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Abstract: One of the most attractive reserves of enhancing the efficiency of air conditioning (AC) systems and their
application in various fields consists in efficient operation of air coolers (refrigerant evaporators). A retrofit concept of
efficient operation of refrigerant evaporators with incomplete refrigerant evaporation due to liquid refrigerant
recirculation by injector (jet pump) has found a new impulse for further applications in outdoor air processing units
(OAPU) to match varying outdoor heat loads according to actual climatic conditions and for indoor air coils to match
varying indoor heat loads in ductless Variable Refrigerant Flow (VRF) AC systems. A proposed concept of enhancing
heat efficiency of heat exchangers with boiling refrigerants inside channels is intended to solve the problem of
uneven refrigerant distribution in inlet manifolds (headers) for microchannel heat exchangers or between refrigerant
coils and of uneven outside air heat loads on refrigerant coils by over filling them through liquid refrigerant injector
recirculation that provides excluding the final dry-out stage of refrigerant evaporation with low intensity of heat
transfer. Thus, due to excluding the internal problem of refrigerant uneven distribution and low intensity of heat
transfer of refrigerant evaporation in channels the general problem of enhancing the efficiency of heat exchangers
with boiling refrigerants inside channels is transformed into the external problem of heat transfer on air side.
Keywords: air conditioning system, heat exchanger, phase change, refrigerant circulation, maldistribution, uneven
heat load

1. INTRODUCTION

The efficiency of air conditioning (AC) systems and their refrigeration machine performance depends on the
operation of their air coolers (refrigerant evaporators) intended to match various heat loads. The intensity of heat
transfer of refrigerant, evaporated inside channels, drops at the final stage of evaporation, that is caused by drying
out the inner channel wall surface while transition of refrigerant two-phase flow from annular to disperse (mist) flow.
In compact air coolers with finned tubes a sharp decrease in heat transfer coefficient to refrigerant at the final stage
of its evaporation results in lowering the overall heat transfer coefficient and reduction of air cooler efficiency.

A concept of efficient operation of air coolers due to incomplete refrigerant evaporation by injector
recirculation of liquid refrigerant that excludes the final burn-out stage of evaporation with drop in intensity of
evaporation heat transfer was considered in [28].

The injector recirculation of unevaporated liquid refrigerant in air coolers is conducted by using a potential
energy of high pressure liquid refrigerant, leaving a condenser, which is conventionally lost while its throttling to
evaporation pressure in expansion valve.

A new impulse for further realization of this concept is forced due to applying a circulation of liquid refrigerant,
that causes over filling all the coils of air cooler, i. e. due to incomplete refrigerant evaporation, that excludes a drop
in intensity of evaporation heat transfer and, as result, any influence of inside tube heat transfer on the intensity of
the overall heat transfer of air cooler.

Therefore there is no need to apply a traditional refrigerant distribution by throttling the refrigerant stream in a
distributor at the inlet of air cooler for equalizing refrigerant distribution among coils due to much more higher
pressure drop in a distributor head compared with its value for separate refrigerant coils, so far as over filling all the
coils results in more higher intensity of refrigerant heat transfer compared with its air side value, that excludes any
influence of inside tube heat transfer as more intensive.

So, there is no need for improving refrigerant distribution among coils by applying a refrigerant distributor as
inlet manifold of air cooler as well as by applying inlet manifold with special distributing devices (different channel
inlet holes, differ manifold cross sections and others).

The principle of over filling all the channels of air cooler by liquid refrigerant injector recirculation, that provides
excluding the final stage of refrigerant evaporation with low intensity of heat transfer and, as result, excluding any
influence of inside channel heat transfer, as more intensive, instead of refrigerant distribution in the inlet manifolds, is
very useful for widespread microchannel plate evaporators with uneven refrigerant distribution in inlet manifolds as
well as for traditional heat exchanges with uneven air velocity distribution.
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A concept of efficient operation of air coolers with incomplete refrigerant evaporation due to liquid refrigerant
recirculation by injector (jet pump) has found a new impulse for further applications in central Heating, Ventilation and
Air Conditioning (HVAC) systems and their combined versions with indoor air conditioning system, as well as for
outdoor air processing units (OAPU) to match varying outdoor heat loads according to actual climatic conditions and
for indoor air coils to match varying indoor environments in ductless Variable Refrigerant Flow (VRF) systems.

