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EVAPORATIVE WATER AND AIR COOLERS FOR SOLAR COOLING SYSTEMS.
ANALYSIS AND PERSPECTIVES

The concept of evaporative coolers of gases and fluids on the basis of monoblock multichannel polymeric
structures is presented. Different schemes of indirect evaporative coolers, in which the natural cooling
limit is the dew point of the ambient air are discussed. In such systems the cooling temperature is lower
than the wet bulb temperature of the ambient air. Special attention is paid to the recondensation of water
vapor for deep evaporative cooling. It is shown that for the solution of the recondensation problem it is
necessary to vary the ratio of the contacting air and water flows, particularly in each stage of the multi-
stage system. Recommendations for the deep cooling process implementation in the evaporative coolers
of gases and liquids are given.
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MCNAPUTEJIbHbIE BOAO- N BO3AYXOOXITAAUTENN OANA CONMHEYHbLIX XONOAUINbHbIX
CUCTEM. AHAITN3 BO3MOXHOCTEW U NEPCMNEKTUBbI MPAKTUYECKOIO UCMOJIb30BA-
HUA

Paspabomana konyenyusi co30anusi UCRAPUMENLbHBIX 0OXIA0UMeNel 24308 U HCUOKOCMEN Ha OCHOGe men-
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HOMHO20 UCNOIb308AHUSL, MAK U 8 COCMABE COIHEUHbIX XON00ULbHbIX cucmeM. Hoevle npunyunuaivHoie
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NOMENCLATURE r  heat of vaporization (kJ kg™)
t  temperature (°C or K)

F area(md

c, isobaric heat capacity (k] kg™" K™) Greek letters

G mass flow rate (kgs™) o heat-transfer coefficient (W m?K™)
p pressure (Pa) p mass transfer coefficient (kg m?s™)
Q heat flow (W) @ relative humidity (%)

h  enthalpy (kJ kg™)
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Subscripts

a air

g das

P primary
S secondary
wb wet bulb
dp dew point
w  water

1 entrance
2 exit

I. INTRODUCTION

The interest to the opportunities the evaporative
cooling steadily increases, that is caused by their low
energy consumption and environmental cleanness [1-2,
7-10]. Evaporative water and air coolers (EC) can be
used in autonomous mode in refrigeration and air condi-
tioning systems, as well as in dessicant-evaporative cool-
ers, based on heat-driven absorption cycle, when prelim-
inary drying of the air provides high efficiency of subse-
quent EC in refrigeration systems and heat and humidity
treatment of the air in air conditioning systems.

Direct evaporative coolers of air (DEC), water cool-
ing towers (CTW), as well as indirect evaporative coolers
(IEC) found wide practical application in different areas.
The opportunities of such coolers for possible cooling
temperature level are limited by the wet bulb temperature
of ambient air t,,, which is the natural limitation of the
cooling. This considerably depends on the climatic con-
ditions. Besides the value of t,,, the limitation of the
cooling in EC is also determined by the ratio of gas and
liquid in heat and mass transfer device. The real value of
the temperature limitation of cooling is a little higher
than t,p; this should be considered in calculations and
design of EC [1].

The area of practical application of the EC methods
is determined by systems with cooling towers and air
coolers, refrigeration systems with the cooling of con-
denser, air conditioning systems for temperature and
humidity air handling.

The decreasing of the temperature level of cooling
also provides the decreasing of the water quantity used in
EC for the compensation of the evaporated water (up to
20-25%) [1-3]

Il. SCHEMATIC DIAGRAMS OF SOLAR
COOLING SYSTEMS ON THE BASIS OF HEAT-
DRIVEN ABSORPTION CYCLE AND
EVAPORATIVE COOLERS OF LIQUIDS AND
GASES

The concept of solar liquid-desiccant cooling and
air conditioning systems designing is shown in Figures 1
and 2. The principle of indirect regeneration of desiccant
is used in dehumidifying part of such systems. The de-
humidifying part consists of desorber-regenerator (DBR),
absorber-dehumidifier (ABR), solar heating system with
solar collectors SC and tank-accumulator with additional
heating source of traditional type (gas or electric heater),
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heat exchanger of “weak cooled desiccant and strong hot
desiccant” flows, and technological cooling tower for
absorber cooling (CTWH).

