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support system of manned spacecraft in long space missions and on the International Space Station.
However, the majority of publications give the integral characteristics of the CDS operation, namely the
production of the Gd system (in distillate), kg/h; specific power consumption SPC, W-h/kg; the degree of
water recovery from the original (processed) liquid %; and some indicators of the quality of the water
obtained.

To create a theoretical model of CDS with a view to further improve it and optimize the design of the
centrifugal distiller and the system as a whole, the data available in the published literature are insufficient.
Attempts at modeling CDS were made in [28]. For the development, without proof of their suitability, the
authors used some relationships to calculate the heat transfer coefficient during condensation and
evaporation and did not take into account the temperature depression that occurs when the initial solutions
are evaporated in the distiller. In addition, the thermal resistance of the wall was not taken into account in
the calculation of heat transfer, which, as will be shown in part 3 of our article, can make up to 30 % of the
total heat transfer. All this leads to a distortion of such important factors in assessing the efficiency of a
thermoelectric heat pump (THP) as the difference in the temperature of liquid flows at the inlet of the
device Afiv and the average temperature of liquids in the device Afayv.

From the data presented in our report [8] it follows that at the same rotational speeds of the distiller
rotor, with decreasing THP power, a decrease in the specific energy consumption at CDS is observed,
which was also noted in our works [19, 20]. The effect of this factor on the efficiency of THP and the value
of system SPC has not been studied in more detail.

An important parameter of the efficiency of CD + THP system is also the degree of recovery. The
larger this value, the smaller the amount of residue. In test trials of all works in the period from 1990 to
2017 there is no critical analysis of the possibility of achieving the maximum degree of recovery.

Experimental test bench for the study of integral characteristics of CD with THP

As already mentioned, in the period from 2000 to 2007, three identical five-stage centrifugal
distillers were developed and manufactured by “TD” Co: the first one, in 2001, the second in 2002 and the
third in 2006. Also, two thermoelectric heat pumps, developed and manufactured by the Institute of
Thermoelectricity of the NAS and MES of Ukraine (ITE), were transferred to Honeywell International Inc.
These devices were then tested in various versions at several test benches in the United States, including
the NASA test bench.

Before shipment to the USA, the devices were tested at the “TD” Co. test bench.

Fig. 1 is a diagram of the test bench which was used by “TD” Co. for testing three distillers and two
heat pumps.

The main and auxiliary equipment of the bench is combined by a system of pipelines that form two
circulation circuits. In one of them (“hot”) the evaporated solution circulates, and in the other (“cold”) -
distillate.

The test bench works as follows. The engine of the distiller 1 is switched on, providing given
revolutions of the distiller rotor. The vacuum pump 7 sets the required pressure in the apparatus, which
corresponds to the required boiling point of the solution. From the tank 13, the cold circuit is filled with
distillate, in which the distillate is circulated through the distiller condenser 1, salimeter 9, rotameter 14, the
cold side of the THP 2, heat exchanger-cooler 3 and again the distiller condenser. The “hot” circuit is filled
from the tank 4 to the level set by the control valve 6. In the hot circuit, the solution circulates from the
evaporator of the distiller 1 through the rotameter 14 to the hot side of the THP 2 and again to the
evaporator of the distiller 1. When the electric power is supplied to the THP 2, the condensate is cooled in
the "cold" circuit and the solution is heated in the "hot" circuit. The solution superheated in THP 2 relative
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to the saturation temperature in the evaporator of distiller 1 partially evaporates, and the obtained steam is
used as a heating agent in the next stage of distillation evaporation, the steam obtained in the last stage of
the distiller is condensed in the contact condenser of distiller 1. Excess distillate from the cold circuit is
automatically discharged into the distillate tank 5.

Valve 6 compensates with the fresh solution the evaporated part of the solution circulating in the hot
circuit. At the same time, an increase in the concentration of dissolved substances occurs in it. Due to the
fact that in THP 2 Qr = mr-cpr(¢2 — t1) > Ox = mx-cpx(t4 — £3), to ensure the stationarity of the process, the
excess heat is removed by the heat exchanger-cooler 3 to the environment.
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Fig.1. Diagram of the experimental test bench
1 — centrifugal vacuum distiller,; 2 — thermoelectric heat pump;
3 — heat-exchanger-cooler, 4 — outlet solution, 5 — distillate collector,
6 — system power control valve,; 7 —vacuum pump, 9 —salimeter, 10 —electronic balance,
11 —vacuum gauge, 13 — distillate container for refueling, 14 - rotameters;
15 —shut-off valve; 16 — circuit emptying containers.