The research is devoted to develop a general concept of incomplete refrigerant phase change through injector
refrigerant recirculation, based on a retrofit concept of incomplete refrigerant evaporation, to spread it over new
applications for outdoor air processing units to match varying heat loads according to actual climatic conditions and
for indoor air coils to match varying indoor heat loads in ductless VRF AC systems, for widespread microchannel
plates evaporators with uneven refrigerant distribution in inlet manifolds and others .

2. Literature Review

A lot of publications are devoted to enhancing the efficiency of AC systems by intensification of heat transfer
processes in heat exchangers (evaporators and condensers) [4, 5, 9, 11, 28], through application of advanced
refrigerant circulation scheme decisions [6, 8, 9, 11, 23-25, 29, 32, 33] and enhancing air procession by two-stage
cooling developed for AC systems in comfort and energetic application [26, 27, 30, 31, 38].

Numerous researchers have studied the energy efficiency of the VRF system [10-14, 17, 41-43]. The VRF
systems operate with high part-load efficiency, that results in high daily and seasonal energy efficiency, so as AC
systems typically spend most of their operating hours in the range of 40% to 80% of maximum cooling capacity [12].

A combination of HVAC system with roof top unit (RTU) used as the outdoor air processing (OAP) system in
the VRF system and control strategies to enhance its energy performance were proposed [41, 43]. A comparisen of
VRF system with conventional AC systems showed that the VRF system was more energy efficient than variable air
volume (VAV) system by 22% and than the fan-coil plus fresh air (FPFA) system by 11.7% [41]. It was obtained that
the multi-split VRF system saved more than 20% energy compared to a variable air volume (VAV) system [42].

The HVAC system that processed outdoor air loads by supplying refrigerant from the outdoor unit performed
simultaneously as an outdoor unit in the VRF system in contrast with the OAP, which had compressors, was
investigated [13]. In the VRF-OAP system, the multiple indoor units and the OAP were simultaneously connected to a
single outdoor unit.

A higher energy reduction compared with conventional operation without refrigerant flow regulation is due to
superlative applying the variable speed compressor in part load modes, especially when the outdoor air temperature
was closer to its indoor set point.

The authors [14] on the base of field test results revealed that the design outdoor unit cooling capacity should
be of around 70% excess to prevent a lack of indoor units cooling capacities.

It was also shown that negative impacts on the indoor comfort of the outdoor air not completely processed
and introduced to the indoor environment were much greater than that of the indoor units processing the thermal
loads of the indoor air [13]. Therefore, the refrigerant flow control in the VRF-OAP system has been designed to
provide more flows to the OAP than to the indoor units and most of the refrigerant flows inside the system were
introduced to the OAP.

3. Research Methodology

Proceeding from the approach that heat loads on refrigerant coils depend only on air side heat transfer as
lower compared with refrigerant side, the problem of enhancing heat transfer in air coolers is solved through
incomplete refrigerant phase change due to liquid refrigerant recirculation by injector to exclude the final stage of
refrigerant evaporation with low intensity of heat transfer.

A proposed general concept of enhancing heat efficiency of heat exchangers with boiling refrigerants inside
channels is intended to solve the problem of uneven refrigerant distribution in inlet manifolds for microchannel heat
exchangers or between refrigerant coils (tubes, microchannel plates) and of uneven outside air heat loads on
refrigerant coils by over filling all channels through liquid refrigerant jet pump recirculation that provides excluding the
final stage of refrigerant evaporation with low intensity of heat transfer.

Thus, due to excluding the inner problem of refrigerant uneven distribution or low intensity of heat transfer of
refrigerant evaporation in channels the general problem of enhancing heat efficiency of heat exchangers with boiling
or condensing refrigerants inside channels is transformed into the outside problem of heat transfer on the air side to
be solved as it is required and possible.

Applying the forced circulation of liquid refrigerant with over filling all air coils, operating with incomplete
refrigerant evaporation, excludes a drop in intensity of evaporation heat transfer, caused by inner channel wall
surface drying out while complete refrigerant evaporation, and its influence on intensity of the overall heat transfer.

582



IHHOBAL|Il B CYAHOBYAYBAHHI TA OKEAHOTEXHILII XI MDKHAPOOHA HAYKOBO-TEXHIYHA KOH®EPEHLUIA

Therefore there is no need to solve the problem of refrigerant distribution between air coils (channels), so as
the problem has to be solved by overfilling all the air coils, that leads to heat loads on the air coils as depending only
on limiting influence of less air side heat transfer intensity.