In cooling part of the solar absorption system the
following solutions are considered:

- chiller air cooler (Ch-Rg) is designed; the cooled
primary air flow is supplied to the cooling space — such
design is shown in Figure 1A. For cooling of the air after
absorber the cooled air from the “wet” part of the cooler
(secondary flow “B”) as it is shown in Fig. 1B.

- chiller water cooler (Ch-Rw) can be used; here
cooled water is supplied to the cooling space (Figure 2).
Part of the air flow cooled in heat exchanger (7) can be
delivered directly to the cooling space (Figure 2B), or
this can be ambient air cooled in heat exchanger (7%*);
cooled air from cooling tower CTW of the chiller Ch-Rw
can be used for desiccant cooling before absorber (in heat
exchanger on the line of cooled exhaust air flow and
strong desiccant).

Before in [1, 2, 5 and 6] the comparative analysis of
the possibilities of solar liquid-desiccant cooling and air
conditioning systems with direct and indirect regenera-
tion of the desiccant was made. Flat plate solar collector
(SC) can be used in systems with indirect regeneration of
the desiccant, and gas-liquid solar collector regenerator is
used in systems with direct regeneration [1]. Each solu-
tion has advantages and disadvantages. The results of the
present research cover the study of the solar systems with
direct regeneration of the desiccant.

I11. DESIGN OF THE HEAT AND MASS
EXCHANGERS FOR DEHUMIDIFYING AND
COOLING CYCLES OF SOLAR COOLING
SYSTEM

Chiller air cooler Ch-Rg is composed from evapora-
tive water cooler and water-air heat exchanger, in which
the air from EC is cooled at constant moisture content.
This decreases the wet bulb temperature, the natural limit
of cooling level is decreased, and it can reach the dew
point temperature. Chiller water cooler Ch-Rw is com-
posed from CTW and water-air heat exchanger. This
provides cooling of water temperature lower than the wet
bulb temperature of the ambient air.

Constructive execution of packing for all heat and
mass transfer devices (HMTD) of the dehumidifying and
cooling cycles is unified. A multichannel monoblock
structures made from polymeric materials are used for
the packing. This creates the series of channels in which
the liquid film (water in EC and desiccant in absorber
and desorber) flows down the walls. The mode of contact
gas and liquid flows can be counterflow as well as cross-
flow. HMTD with high density of packing layers are
used [1, 2, 5, 6, 9 and 10].

HMTD can be of direct type (CTWSs and air cool-
ers), as well as indirect type, when several processes are
realized in one device. For example, the primary air flow
(P) is cooled due to evaporative cooling of the liquid film
in neighboring alternate channels, when the liquid film
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interacts with the secondary air flow (S). The separating
thin wall can be made from polymeric material because
its thermal resistance is comparable to the thermal re-
sistance of liquid film. Such a way an absorber with inner
heat exchanger (Figures 1 and 2), in which the heat,
released during absorption of the water vapor by the film
of desiccant, is removed by cooled water from technolog-
ical CTW1. Desorber is made the similar way, where heat

from the solar heating system is supplied through the
channels. All the HMTDs of dehumidifying and cooling
cycles can be incorporated in one cooling unit, which can
be placed on the roof of the building as well as inside it.

Solar heating system is based on the application of
flat plate solar collectors SC, in which all the elements
are made from polymeric multichannel monoblock struc-
tures [1, 2, 5 and 6].

(Solar / Ch-Rg)

Solar liquid-desiccant air conditioning systems
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Figure 1 — Creation principle of the solar heat-driven absorption system with indirect desiccant
regeneration on the basis of chiller air cooler Ch-Rg.
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Figure 2 — Creation principle of the solar heat-driven absorption system with indirect desiccant regeneration
on the basis of chiller air cooler Ch-Rw.