After the experiment, the THP 2 power supply is turned off, and the cold and hot circuits are emptied
into the corresponding containers 16.
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The temperature was measured at the inlet and outlet of the thermal battery on the hot (71, ) and cold
sides (23, t4), behind the heat exchanger-cooler in the cold circuit (¢5) and at the inlet and outlet of the heat
exchanger-cooler on the cooling side (%, 7). The temperatures in the hot and cold circuits were measured
with chromel-kopel thermocouples at an accuracy of + 0.1 °C.

The pressure in the apparatus was measured with a vacuum gauge 11 with a measuring scale of
-1 ... 0 bar (accuracy class 1.0) complete with a barometer.

The mass of the obtained distillate (product) and the initial solution was measured by electronic
balance, the measurement accuracy of + 2 g, the measurement range of + 10 kg.

The salinity in the cold circuit was measured with a Hanna salimeter (0 ... 999ppm).

The drive power of the engine and heat pump was measured on the basis of voltmeters and
ammeters, accuracy class 0.5. Revolutions were measured with a tachometer with an accuracy of = 1 rpm.

Calculated values

Production in kilograms per hour:
Ga=2Gd/Ar, ()

where XGy is the total mass of the obtained distillate in the tank 13, measured by the weights; At is the
measurement time interval.

Power consumption in watts for the main components of the CDS test product:
W= Wmr + Wcp , (2)

where Wrnp and Wep is the average power consumed by THP and CD, respectively, over the period from
the start to the stop of the distiller. The energy consumption of the vacuum pump was not taken into
account at this stage.

Specific power consumption (SPC), W-h per kg of produced water:

SPC = WIG, W-h/kg. (3)

Degree of recovery:
R=Gq/ G, 4)

where Gi, = 2Gj,/At is the mass of the consumed solution during the experiment, calculated by the weights
in the tank 16.
Heat pump efficiency:

COP=Q,/ Wrup , (5)
where O, = GCy(t> — 1), W, G: is flow rate of the liquid (solution) in the hot circuit; C, is the average

isobaric heat capacity of the solution, kJ/(kg-K).

Test results

Table presents a typical list of measured key indicators when concentrating urine.
Here, production stands for distiller capacity, TDS is total number of dissolved solids.
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Table