4, Results

4.1. Some fundamental approaches of intensification of heat transfer of refrigerant phase changes
inside channels of air coolers and condensers

The accent is made on air coolers for which overall heat transfer is usually considered to be dependent only
on intensity of external heat transfer on the air side and refrigerant phase change does not influence thermal
efficiency of heat exchanger.

But the convective evaporation of refrigerant inside channels is characterized by sharp drop in intensity of

heat transfer at the final stage of evaporation when so called burnout takes place (Fig. 1).
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Fig. 1. Typical structures of inside tube refrigerant evaporation and behaviour of coefficients of heat
transfer to refrigerant in bubble boiling zone an, convective evaporation zone aev and at the final stage of
evaporation in disperse (mist) flow aa with the vapour mass fraction x

This occurs due to inner channel wall surface drying out with transition of refrigerant two-phase flow from
annular flow to disperse (mist) flow.

In compact air coolers with finned tubes the coefficient of heat transfer to refrigerant at the final stage of its
evaporation is much lower than to air. This results in decrease in overall heat transfer coefficient (Fig. 2).

Typical structures of inside tube refrigerant evaporation and behaviour of coefficients of heat transfer to
refrigerant in bubble boiling zone abn, convective evaporation zone aev and at the final stage of evaporation in
disperse (mist) flow o with the vapour mass fraction x are presented in Fig. 1.

A thresh value of vapour quality x between bubble (nucleate) boiling zone and convective evaporation (thresh
bubble/convective vapour quality x ) corresponds to equality of heat transfer coefficients calculated for both zones at
this x [1, 7, 28]. The thresh bubble/convective vapour quality x is shifting in response to relation between heat flux g
and mass flux (mass velocity) pw. As Fig. 1 shows, with rising mass flux pw the thresh point is shifting towards a
decreased value of vapour quality x (to the inlet of channel) according to dominating a convective evaporation over
nucleate boiling and it is inverted with increasing heat flux g.

In compact air coolers with finned tubes the coefficient of heat transfer to refrigerant at the final stage of its
evaporation is much lower than that to air, related to the internal surface of tubes. This results in decrease in overall
heat transfer coefficient (Fig. 2). The correlation between AL and Ax is calculated according to the heat balance for
refrigerant boiling inside air coil. Calculations have been performed for the air cooler with plate finned tubes of 12 and
10 mm outside and inside diameters, air temperature at the inlet tarn = 25 °C and outlet tarz = 15 °C, refrigerant
boiling temperature at the exitto2 = 0 °C, refrigerant R142b.
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Fig. 2. Variation of heat transfer coefficients to refrigerant a.a and air a.air, overall heat transfer coefficient k with
the vapour mass fraction x (a) and with the coil length L

As Fig. 1 and 2 show a sharp decrease in the heat flux g occurs at burnout vapour fraction xer = 0,9
corresponding to drying the channel wall surface with the transition from annular to disperse flow. The reduction in q
is caused by subsequent lowering the heat transfer coefficient to refrigerant aa which becomes lower than the heat
transfer coefficient to air c.air and causes a decrease in the overall heat transfer coefficient k.

Taking into account that in the conventional air cooler with thermoexpansion valve the vapour at the exit of the
air cooler should be superheated by 5...10 °C a share of the surface, corresponding to the final stage of boiling and
vapour superheating with extremely low intensity of heat transfer, is about 30 %.

It should be noted that a sharp decrease in the heat transfer coefficient to refrigerant aa with the transition
from annular to disperse flow takes place for most of refrigerants.

To provide intensive heat transfer on all the length of air cooler coils it is necessary to exclude their ending
post dry out sections, i.e. make the air coolers operate with incomplete boiling. The unevaporated liquid should be
separated from the vapour in the liquid separator and evaporated on the surface of regenerative heat exchanger
(RHE) coil, mounted in the liquid separator, while subcooling the liquid refrigerant of a high pressure after the
condenser, directing it again at the entrance of air cooler by injector (Fig. 3).
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Fig. 3. Air coil contour with liquid refrigerant recirculation by injector

The injector uses the potential energy of refrigerant pressure drop from condensing to evaporation pressure,
which is conventionally lost while throttling high pressure liquid refrigerant in thermo-expansion valve.