I1l. THEORY THE HEAT AND MASS TRANSFER reached by the combined influence of the following pro-

IN EVAPORATIVE COOLERS Cesses:
1) heat transfer during contacting (heat transfer due to
The process of coupled heat and mass transfer dur- thermal conductivity and convection);

ing evaporative cooling is discussed in this section on the 2) heat transfer due to radiation;
example of the direct evaporative cooling of water in 3) surface evaporation of water into the air flow (diffu-
CTW. The decreasing of the water temperature is sion of water vapor in the air).
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The main role here plays the evaporation from the sur-
face (70-80% of heat released from water).

A total quantity of heat, released from water, can be
found from:

dQy =dQ, +dQg4 (1)
dQ, =aygt, —ty KF, )

The assumption is made, that the temperature gradi-
ent along the depth of the liquid film is absent and its
thermal resistance equals zero: R,,= 0. In studies of [1, 11]
it was shown that in general for polytropic process R,, #0
u Ry = Ry+ Ry The velocity of the vapor molecules from
adjoining steam and gas layer being transferred to the air is
proportional to the difference (p*y — pg), Where py is a par-
tial pressure of steam in the air located at substantial
distance from the water surface (in the core of the air
flow). The quantity of the evaporated liquid can deter-
mined from:

dg = S, Py — P HF, . 3)

where g, — is a mass transfer coefficient divided by full
partial pressure difference of water steam (kg/(m?-s)).

The heat consumed during evaporation can be
found from:

dQﬂ:r'dgp:r'ﬁp(p;_pg)dFﬂ (4)

Total transferred heat is determined from the fol-
lowing equation:

dQy =ay (tw_tg }jFa +r'ﬂp(p; ~ Py }jFﬂ ()

The partial pressure difference as a motive power of
the mass transfer process can be substituted by the differ-

ence of moisture content AX = (X; — Xg). In this case
Eq. (5) will take the following form:

dQy = atg [ty —t F +7- 8,0 —x, F  (6)

Here the assumption is made, that F,= Fz = F. This
factor usually is ignored; in [1, 2] it was shown that for
packing with tight structure the influence is great.

dQ, = ﬁx[;—g(tw —tg )X - xg )}dF )

where:

Aq

"B

le =c, (8)

For the system of water-air the ratio of heat and
mass transfer coefficients is constant. This is the expres-
sion of the similarity of the heat and mass transfer pro-
cess, which take place in the dynamic field of tempera-

tures and moisture contents. The existence of such simi-
larity, which can be expressed by Lewis relation le, is
dependant from the actuality of the undergoing in the
system processes, from the ratio of heat and mass trans-
fer surfaces. It cannot be applied if saturated wet air is
used, when «recondensation process» takes place in the
region near saturation curve. Neglecting the dependence
of r from the temperature, the following equation can be
obtained:

6Qs = Ble ltu —te )+ b —x JoF @
dQ; = Ky (1] —hy kIF (10)

where K}, — is the total coefficient of heat and mass trans-
fer (according to [11]), divided by enthalpy difference.

It shows the coupled heat and mass transfer process
intensity, which is defined by joint mechanism of con-
vection and diffusion. Eq. (9) is the main equation of the
«the method of enthalpy potential». This equation helps
to make it easier the calculation of the heat and mass
transfer process, because only one driving force is used
instead of two driving forces, which is enthalpy head.
Only one coefficient of K, is used instead of two coeffi-
cients of transfer agq and g,. When it is necessary to con-
sider the thermal resistance of the liquid film (R, # 0),
Equation (10) will take on the following form:

dQx=ph (hg" - hy) dF (11)
where hy" is the enthalpy for t;=t" and ¢, = 100%.