Typical table of measured values (urine, n=)I1200 rpm
Time Drive THP Weight TDS Flow Product{SPC Temperature
10N
Hotin |Hot | Cold |Cold
U | I w U 1 W |in out hot |Cold THP  |out |in THP |out
THP THP
Min V| A W \'% A W mg/l I/h kg/h | W h/kg e
0 2421 3.1 75.0 | 20.5 | 10.08 | 206.6 0 0 12 60 | 82 0.00 0.0 23.2 |23.1] 229 229
6 242 3.1 75.0 | 225 10.9 | 245.3 288 184 22 60 | 82 1.84 | 174.1 | 31.8 |43.7| 234 22.7
12 2421 3.1 75.0 | 28.5 143 | 407.6 | 634 602 38 60 | 82 | 4.18 [ 174.1 | 37.5 |483| 245 22.4
18 2421 3.1 75.0 | 29.2 14 408.8 | 1122 1070 51 60 | 82 | 4.68 | 103.4 | 38.7 |494| 25.1 22.3
24 242 31| 750 32 144 | 460.8 | 1584 | 1528 | 61 60 | 82 | 4.58 | 117.0 | 38.8 |50.8| 25.1 | 22.0
30 242 3.1 | 750 | 31.8 | 152 | 483.4 | 2078 | 2006 | 67 60 | 82 | 4.78 | 116.8 | 39.4 |51.5| 25.2 | 22.1
36 2421 3.1 75.0 | 323 14.22 | 459.3 | 2592 | 2502 73 60 | 82 | 496 | 107.7 | 40.0 | 522 254 22.1
42 242 3.1 75.0 | 32.1 15.24 | 489.2 | 3110 | 3004 76 60 | 82 5.02 | 1124 | 40.0 |522]| 254 22.3
48 2421 3.1 75.0 | 31.9 15.2 | 484.9 | 3628 | 3500 79 61 | 82 | 496 | 112.9 | 40.1 |52.1| 249 22.0
54 242 3.1 75.0 | 324 | 15.36 | 497.7 | 4136 | 3990 82 61 | 83 | 490 | 1169 | 40.3 |52.2| 25.1 22.1
60 2421 3.1 | 750 | 33 15.6 | 514.8 | 4656 | 4492 | 84 62| 83 | 5.02 | 117.5 | 40.7 |53.5| 249 | 22.0
66 2421 3.1 75.0 | 33.2 | 15.64 | 519.2 | 5182 | 5006 87 62 | 83 5.14 | 1156 | 409 [53.2| 249 22.1
72 242 3.1 | 75.0 | 33.1 | 15.56 | 515.0 | 5702 | 5508 | 90 63 | 83 | 5.02 | 117.5| 409 |53.1| 249 | 22.0
78 2421 3.1 | 750 | 33 15.58 | 514.1 | 6220 | 6010 | 92 64 | 83 | 5.02 | 117.4 | 409 |532| 249 | 22.0
84 242 3.1 75.0 | 33.2 | 15.72 | 521.9 | 6740 | 6510 94 65| 83 5.00 | 1194 | 41.0 |53.5| 24.8 22.0
90 2421 3.1 75.0 | 33.2 | 1546 | 513.3 | 7250 | 7010 96 67 | 83 5.00 | 117.7 | 41.0 | 53.5| 24.8 22.0
96 2421 3.1 75.0 | 32.8 | 15.34 | 503.2 | 7755 | 7500 97 68 | 83 | 490 [ 118.0 | 41.0 |53.1| 24.6 22.0
102 2421 3.1 75.0 | 32.9 15.4 | 506.7 | 8175 | 8000 98 71 | 83 5.00 | 116.3 | 41.0 | 53.1| 24.8 22.0
108 |242| 3.1 ]| 75.0 0 0 0.0 | 8280 | 8205 | 96 71 | 83
Average | 242| 3 75.0 492.8 75 493 | 115.1
Total 8280 | 8205
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The identity of performance of three models of multi-stage centrifugal distillers with two THPs
Figs. 2 and 3 show the results of the concentration of urine from three distiller models with a heat
pump power of N =400 W and a rotational speed of 1200 rpm for 60 minutes. It can be seen from the
figures that the production G4 and the specific power consumption SPC of all three samples of centrifugal
distillers are close. The discrepancy of data on these indicators at the same time T does not exceed 5 %.
This result allows us in the further analysis of the results of the various tests not to indicate the
distiller number.

Production of CD5-1,CD5-2,CD5-3 when operating
Gy kg/h on urine, n=1200rpm, N,,,=400W
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Fig.3 Time dependence of specific power consumption for different distillers,
W =400 W (without account of engine)
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The identity of the THP is shown in Fig. 4, from which it follows that when operating on the same
sample of the CD5-3 distiller with different heat pumps THP-1 and THP-2, the production with the same
heat pump power is identical.

Production of CD5-3 when operating on urine,

G.kg/h n=1200 rpm, N,,,, = 400W
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Fig. 4. Time dependence of system production for two
samples of thermoelectric heat pumps

Temperatures

Fig. 5 shows temperature change in online mode when processing urine with the initial concentration
C =15 %, rotations n = 1100 rpm and heat pump power Nrip = 400 W.

After turning on the distiller, after 10 minutes, the temperatures of the liquids in the hot and cold
circuits reach the operating value.
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Fig.5a The dependence of temperatures on the time
of the experiment (Water)
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Fig.5b The dependence of temperatures on the time
of the experiment (Urine)
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Fig.5c The dependence of temperatures on the time of the experiment (NaCl)
—+=hevin - solution temperature at the inlet to the heat pump in the “hot” circuit (1;), °C;
hot- . . I
TEERR Solution temperature at the outlet of the heat pump in the “hot” circuit (1), °C;
—Acddin - distillate temperature at the inlet to the heat pump in the “cold” circuit (t;), °C;

Teeldeut gistillate temperature at the outlet of the heat pump in the “cold” circuit (), °C;

e average temperature head at the heat pump, At., = 0,5(t; + t2) — 0,5(t3 + t4), °C;

e average temperature head at the inlet to the heat pump, Aty = t; — t3, °C;
When concentrating a NaCl solution and urine, the temperatures in the hot circuit increase
throughout the experiment due to an increase in the physical-chemical temperature depression during
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evaporation. In turn, this increases the overall average temperature head at the heat pump (At.y) and the
average temperature head at the inlet to the heat pump (A#n), which affects the efficiency of the heat pump.