The thermal efficiency of the air coolers circuits is usually carried out at maximum heat flux gmax. For the
refrigerant and air counter flow the correlation for heat flux relating to the internal tube surface area is expressed as

1 lain —taira +Alp
i+ 1 In tairl_t02
Ga  Gair  tairz—(top+Ato)

where the refrigerant side heat transfer coefficient aa may be calculated by equations [1, 7] and air side heat
transfer coefficient aair corresponds to the internal tube surface area, 6 - logarithmic temperature difference; k -
overall heat transfer coefficient.

g=k 6=
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The drop in the boiling temperature Ato caused by the pressure drop for two phase flow AP is obtained from

Clausius—Clapeyron relationship
dP r _ AP
dto T(UV —U|) - Ato '

The frictional pressure gradient for two phase flow dP/dL may be calculated according to the Lockhart-
Martinelli-Nelson method [21, 22].

The existence of maximum heat flux gmax is caused by the following. With increasing mass velocity of
refrigerant pw the heat transfer coefficient to refrigerant aa and overall heat transfer coefficient k increases. But the
refrigerant pressure drop AP and corresponding refrigerant boiling temperature drop Ato increases also. In
conventional practice of optimum evaporator-air cooler designing the value of refrigerant boiling temperature toz at
the evaporator exit (compressor inlet) is fixed to keep the other points of refrigerant cycle invariable [28]. With fixed
toz2 the increase in Ato causes the increase in refrigerant boiling temperature to1 at the evaporator inlet and decrease
in logarithmic temperature difference 6 between air to be cooled and boiling refrigerant as a result. Such opposite
influence of the refrigerant mass velocity pw upon k and 6 causes the existence of maximum of function g = k6 at
quite definite value of pw. This value is considered as optimum (pw)opt.

The results of thermal efficiency comparison of conventional air cooler with complete evaporation and
superheated vapour at the exit and of advanced air cooler with incomplete evaporation due to liquid refrigerant
recirculation by injector are shown in Fig. 4. The conditions at the air cooler outlet are the following: refrigerant
R142b, refrigerant boiling temperature at the evaporator exit to2 = 0 °C,

There is a dry inner tube wall with a vapour superheated in 10 °C for the conventional throttle circuit and
wetted wall with x2 < xcr for the injector recirculation circuit. In disperse mixture the vapour is superheated in 5 °C as
compared to the boiling temperature toz .
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Fig. 4. Mean values of heat fluxes g, heat transfer coefficients to refrigerant aa and overall heat transfer
coefficients k , logarithmic temperature difference 6, refrigerant boiling temperature to and pressure drop AP against
refrigerant mass velocities pw for different air velocities w and coefficients of ejection U: R142b, to> =0 °C; — —w
=6mls;,———w=2m/s;
a — U =0 (conventional complete evaporation); b — U = 1 (incomplete evaporation)
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As fig. 4 shows, with increasing the air velocities from w = 2 m/s to 6 m/s the influence of liquid refrigerant
recirculation enlarges, that means its great efficiency for compact air coolers with high air velocities.

So, the recirculation of liquid refrigerant in the air cooler by injector provides an increase in heat flux g by
25...40 % compared with conventional complete refrigerant evaporation with superheated vapour at the exit.

As one can see from fig. 5, overfilling the air coils of the air cooler by recirculation of liquid refrigerant allows a
larger deviation of refrigerant mass velocities pw from their optimum value, providing maximum value of heat flux g,
that means that a larger refrigerant redistribution among air coils is permited and good perspectives of injector liquid
refrigerant recirculation in microchannel evaporators with considerable refrigerant maldistribution in inlet and outlet
manifolds.
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Fig. 5. Mean values of heat fluxes g, heat transfer coefficients to refrigerant aa and overall heat transfer
coefficients k , logarithmic temperature difference 6, refrigerant boiling temperature to and pressure drop AP against
refrigerant mass velocities pw : R142b, to2 =0 °C; -w =6 m/s; ———--w=2m/s; U=0 (conventionsl complete
evaporation)

Overfilling the coils of air cooler due to liquid refrigerant recirculation of refrigerant reveals the reserves for
subsequent decreasing the influence of uneven air velosity distribution on the heat efficiency of air cooler.

As an example, the air velocity w-profile at the inlet of air cooler and heat load Q-distributions among the air
coils for conventional air cooler with complete refrigerant evaporation and advanced air cooler with refrigerant
overfilling are presented in Fig. 6: ADEC — heat load Q distribution among air coils for conventional air cooler; ABC —
heat load Q distribution for advanced air cooler with refrigerant overfilling; DBE — heat load Q increment due to air
coils overfilling compared with heat load on conventional air cooler; Qo — overall heat load on air cooler with equal air
velocity distribution; Qa — overall heat load on conventional air cooler with angular A -air velocity profile; Qn=2 —
overall heat load on advanced air cooler with number of refrigerant circulation n =2 and A-velocity w distribution.
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Fig. 6. Air velocity w-profile at the inlet of air cooler (a), heat load Q-distributions among air coils (b): N — a
number of air coil; ADEC — heat load Q distribution among air coils for conventional air cooler; ABC — heat load Q
distribution for advanced air cooler with refrigerant overfilling; DBE — heat load Q increment; Qo — overall heat load on
air cooler for equal air velocity distribution; Qa — angular A -air velocity profile (a); Qn=2 —refrigerant circulation with
number of circulation n = 2 and A-velocity w distribution

As Fig. 6,b shows, in spite of increased air velocities at the inlet of coils number N =3-11 (according to angular
A -air velocity profile) the heat loads on them remain practically constant in conventional air cooler, that is caused by
high superheating of refrigerant vapour in them and considerably decreased heat transfer intensity to superheated
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vapour inside coils (lowered heat transfer coefficient to refrigerant aa ) and overall heat transfer intensity as result
(Fig. 2), that limits the heat loads on these coils.

The incomplete evaporation due to refrigerant coils overfilling by liquid refrigerant recirculation leads to the full
elimination of its inefficient final stage and to rising the intensity of overall heat transfer on the whole air cooler
surface in response to increasing the air velosity at the inlet of the coils number N =3-11 (Fig. 6,a). As a result, the
heat load Q distribution ABC among the air coils of the advanced air cooler with refrigerant overfilling follows strictly
the angular A -air velocity profile with corresponding increment in heat load Q by about 40% compared with
conventional air cooler (Fig. 6,b).

The principle of over filling all the channels by liquid refrigerant injector recirculation, providing excluding any
influence of inside channel heat transfer, as more intensive is very useful for compact air coolers with finned coils
where the coefficients of inside and outside heat transfer (to boiling refrigerant and air respectively) are closed. So, it
is possible to increase their heat efficiency in response to rising the air velosity at the inlet by liquid refrigerant
circulation with adequate number of circulation n = U+1 = 1/x2 (Fig. 7). A complete evaporation of refrigerant in the
conventional air cooler is characterized by n = 1/x2 = 1, where x2 — mass vapour fraction an the outlet.
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Fig. 7. The values of heat fluxes g in air coolers for various numbers of liquid refrigerant circulation n against
inlet air velocities wa: n = 1 — complete evaporation of refrigerant

The effect of intensification of heat transfer in evaporator due to elimination of dry wall regime can be
evaluated by refrigeration coefficient (coefficient of performance of refrigeration system) . For the evaporator
operated with wetted coil inner surface the increase in ¢ is achieved due to decrease in temperature differences
between air and boiling refrigerant and a corresponding increase in the compressor suction pressure that provides an
increment of ¢ by 15...20% [28].

4.2. ENHANCING A PERFORMANCE EFFICIENCY OF REFRIGERANT AIR COOLERS OF DUCTLESS
VARIABLE REFRIGERANT FLOW (VRF) AIR CONDITIONING SYSTEM AT CHANGEABLE HEAT LOADS BY
INJECTOR REFRIGERANT CIRCULATION

The central Heating, Ventilation, and Air Conditioning (HVAC) systems and their combined versions with
indoor air conditioning system typically operate in the range of 40% to 80% of design capacity [12].

So, the approach to enhance the performance efficiency of AC system has to provide ambient air procession
to match actual changeable cooling loads in response to current climatic conditions to shorten running of refrigeration
compressor in partial modes.

Any pump circulation system, for example with injector as jet pump, operates at changeable cooling
capacities according to current heat loads on evaporators-air coolers with changing the refrigerant volumes in liquid
separators after evaporators-air coolers and in linear receiver after condenser: with its rising in liquid separators and
its lowering in linear receiver at decreasing heat loads on evaporators-air coolers and vice versa.

A retrofit concept of efficient operation of refrigerant evaporators (air coolers) with incomplete refrigerant
evaporation due to liquid refrigerant recirculation by injector (jet pump) has found a new impulse for further
applications in air coolers of outdoor air processing (OAP) units to match varying outdoor heat loads according to
actual climatic conditions and for indoor air coils to match varying indoor heat loads in ductless Variable Refrigerant
Flow (VRF) AC systems.

A higher energy reduction compared with conventional operation without refrigerant flow regulation is due to
superlative applying the variable speed compressor in part load modes, especially when the outdoor air temperature
was closer to the indoor temperature set point.

The authors [14] on the base of field test results revealed that the design outdoor unit cooling capacity should
be of around 70% excess to prevent a lack of indoor units cooling capacities.
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It was shown that negative impacts on the indoor comfort of the outdoor air not completely processed and
introduced to the indoor environment were much greater than that of the indoor units processing the thermal loads of
the indoor air [13]. Therefore the refrigerant flow control in the VRF-OAP system has been designed to provide more
flows to the OAP than to the indoor units and most of the refrigerant flows inside the system were introduced to the
OAP.

Issuing from the priority of the outdoor air procession [13, 14], the application of liquid refrigerant recirculation
by injector, leading to overfilling the air cooler, would be quite reasonable for Outdoor Air Processing (OAP) unit to
provide and complete outdoor air procession to avoid introducing of not completely processed outdoor air to the
indoor environment with corresponding negative impacts on the indoor comfort (Fig.8, 9).
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Fig. 8. The traditional schemes of ductless Variable Refrigerant Flow (VRF) systems with Outdoor Air Processing
(OAP) and Indoor Air Processing (IAP) units separated (a) and combined (b)
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Fig. 9. The developed schemes of ductless Variable Refrigerant Flow (VRF) systems with Outdoor Air
Processing (OAP) and Indoor Air Processing (IAP) units separated (a) and joint (b)

4.3.
REFRIGERANT CIRCULATION

ENHANCING HEAT EFFICIENCY OF MICROCHANNEL EVAPORATORS BY

INJECTOR

In spite of peculiarities in physical mechanism of refrigerant evaporation in high efficient microchannel
evaporators, the sharp drop in intensity of boiling refrigerant heat transfer takes place at the final dry-out stage of
evaporation with drying the wall of channels too [1, 7, 15, 35, 36].
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In general case the refrigerant evaporation in micro- and conventional channels are influenced by the same
mechanism of changes in impulse and heat: heat transfer in bubble flow influenced generally by heat flux g, whereas
convective evaporation (slug, slug-semi annular, semi annular, annular flows) is in strong dependency of heat
transfer on mass flux (mass velocity) pw and vapour quality x and in dry-out zone of superheating vapour at the final
stage of evaporation — in dependency of heat transfer only on mass flux pw [1, 7, 15].

According to the investigation of refrigerant evaporation in microchannels [15] the transient variation of
annular sub structures within convective evaporation was observed at vapour quality x = 0.15-0.5 and a dry-out of
liquid film on the wall was observed at x above 0.5, that means that negative influence of the final dry-out on heat
transfer in microchannel evaporators is considerably higher compared with conventional air coolers.

As Fig. 1 shows, a thresh value of vapour quality x between bubble (nucleate) boiling zone and convective
evaporation is shifting in response to relation between heat flux g and mass flux pw towards a decreased value of
vapour quality x (to the inlet of channel) according to dominating a convective evaporation over nucleate boiling and
in inversed direction with increasing heat flux g. With account of such behavior of thresh point of bubble/convective
vapour quality x the differ influence of heat flux g, mass flux pw and vapour quality x on the heat transfer intensity
should be analyzed.

Thus, it is quite reasonable to suppose, that an increase in refrigerant flow by recirculation leads to rising the
refrigerant boiling heat transfer intensity due to excluding dry-out inefficient zone that lowers the overall heat transfer,
and to enhancing the efficiency of microchannel evaporators from the point of heat transfer.

Majority of the studies point out the lack of influence of the refrigerant mass flux pw and vapour quality x on
the heat transfer coefficients [2, 3, 16, 18, 37, 40], i.e. the small contribution of the convective evaporation. Those
conclusions should be corrected taking into account the behavior of thresh point of bubble/convective vapour quality
x to consider differ influence of heat flux g and mass flux pw in each zone.

The other advantage of applying the refrigerant recirculation consists in suppressing the bubble generation,
initiated by heat flux q and leading to instabilities of two-phase flow. The instabilities of two-phase flow in
microchannels are caused by their too small diameters, limiting the fast growing bubbles at increased heat flux [15,
35, 36], that can lead to instantaneous dry-out of the wall with sharp drop in heat transfer intensity and even to
reversing the flow towards the inlet with blocking the refrigerant feed to the channels.

An example of variation in mass flux and heat flux leading to unstable boiling with reversing the refrigerant
flow in the channel with diameter dn = 540 um is presented in Fig. 10 [15].
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Fig. 10. The variation in mass flux and heat flux in stable and unstable boiling of refrigerant R134a in channel
of dn = 540 um

As Fig. 10 shows, to avoid the instabilities of two-phase flow with its reversing and sharp drop in heat transfer
intensity, caused by instantaneous dry-out of the wall, increasing of heat flux is to be followed by rising the mass flux.
Issuing this it is reasonable to increase the mass flux through liquid refrigerant recirculation.