The analysis of the coupled heat and mass transfer.
when direct contacting of gas and liquid takes place, was
carried out for the following assumptions:

- the liquid flow rate is constant (AG,, = 0); during evap-
oration or condensation this flow rate will be changed,;
error from the assumption of substitution of dp by dx,
and from the influence of the Stephen mass flow is not
big (convective mass flow appearing from the impene-
trability of the liquid surface for the air flow; the law of
the one-sided diffusion of Stephen);

assumption, that empirical relation of Lewes equals one
(le=1). This point is related to the question of assump-
tion about equality of the exchange surfaces (F,= Fz=
=F).

thermal resistance of the liquid film is negligible R,,=0;
for polytropic process in system of water-air the ther-
mal resistance of the system is dispersed uniformly be-
tween two phases [1, 11];

additional error can be take place when the driving

force is averaged Ah, .

Approximate methods and the inaccuracy of the av-
eraging are studied in [1]; the approximate methods are
based on substitution of the equilibrium curve by
straight-line, parabolic or exponential dependence; the
values of r and c, are considered as constants for the
design range of main parameters.

The main contribution to the summary error is
brought by the assumption R, = 0 and AG, = 0. The
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value of the error can be from 10% to 15 % [1]. It is
necessary to mention that without simplifying back-
ground it is impossible to get the Eq. 10.

The equation of enthalpy balance has the following view:

Gwlcw(t\}V —t0)+ Gy [roxg + cgl(té —tO)Jz

:GchW(t\}v —t0)+ G, [roxg + c:f(tg —t, (42

GyCydt, = Gydh, (13)

This is the equation of the «working line» of the
evaporating cooling process. The main Merkel's equation
with consideration of Equation (13) can be written as
follows:

(14)

KhF _J’t\lm CWdtW
Gu t h; ~hg

The right part of Equation (14) includes only ther-
modynamic parameters of the flows; the left part in-
cludes constructive and operational characteristics of EC.

A 4 b*
-
h*_} o x =0
\{\ s H*
h*ﬂm l LAl He

I | —
b**

T

C U-type

Nl

This makes the Equation (14) convenient for practi-
cal calculations. The value of K;,-F/G,=K, has a name of
«evaporation criteriay.

For two relevant cases (o= oo (R, = 0) and ¢=
(Ry # 0)) the main equation of the «method of the enthal-
py potential» will be written as Equation (15):

1 1 m
= + )

R =R, + R, 15
K, A, Fary, > g W (15)

where m is the value accounting the saturation line cur-
vature (tangent slope of the saturation line).

Equation (15) is the equation of the «additivity of
phase resistance». It connects the total thermal resistance
in the system (RX=1/FK,) with thermal resistance of air
and water phase Ry=1/Ff, and Rw =m/Fa,, , respective-
ly. The influence of the resistance of gas or liquid film is
determined by the solubility of the gas in liquid. In [1, 2]
it is stated, that R,, can be up to 50% from Rs. In mono-
graph [11] it is stated that R, can be 27-46% from the
total resistance of the enthalpy transfer between phases.

Figure 3 — Construction of polymeric solar collector of SC-P (A, B) with the basic variants of location
of hydraulic collectors (C - D)

Denotations:

H* is a height of transparent coverage; h* is a height of channel of transparent coverage; b* is a width of channel
of transparent coverage; H** is a height of absorber; h** is a height of channel of absorber; b** is a width of
channel of absorber; H*** is a thickness of heat-insulation.

1 —corps of SC-P; 2 — absorber, 3 — heat-insulation; 4 — transparent coverage; 5 and 6 — collectors.
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Figure 4 — Distribution of liquid in channels at V=1.5 (m/s) on an entrance in U-type absorber;
the internal (d*) diameter of hydraulic collectors was varied in calculations

IV. DEVELOPMENT OF SOLAR LIQUID COL-
LECTOR SCyw TAKING INTO ACCOUNT THE
UNEVENNESS OF DISTRIBUTION OF LIQUID IN
CHANNELS OF ABSORBER SCw

