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In general, based on general physical concepts, two modes of the reflux condenser operation can be
distinguished:

a) the mode of cleaning the vapor mixture, when the wall temperature exceeds the condensation
temperature of ammonia;

b) partial condensation of pure ammonia vapors.

With the ideal operating mode of the reflux condenser, the "a" mode is realized.

The initial data for modeling are:

a) the dimensions of the lifting section of the reflux condenser;

b) the coefficients of thermal conductivity of the wall material of the reflux condenser pipe (is )

and the warm insulation material;
c) the mass flow rate of ammonia vapor at the outlet of the lifting section of the reflux condenser
"
Gex
d) the parameters of the vapor mixture flow at the inlet of the lifting section of the reflux condenser

(temperature, mass concentration).

At the inlet of the lifting section of the reflux condenser comes a vapor water-ammonia mixture with

" v
the parameters ¢, Sogt + Gt -

At a partial reflux at the initial (lower) section due to the difference in wall and flow temperatures,

ammonia concentration in it increases. The equilibrium temperature of the vapor mixture flow (9)
decreases, and at the next higher section of the reflux condenser, the wall temperature will be lower than at
the initial stage.

By changing the wall temperature along the height of the reflux condenser, there will be axial heat

transfers along the pipe section (an ).
Chilled reflux countercurrent flows of the vapor mixture along the inner wall of the reflux condenser.
The heat of reflux (Qp) after reflux heating (Q ) is discharged to the environment (Qgp, ) both in the

installation area of the thermal insulation jacket and from the free surface of the pipe.

Calculation shows that in order to ensure a complete purification of the ammonia vapor stream under
the severe conditions of ARU operation, the thickness of the thermal insulation of the refluxing section in the
form of a fiberglass cloth should be 3...4 mm thick.

We realized model concepts of thermal and hydraulic modes of an AWRU refluxer in the Simulink
simulation environment of the MATLAB program.

According to the above algorithm, we performed calculation of temperature fields for a refluxer with
a diameter of 16x1.4 mm. Pipe material is structural steel (d;,;=45 W/(m-K)). Thermal insulation material of a
casing is a fiberglass cloth (A4=0.056 W/(m-K)).

A WAM flow with a temperature varying in dependence on the ambient air temperature goes to the
inlet of AWRU refluxer.
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Taking into account the same results, we set mass flow rates at the inlet of a refluxer at thermal
loads: 70; 100 and 150 W. Further, we modelled thermal modes of a refluxer of a size of 0.20 m with 20
elementary sections the size of 0.01 m.

We considered two options of refluxer operation: without heat insulation of a lifting section and
operation under ideal adiabatic conditions.

In the first case, the modeling went at temperatures: 10; 17; 25 and 32 °C, and in the second case, at
10 and 25 °C. The lower limit of the modeling range (10 °C) corresponds to the international class of
performance of a household appliance SN, and the upper limit — to the moderate climate [1].

Analysis of modeling results made it possible to reveal a significant calculation difference of
temperatures between a WAM flow and a wall of a AWRU refluxer.

Table 1 shows the data obtained.

Table 1. Calculation difference of temperatures difference between a WAM flow and a wall of
an AWRU refluxer

Lifting area refluxer without thermal insulation

Thermal Ambient air temperature, °C
loading of AWRU 10 17 25 32
solar generator, W
70 19 18 15 16
100 29 28 28 24
150 36 34 32 29
Lifting area refluxer with thermal insulation coating
Thermal Ambient air temperature, °C
loading of AWRU 10 - 25 —
solar generator, W
70 13 — 16 -
100 23 — 23 —
150 28 — 28 —

An analysis of the results obtained showed that the minimum temperature difference between a
WAM flow and a wall of an AWRU refluxer takes place under adiabatic operation conditions of a refluxer
when there is no environmental effect.

The obtained results confirmed the well-known fact [2, 3] about inoperability of AWRU of a
standard structure under conditions of low ambient temperature (10 °C) and minimum thermal loads on a
thermosiphon generator (70 W).

When a thermal load increases, a launch of AWRU starts (at 100 and 150 W). At 100 W of thermal
load, the temperature at the outlet of a refluxer is 64 °C. At a pressure in the system of 2.0 MPa, mass
concentration of a vapor WAM is 0.997, i.e., almost pure ammonia is moving. At a thermal load of 150 W,
the temperature at the outlet of a refluxer is 73 °C, and mass concentration is 0.994.

Starting with the ambient air temperature, which corresponds to 17 °C, even at a minimum load,
almost pure ammonia vapor flows into a condenser. At the same time, there is a WAM flow with the mass
concentration of 0.990 at half a length of a refluxer (in the upper part).

At 25 °C and a thermal load of 150 W, a vapor front advances to the end of a refluxer and a regular
WAM cleaning mode is realized.

The same effect takes place with a thermal load of 70 W, but at an ambient air temperature of 32 °C
already.

Under adiabatic conditions, passing of a WAM BAC flow at outdoor air temperature of 10 °C takes
place even with a minimum thermal load of 70 W. We can determine this mode by the wall temperature of a
refluxer, which in some tests [2, 3, 4] is about 65 °C. The temperature corresponds to the minimum
temperature in a refrigerating chamber and temperature at the end of boiling of WAM not exceeding 170 °C.
The limitation on boiling temperature relates to an exponential increase in intensity of corrosion processes in
a heat input zone of a solar generator [5].

With a thermal load of 100 W in the final section of a refluxer, temperature reaches 88 °C, which
corresponds to a mass concentration of ammonia in WAM flow — 0.985, and at a thermal load of 150 W,
flow temperature is 93 °C and a mass concentration is 0.970.
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At an air temperature of 25 °C and a thermal load of 70 W, temperature of a WAM flow at the outlet
of a refluxer is 81 °C, and the mass concentration of ammonia in WAM flow is 0.996, at a thermal load of
100 W and 150 W — temperatures are, respectively, 88 °C and 93 °C, and mass concentrations are 0.985 and
0.977.

We verified the above modeling results in the framework of experimental studies. We got
convergence sufficient for engineering calculations, which does not exceed 5 °C.

CONCLUSIONS

1. We developed a technique for modelling of heat and mass exchange modes of AWRU refluxes in
the composition of solar water producing systems from atmospheric air. A distinctive feature of the
presented technique is accounting for resistance to mass transfer in the process of diffusion of water vapour
from the center of a flow to a wall of a refluxer. We confirmed the reliability of the modelling methodology
in the course of experimental studies of a typical household absorption refrigeration unit. The method made
possible analytical determination of numerical values of a temperature difference between a vapour WAM
flow and a refluxer wall. We can use modelling results to design systems for automatic control of energy-
saving modes of AWRU at operation in a wide range of outdoor temperatures.

2. We developed an approach to creation of systems of energy-saving management of AWRU in a
wide range of outdoor air temperatures (10— 32 °C) at operation in solar systems for obtaining of water from
atmospheric air. The base of the approach is changing of heat exchange conditions at the outlet of a refluxer
in the automatic control mode using a bellows filled with a low-boiling liquid.
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