The principle of over filling all the channels by liquid refrigerant injector recirculation, providing excluding the
final dry-out stage of refrigerant evaporation with low intensity of heat transfer is very useful for microchannel
evaporators, characterized by uneven refrigerant distribution in inlet manifolds, instead of refrigerant redistribution in
inlet manifolds with the use of special devises [19, 20, 34, 39].
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Fig. 11. A developed circuit of vapour compression chiller with liquid refrigerant recirculation in microchannel
evaporator by injector

Overfilling the evaporators (Fig. 11), that leads to increasing the intensity of boiling heat transfer on all length
of their channels due to incomplete refrigerant evaporation, excludes any influence of refrigerant boiling heat transfer
coefficient, as more high value compared with air side heat transfer coefficient, on intensity of the overall heat
transfer as result.

So, instead of solving the problem of refrigerant distribution between microchannel plates, the problem should
be solved by overfilling all the microchannels, that leads to dependence of microchannel plate heat loads only on
limiting air side heat transfer intensity.

5. Conclusions

A developed concept of enhancing heat efficiency of evaporators with boiling refrigerants inside channels is
intended to solve the problem of uneven refrigerant distribution in inlet manifolds of microchannel heat exhanges as
well as the problem of uneven outside heat loads on refrigerant coils by over filling all the channels (coils) through
liquid refrigerant injector recirculation that provides excluding the final dry-out stage of refrigerant evaporation with
drying the inside wall, that leads to sharp drop in evaporation heat transfer and lowering the intensity of overall heat
transfer.

Therefore there is no need to solve the problem of equalizing the refrigerant distribution between air
microchannels plates (coils) by applying special devices in inlet manifolds (headers) of microchannel evaporators, as
well as equalizing air velocity profiles so as overfilling all the channels (coils) provides maximum heat fluxes at any
uneven refrigerant distribution and air velocity profile.
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PagueHko M.I., Tpywnskos €.1., PagyeHkoA.M.

MiaBuweHHA TennoBoi e(peKTMBHOCTI NOBITPOOXONOAXKYBaYiB CUCTEM KOHAULLIOHYBaHHSA iHXKEKTOPOM
AHomauyis: O0uH 3 Halinpusabnusiwux pe3epeie nidsulWeHHsT eghekKmusHocmi cucmem KOHOUUIOHy8aHHSI ma Iix
3acmocysaHHs 8 pi3HuUXx obracmsax mnons2ac 8 eghekmusHili pobomi nosimpsiHUX 0X0nooXxysadie (s8unapHUKie
xonodoazeHmy). KoHuenuis AoonpaurosaHHs eghekmueHoi pobomu eurnapHUKie xornodoaceHmy 3 Herno8HUM
sunaposysaHHsIM X0r000az2eHmy 3a paxyHOK peuupKynsauii pidkoeo xornodoazeHmy IHXEKmMOopoM (peakmueHUM
Hacocom) 3Halwma Hoeul imMniynsc Ons nodafbWux 3acmocy8aHb y 308HIWHIX M08IMPSHUX MepepobHUX
ycmaHoskax, wob eidnosidamu pisHUM HazpigaHHSIM 308HIlWHbO20 meria 8i0nogiOHO 00 hakMUYHUX KiliMamuyHUX
yMO8 YMoeu 8 npuMiueHHi eidrnogidanu pi3HUM mMEnI08UM HaBaHMAaXeHHSIM Yy MPUMILUEHHSIX 8 cucmeMax
KOHOuUjroeaHHsi 6e3 3MIHHO20 X0r100u/lbHO20 MOMOKY. 3arnporioHo8aHa KOHUenuis nid8uweHHsT mernnosor
egpekmusHocmi mernnoobMiHHUKIE 3 KUMIsYuMu xoriodoazeHmamu ecepeduHi KaHarsie po3pobrieHa Orisi 8UPIUWEHHS
npobnemu HepigHOMIipHO20 po3rnodinly xonodoazeHmy y 6ryCKHUX KO/IeKmopax (2osi08kax) Orsi MiKpOKaHarbHUX
mennoobmiHHUKI8 abo MiXX Komywkamu xornofoazeHmy ma HepieHUMU 308HIiWHIM 60OKo8UM HazpigaHHSIM nosimpsi
Ha 3miliogukax xono0oazeHmy WIIAXOM NepernosHEHHS iX 3a OMOMOZ00 peyupKynayii pidko2o xomodoazeHmy, W0
3abesneuye SUKIMIOYEHHS KiHUe8ol cmadil sucuxaHHsI eunaposyeaHHsi Xxornodoaz2eHmy 3 HU3bKOK [HMEHCUBHICMIo
nepedayi menna. TakumM YUHOM, 3a PaxyHOK BUKIIHOYEHHSI 8HympiluHbOI npobremu HepieHOMIipHO20 po3rnodiny
XxonodoazeHmy ma HU3bKOI iHmeHcusHocmi nepedayi merna eunaposysaHHsIM X0ro0oageHmy 8 KaHarnax 3agasbHa
npobnema nidsuwWEeHHsT eghekmusHOCMi  mennoO0OMIHHUKIE KUMISAYUM  X0ornodoazeHmoMm 8cepeduHi KaHanis
1epemeopreMbCS Ha 308HIWHIO npobrnemy nepedayi menna Ha nogimpsiHili CIMopPOHI.