In the solar refrigeration systems absorbing open-
cycle is used in composition an absorber, desorber-re-
generator and solar heater system providing the required
temperature level of regeneration of absorbent. The lig-
uid solar collectors of SCw enter in the complement of
the solar system. By authors before [1] it was worked out
SCw on the basis of polymeric materials. From polymer-

ic multichannel flags an absorber and transparent cover-
age are executed in such collector. A key problem for
liquid SCw is a problem of unevenness of distribution of
liquid in the channels of absorber. This problem is ag-
gravated in transition on polymeric materials, as an une-
venness of distribution of liquid threatens to cause tem-
perature shock (deformation of the structural elements of
SCw, executed from polymeric materials), that, along
with the decline of efficiency of transformation of solar
energy in SCw, threatens destruction of basic elements of
solar collector. Authors are execute theoretical and ex-
perimental researches of problem of unevenness. Thus,
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along with varying of geometrical sizes of absorber
(tricking into and taking pipelines and sizes of channels),
studied influence of expense of liquid and chart of ad-
mission and taking of liquid in SCw (U — type and S are
type charts).

On a figures 3-5 the got results over are brought. On
a figure 3 principle of registration of polymeric SCw and
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basic schematics is shown for SCw. Data on a figure 4
and 5 got for two basic schematics. Evidently, that a
transition from U — type charts of admission and taking
of liquid on S — type chart is substantially improved by
character of distribution of liquid in the channels of
absorber of SCw and, accordingly technical descriptions
of SCw.
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Figure 5 — Distribution of liquid in channels at V=1.5 (m/s) on an entrance in S-type absorber;
the internal (d*) diameter of hydraulic collectors was varied in calculations

22



Posgin 2. EHepreTuka Ta eHeprosbepexeHHs

Temperature, °C

Figure 6 — Performance analysis of the Ch-Rg
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V. RESULTS OF THE PRELIMINARY ANALYSIS
OF THE PERFORMANCE OF SOLAR COOLING
SYSTEMS ON THE BASIS OF HEAT DRIVEN
ABSORPTION CYCLE AND EVAPORATIVE
COOLERS

The analysis of the solar aircooler Ch-Rg for
different initial moisture contents of the air xgl is shown
in Fig. 3 (I = GP/GS = 1.0). Here the analysis is based on
the previously obtained in ONAFT experimental data
about efficiency on the coupled heat and mass transfer
process for EC [2, 3].

Initial conditions for point 2 (xgl = 3 g/kg) were ob-
tained in solar absorption desiccant system Solar / Ch-Rg
(Figure 3). LiBr (H,O+LiBr+LiNO;) [2] was used as a
desiccant. During the dehumidifying process in absorber
(process 1-2), the temperature of the dried air is in-
creased. The temperature rise could be decreased by the
application of the technological cooling tower (CTWt) —
by the increasing of the contacting flows ratio
(I = Gg¢/Gy)); but this will result in inevitably increase of
power consumption of the system. The following results
are obtained for approaching the cooling limit of
AP = (tp - typ):

Xg' = 16 g/kg: tp = 24.3°C, At** = 4.0°C;
X =3 g/kg: tp = 10.0°C, At** =14.0°C.

From Figure 3 it can be found that the level of pri-
mary flow cooling decreases rapidly when the initial
moisture content of air decreases, but the degree of ap-
proaching the cooling limit is also decreased. The curve
for the change of state of secondary air flow Gs (process
2«P» - 2«S») is sequentially cambered in direction of
«acute angle» of the h-x diagram of the humid air. Then
this curve meets the cooling limit and further follows
along the line of ¢ = 100%. The authors of [2, 3, 11]
stated, that during this conditions the «recondensation»
of the water vapor can take place, resulting in decreasing
of the efficiency of EC. For low values of initial moisture
content of air it is possible to decrease the value of the
primary and secondary air flow ratio | = Gp/Gs.