Production

It can be seen from Fig. 6 that when NaCl and urine are concentrated, the production is lower than
that obtained when working on the distillate and decreases during the experiment due to an increase in
temperature depression.

SPC, Wh/kg

5,8
5.6 ¢ Water
5,4
B NaCl
5,2
> Urine
4,8
‘ 4,6 — Linear (Water)
4,4
4,2 Polynomial (NaCl)
4
0 20 40 60 80 100 Polynomial (Urine)
{, min

Fig. 6 The production of the distiller depending on the type of processed
solution (n = 1100 rpm; N = 400 W).

Figure 7 shows the effect of heat pump power on the production of the distiller. The experiments
were performed on urine at the same distillation speed (z = 1000 rpm). The amount of distillate obtained in
all experiments was 5 kg, which corresponded to recovery = 0.9. The greater the power of the heat pump,
the higher the system production. In so doing, for each power in the initial 15 minutes there is an increase
in the production (the device enters the operating mode), after which, due to an increase in the
concentration of the solution in the hot circuit, the temperature depression increases and the production
decreases. At the same time, the higher the power, the greater effect on the production is produced by
temperature depression.

At the same time, as can be seen from Fig. 8, the higher the power supplied to the heat pump, the
higher the specific energy consumption for producing one kg of distillate. Thus, from an energy point of
view, it is more efficient to work at low heat pump powers.

In all tests performed, the quality of the obtained distillate met all the requirements to potable water.
When processing NaCl, TDS in the “cold” circuit did not exceed 10 ppm. When processing urine,
TDS < 100 ppm; COD (chemical oxygen demand) < 15 mg//; ammonia NH3 + NH4 <5 mg//.
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Fig. 7 Effect of heat pump power on the distiller production (n = 1000 rpm)
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Fig. 8 Effect of heat pump power on the specific power consumption
of the distiller without account of engine power (n = 1000 rpm)

Conclusions

1. This paper presents the results of measuring local parameters of distillation system (temperature in the
“hot” and “cold” circuits, production, specific power consumption, TDS) in online mode with a
change in testing time from 30 to 200 min, rotation speed n = 8§00...1200 rpm, NTHP = 150...600 W.

2. The identity of three manufactured multi-stage centrifugal distillers with 5 stages and 2 thermoelectric
heat pumps is shown.

3. A decrease in SPC with a decrease in NTHP both locally, i.e. at a certain value of time 1, and on the
average for the concentration of urine and NaCl solution at the same speed and total amount of
distillate obtained has been noted.

4. Measured in all the tests, the main characteristics of distillate quality TDS, NH4, TOC meet the
requirements to potable water.

14 Journal of Thermoelectricity Ne2, 2019 ISSN 1607-8829



Rifert V.G., Anatychuk L.1., Barabash P.O., Usenko V.I., Solomakha A.S., Petrenko V.G., Prybyla A.V. ...
Part 2. Study of the variable characteristics of a multi-stage distillation system with a thermoelectric heat...

References

1. Rifert V., Barabash P., Goliad N. (1990). Methods and processes of thermal distillation of water
solutions for closed water supply systems. SAE Paper 901249, 20th Intersociety Conference on
Environmental Systems (Williamsburg, July 1990).

2. Samsonov N., Bobe L., Novikov V., Rifert V., et al. (1994). Systems for water reclamation from
humidity condensate and urine for space station. SAE Paper 941536, 24th International society
Conference on Environmental Systems (June, 1994).

3. Samsonov N.M., Bobe L.S, Novikov V., Rifert V.G., Barabash P.A, et al (1995). Development of urine
processor distillation hardware for space stations. SAE Paper 951605, 25th International Conference
on Environmental Systems (San Diego, July 1995).

4. Samsonov, N.M., Bobe, L.S, Novikov, V., Rifert, V.G., et al. (1997). Updated systems for water
recovery from humidity condensate and urine for the international space station. SAE Paper 972559,
27th International Conference on Environmental Systems (Nevada, July 1997).

5. Samsonov N.M., Bobe L.S, