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CCly, 3anMImaioTh MOKIIMBICT TIOPIBHIOBATH PE3YJIbTATH PO3PAXYHKY 00’ €My 3@ TEOPETHYHHUM piB-
HSIHHSAM CTaHy 3 JQHUMHU, OTPMMAaHUMH METO/I0M MAIIMHHOIO ekcrnepumenty Monre-Kapio. Takosxk
Pe3yABTATH KOMIT IOTEPHOTO MOJeoBaHHs, oTpuMaHi 1uist CF4, Oyno MopiBHAHO 3 €KCIEpUMEHTa-
neHUMH taHumi [8] (puc. 1, 2).

Ta6suus 1 — BigHocHa noxubka po3paxyHKy MOJBHHX 00 €MiB METaHy Ha JIiHii TIaBIeHHs
metooM MonTte-Kapiio Ta 3a piBHSIHHSIM CTaHy.

V, em3/Moab
LK P.Tlla Meton Monte-Kapio PiBHSHHS cTaHy 8. %
90.7 -0.008 32.87 32.81 -0.18 %
111.3 0.087 31.75 31.80 -0.16 %
131.8 0.186 30.92 30.88 -0.13 %
156.97 0.323 29.97 29.87 -0.03%
180.36 0.465 29.09 29.04 -0.17%
212.85 0.677 28.16 28.02 -0.50%
237.58 0.866 27.47 27.33 -0.51%
260.85 1.049 26.88 26.74 -0.52%
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Puc. 1 — TlopiBusiHHS pe3yabTariB po3paxyHKy Puc. 2 — TlOpiBHSHHS pe3yJIbTATIB PO3PAXYHKY
06’emy CCly 3a TeOpeTHUHUM PIBHSHHAM cTaHy (— 00 emy CF, METOZI0M Moute-Kapao

)3 IaHUMH KOMIT' FOTEPHOTO MOJIENTIOBAHHA METONIOM () 3 EKCIIEPUMEHTANILHUMU IaHUMMU [6] () o
Mownte-Kapno () -

BucHoOBKH

Tepmoaunamiuni snactusocti CHs, CF4 Ta CCls Oyno po3paxoBaHo Ha MiHIIX cyOiimarii Ta
TUTABJICHHS 3 BUKOPUCTAHHSM JIBOX ITi/IXO/IIB: 32 TEOPETUYHUM PIiBHAHHAM CTaHY Ta MOJCTIOBAHHAM
MeTo0oM Monte-Kapio. Otpumai pe3y/ibTaTti 100pe y3roLKyIOThes 3 HasBHUMU €KCTIEPUMEHTAlb-
HUMHU AaHuMH. CITiT BIIMITUTH, IO OKTYNOJb-OKTYMOIbHA B3AEMO/Iisl MOJEKYIT MPH BUCOKUX TEMIIC-
parypax Jae NuIne Manuil BKJIAX B TEPMOJMHAMIUHI (PYHKIIT, ane MpW HU3BKHX TeMmeparypax ii
BIUIUB CTAHOBUTHCS CYTTEBUM.
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THE SEARCH OF ENERGY-EFFICIENT OPERATION MODE OF
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The object of the research is the absorption water —ammonia cooling units of the pumping
(AWCU) and non—pumped type — absorption—diffusion cooling units (ADCU).

To achieve this goal, it is necessary to accomplish the following tasks:

1. To develop a methodology for thermodynamic calculation of AWCU and ADCU cycles in
the extended, in comparison with the traditional, operating temperature range, both in the part of the
heating source, and the environment and the cooling object.

2. Conduct an analysis of the calculation of thermodynamic parameters in AWCU and ADCU
in the extended range of operation parameters.

3. To develop the perspective schemes of AWCU and ADCU in the extended range of opera-
tion parameters when working in systems for obtaining water from atmospheric air.

One of the features of absorption refrigerators of all types is the interdependence of tempera-
tures in the characteristic processes of the cycle-the temperature of the heating medium ¢, , the tem-

perature of the cooling medium ¢, and the temperature of the cooling object ¢, . Of the three tem-

peratures, only two can be arbitrarily assigned.
As practice shows, the operation of the refrigeration unit should provide a given level of cool-
ing (¢,), and the installation itself should operate under appropriate climatic conditions, that is, at a

given temperature of the cooling medium. Therefore, the real parameter that can change is only the
temperature of the heating source.

Modern calculation methods do not consider such interdependence of temperatures in the ab-
sorption refrigeration cycle, since they allow the presence of a source of thermal energy with only the
necessary temperature potential.

At the first stage of the research, an algorithm was developed for calculating AWCU pump
cycles for working with low-potential sources of thermal energy.