The analysis of the operation of water chiller Solar /
Ch-Rw for different initial moisture contents x," is shown
in Fig. 6 (for the same air flow ratios | = G4/G)x = 1.0
and similar distribution of cooled in EC water between
circulating cycles in water-air and «product» heat ex-
changers I* = G, /G? = 1.0).

Initial conditions for point 2 (x4" = 3 g/kg) were ob-
tained in solar absorption desiccant system Solar / Ch-
Rw (Fig. 4). The following results are obtained for ap-
proaching the cooling limit of At** = (t,2 - tap):

Xg- = 16 g/kg, t° = 24.5°C, At** = 4.5°C;
X = 3g/kg, t°=10.5°C, At**=145C

From Figure 4 it can be found that the level of water
cooling decreases rapidly when the initial moisture con-
tent of air decreases, but the degree of approaching the
cooling limit t, is also decreased. The approaching degree
of cooling in Ch-Rw is a little lower than in Ch-Rg. The
curve for the change of state of secondary air flow in
CTW is sequentially cambered in direction of the «an-
gle» of the h-x diagram of the humid air. Then this curve

meets the cooling limit of t,. For low values of initial
moisture content of air it is possible to increase the value
of the ratio I* = G, /G, in the cycles of the cooling
water for the efficiency increasing. The comparison of
Ch-Rg and Ch-Rw shows that they allow production of
«producty» flow with almost the same cooling tempera-
ture and the ratio of «product» and «general» flow is
similar (with similar power consumption). Solar absorp-
tion desiccant system (with Ch-Rg or Ch-Rw) can pro-
vide the temperature of the air tp = 10.0°C and water
t,2=10.5°C, that significantly increases the capabilities
of the practical application of the EC methods in cooling
and air conditioning systems.

VI. CONCLUSIONS

The transition from traditional indirect evaporative
cooling of water or air to the evaporative cooling of am-
bient air with preliminary cooling (chiller air-coller Ch-
Rg or water cooler Ch-Rw) allows decreasing of the
achieved temperature of the cooled air; the limitation for
such cooling is the temperature of dew point of the ambi-
ent air; this sufficiently increases the capabilities of prac-
tical application of such new evaporative coolers.

Solar liquid-desiccant cooling and air conditioning
systems are designed and the main creation principles of
such systems are discussed. Indirect regeneration (reduc-
tion) of the desiccant is used in dehumidifying part com-
posed of desorber-regenerator, absorber-dehumidifyer,
solar heating system. The cooling system can be com-
posed from chiller air-cooler Ch-Rg, when the primary
cooled air flow is delivered to the cooling space, or from
chiller water-cooler Ch-Rw, when a cooling space is
supplied by chilled water.

The main requirement for implementation of evapo-
rative cooling in such coolers is the necessity of contact-
ing flows variation (primary and secondary air flows)
and water flow rate. Without such variation of flows the
efficiency of cooling could be decreased.

The recondensation problem can influence the effi-
ciency of Solar / Ch-Rg or Solar / Ch-Rw greatly. In
order to solve this problem the ratio of the contacting
flows for evaporative cooling should be found properly.
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BUMAPHI BOOO- TA NOBITPOOXONIOAXYBAYI ANA COHAYHUX XONOAUNTbHUX CUCTEM.
AHANI3 MOXIIMBOCTEW TA NEPCMNEKTUBU NMPAKTUYHOIO BUKOPUCTAHHA