Knroyoei cnosa: cucmema KOHOUUIOHY8aHHS, mMenI00OMIHHUK, 3MiHa pasu, UupKynsayis xorodoaseHmy,
ropyweHHs po3nodiny, HEPIBHOMIPHE Mernoee Ha8aHMaXeHHSs
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Anomauyis. llidsuwumu egeKkmusHiCmb EXEKMOPHUX XONo0UNbHUX MallUuH MOXHa 3a paxyHOK BUKOPUCMAaHHS
mepmoripecopa, 3abes3rneyyryu npu UbOMYy OXOJIOOXEHHSI Ha MeeHy pi3HUUK memnepamyp. AHaniz cxemu
€©XEeKMOPHUX XO/100uUMbHUX MaWwuH 3 BUKOPUCMaHHSIM mepmMorpeccopa rokasye, Wwo Haubinbwul mennosul
KoedbiyieHm npu MakcuMasbHO MOX/IU8UX memrepamypax KuriHHs 8 2eHepamopi ty maromb XxonodoazeHmu:
R142b, R600, R1233zd(E), R245fa.

Knroyoei crnosa: exxekmop; mepmornpecop, xornodoazeHm.

BeTyn.

TennoBMKOPUCTOBYHOYI  XOMOAMIbHI MaluMHW, Ha BigMIHY Big KNacuM4HUX | Hambinbll pPO3MNOBCIOMKEHMX
NapoKOMMNPECCOPHUX XONOAUIBbHNX MaLLWH, BUPOBNSAIOTL XOMNOA CNOXMBAO4YM MPU LIbOMY HU3LKOMOTEHLiiHY TENOoBY
€Heprito.

OcTaHHIM YacoM, O4HUM 3 NEePCMNEKTUBHUX HaNpsMIB € BUKOPUCTaHHS TENIOBUKOPUCTOBYIOUMX XONOAUMBHUX
MaLLWH ANA CUCTEM KOHAMLjOBaHHA MOBITPS Ta pedpwpkepauii y ckragi yCTaHOBOK KOMGIHOBaAHOro BMpOOHULTBA
eHeprii (KoreHepauii, TpureHepauii) Ana CyQHOBMX Ta CTauiOHaApHUX eHepreTuYHMx yctaHoBok. Cepep
TENMNOBNKOPUCTOBYIOYMX  XONMOAMMbHMX MaLUWH 3aCTOCOBYHOTb HACTymMHi: abCcopOuinHi  xonoAwnbHi  MaluvHW;
TypOOKOMNPECOPHI XONOAMIbHI MALLWHW; EXKEKTOPHI XONoAunbHI MalumHu [1, 2].

lMepcnekTMBHUM € 3acCTOCyBaHHA €XEKTOPHUX XxonoaunbHux MawuH (EXM), ki no eHepretuyHin
edeKkTMBHOCTI Xxo4ya | nocTynawTbcs abcopbuinHum xonogunbHUM MawuvHam [1], ane nepeBepLUylOTb MO
macorabapuTtHuM nokasHukam. B skocTi pobodyoro Tina (xonogoareHTa) MOXyTb 3acTocoByBaTucs Boga abo
HU3LKOKUMMAYI peqyoBuHKU (xragoHu). XnagoHosi EXM BurigHoO Bifpi3HAIOTLCS BiACYTHICTIO BakyyMy, MOXIMBICTIO
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