In Fig. 1. The simplest scheme of AWCU with two regenerative heat exchangers — solutions
(RHS) and ammonia (RHA) is presented. To the generator 1, which is filled with liquid WAS, low-
potential heat is supplied, as a result of which the low-boiling component (ammonia) with small par-
ticles of water vapor will predominantly boil off from the solution. The steam enters the rectifier 2,
in which the cooled saturated WAS with the RHS 5 and the absorber 4 flows to meet the vapor stream
that comes from the generator 1. At the same time, less volatile water vapor condenses first, thereby
increasing the concentration of ammonia in the stream. Next, WAS pairs fall into the reflux condenser
3. On its cold tubes, the first condensed water vapor that remained after the rectifier 2. The presence
of the rectifier 2 and the refluxer 3 in the AWCU circuit allows almost completely to get rid of the
water vapor in the ammonia vapor stream that goes to the condenser 7. Further ammonia vapor enters
the condenser 7, liquefies with the removal of the phase transition heat, enters the RHA 8, where the
cold the ammonia vapor that comes from the evaporator 9 to the absorber 4 is preheated, thereby
increasing the thermal coefficient of the AWCU cycle.

Initial data for the calculation were adopted: a) temperature of the cooling medium 7_; b)
temperature of the cooling object 7, ; c) temperature differences on elements that do not explicitly
take into account heat exchange conditions and under-recovery of heat: temperature difference be-
tween the weak WAS and the generator's heating source of heat; temperature head in the condenser,
absorber, dephlegmator with cooling medium; temperature head between the fluxes of weak and
strong WAS at the cold end of RHS; d) refrigerating capacity of the evaporator O, .
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Fig 1. Scheme AWCU with two regenerative heat exchangers: 1 - generator; 2 - rectifier; 3 -
a reflux condenser; 4 - absorber; 5 — RHS; 6 - the pump; 7 - the condenser; 8 - RHA: 9 - evaporator

The variable parameter is the temperature of the heating source of heat 7, .
At the first stage of the research on the above algorithm, a search was made for the temperature
range of the heating source (), which would satisfy the conditions of operation of AWCU (/) and

oc
the requirements for the cooling object (7, ).

The relevance of this research was due to the fact that some modes of operation of AWCU
cannot be organized because of the insufficiently high temperature of the heating source. So, for
example, the level of cooling temperatures in the evaporator requires an appropriate pressure level
P, both in the evaporator and in the absorber. The equilibrium temperature of the strong WAS in the
absorber t,’\fpv 4 should be higher than the temperature of the cooling medium in order to ensure re-

moval of the heat of absorption. The mass fraction of ammonia in the strong WAS 5,:.},‘ is determined

”

by the values of P, and Lep d » and for the organization of the absorption process, a certain degassing

zone is necessary-the difference in the mass fractions of ammonia in the strong f,:.p_ and weak &),

WAS. In turn, the mass fraction of ammonia in the weak WAS &, is determined by the values of the

condensation-generation pressure and the temperature of the heating source.
The algorithm for searching the AWCU operating modes was as follows. At the first stage,

the temperatures of the cooling object were set 7, =minus 30 °C; minus 15 °C; minus 5 °C. For each

value?,,, , a calculation was made with a fixed value with a range of 25 ... 43 °C in steps of 1 °C. For

the given values, we calculated the circulation multiplicity with a variable in steps of 1 °C.

In case the multiplicity of the circulation is a positive value, it was concluded that the opera-
tion mode of AWCU can be realized, and otherwise. when the circulation multiplicity was negative,
it was concluded that the operating mode does not exist. An analytical relationship between the tem-
perature of the cooling medium (7,,.). the temperature of the cooling object (7, ), and the temperature

of the heating source (,) is obtained under the condition of the maximum value of the thermal coef-
ficient. The dependence has the following form [24]:

_a+bt et +dt et + fi
I+ kt,, +it) +mt  +nt,

)

h

where: a = 47,74648658; b =— 1,01853416; ¢ =0,013464939; d = — 1,12675283; e = 0,02319431, 1
=-0,00017897; k=-0,03803459; I = 0,00049505; m =—0,00750582; n=0,000151575; dimension
of temperature — °C.

The maximum error of the analytical dependence is 5.3%. The average error is 1,1 %.
The form of the surface constructed from the dependences is shown in Fig.2.

Fig.2. Dependence between the temperature of the cooling medium (7,,.), the temperature of

the cooling object (7, ) and the temperature of the heating source (7, ) under the condition of the
maximum value of the thermal coefficient.

Analysis of the obtained calculation results allows us to draw the following conclusions.

First, in the range of design parameters with increasing temperature of the outside air (cooling
medium), the necessary temperature of the heating source also increases. So, for example, with an
increase from 20 °C to 45 °C at a fixed temperature of 5 °C the temperature will increase from 65 °C
to 110 °C.

Secondly, in the range of design parameters, the increase in the temperature of the cooling
object, for example, from minus 30 °C to 15 °C at a fixed outdoor temperature of 45 °C, will result in
an increase in the required temperature of the heating source from 85 °C to 138 °C.

Thirdly, for operation in a tropical climate (35...45 °C) and a cooling object temperature of
5°C (guaranteed "dew-point" temperature), the temperature of the heating source should be above
110°C.
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