Pospobneno konyenyiio cmeopenHa GURAPHUX OXOL00JICYBAYIE 2a3i6 Ma piOUH HA OCHOGI MENIOMACOOOMIHHUX anapa-
mig i3 Hacaokolw 3 O6A2aMOKAHANLHUX NONIMEPHUX CIMPYKMYP, AK 018 A6MOHOMHO20 6UKOPUCIANHA, MAK i Y cKi1adi
COHAYHUX XON0OUNbHUX cucmem. Hoei npunyunosi piwienHs unaprux 0xoa002cy6ayie (Hunepie) 00360a:110msy 3HUIUMU
MeACY OXON0ONCEHHS cepedosuly 00 MOUKU pocU 3068HIUHb020 nogimps. Ocobaugy yeazy npudiieHo ananizy npoyecis
HU3LKOTNEMNEPAmypHO20 BUNAPHO20 OXON00XHCEHHA, 0e piuleHHs npobiemu pekondencayii (nogHo2o nacuyents nogim-
PAHO020 NOMOKY 00 1020 8UX00Y 3 HACAOKU MEeNnI0MACO0OMIHHO20 anapamy) modce 6a3y8amucs Ha NPAasUIbHO 0OPAHO-
MY Cni@8iOHOWIEHH] BUMPAmM KOHMAKMYI0UUx NOMoxKi6 2azy ma piounu.

Kniouosi cnoea. Bunapnuili oxonodocysay; Bacamoxananvna nacaoxa, Cousunuil piounnuu xonexmop, Ilonimephi

mamepianu; CnineHuii menio- ma maconeperoc; Pexonoencayis.

JITEPATYPA

1. Jlopomenko A. B. AnbTepHaTHBHAs SHEPreTHKA.
CoJHEeUYHEBIE CHUCTEMBI TeHJ’IO-XJ’Ia,I[OCHa6)K€HI/I$IZ MOHO-
rpadus. /A. B. Hopomenko, M. A. I'maybepman. —
Opnecca: OHY, 2012. — 446 c.

2. Doroshenko, A., Blyukher, B. (2012). Solar Power
Engineering (Theory, Development, Practice), Handbook
of Research on Solar Energy Systems and Technologies
IGI Global, USA, 445 p.

3. Hellman, H.-M., Grossman, G. (1995). Simulation
and analysis of an open-cycle dehumidifier-evaporator
(DER) absorption chiller for low-grade heat utilization.
Int. J. Refrig., 18(3), 177-189.

DOlI: https://doi.org/10.1016/0140-7007(95)90314-p

4. Lowenstein, A., Novosel, D. (1995). The seasonal
performance of a liquid-desiccant air conditioner.
ASHRAE Trans., US, 101: 679-685.

5. Chen G. M., Zheng J., Doroshenko A., Shestopal-
ov K. (2014). Design and modeling of a collector-rege-
nerator for solar liquid desiccant cooling system, Interna-
tional Sorption Heat Pump Conference, Washington.

6. Doroshenko, A., Shestopalov, K., Khliyeva, O.
(2014). Development of new schematic solutions and
heat and mass transfer equipment for alternative solar

26

liquid desiccant cooling systems. International Sorption
Heat Pump Conference, Washington.

7. Foster, R. E., Dijkastra, E. (1996). Evaporative Air-
Conditioning Fundamentals: Environmental and Eco-
nomic Benefits World Wide. International Conference of
Applications for Natural Refrigerants’ 96, Denmark,
IF/IR, 101-109.

8. Steimle, F. (2000). Development in Air-Conditio-
ning. International Conference of Research, Design and
Conditioning Equipment in Eastern European Countries,
September 10-13, Bucharest, Romania, IIF/IIR, 13-29.

9. Maisotsenko, V., Lelland Gillan, M. (2003). The
Maisotsenko Cycle for Air Desiccant Cooling. 21°* Inter-
national Congress of Refrigeration IIR/IIF, Washington,
D.C.

10.Hakan Caliskan, Arif Hepbasli, Ibrahim Dincer,
Valeriy Maisotsenko (2011). Thermodynamic perfor-
mance assessment of a novel air cooling cycle: Mai-
sotsenko cycle. International Journal of Refrigeration,
34(4), 980-990.

DOI: https://doi.org/10.1016/j.ijrefrig.2011.02.001
11.Sherwood T., Pigford R., Wilky C. (1982).
Masstransfer, Moskow, Chimiza, 969 p.

Otpumana B penakiii 12.07.2016, npuiiusra mo apyky 08.09.2016


https://doi.org/10.1016/0140-7007(95)90314-p

