption required
for the operation of the heat pump installa-

tion does not depend [23].
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Fig. 3. The effect of ice on the efficiency of HPU: a — with the MITSUI evaporator,
6 — with the MOVEBIT evaporator
ratio and productivity of the heat pump by
Conclusion

The conducted studies have shown the
high efficiency of the MOVEBIT oscillat-
ing circuit evaporator. The coefficient of
transformation (COP) of an air source heat
pump with the MOVEBIT system exceeds
the COP of a heat pump with a standard
MITSUI evaporator by 2 times at a tem-
perature of 0°C and below. Graph-
analytical and theoretical calculations con-

firmed the increase in the transformation

a factor of two in the temperature range
from 0°C to -5°C. The integration of out-
door units into existing air source heat
pumps cuts energy consumption in half,
which opens up great prospects for using a
heat pump installation over a wide temper-
ature range. Measures for the transition of
standard evaporators to MOVEBIT evapo-
rators do not require significant changes in

the design of the air source heat pump.
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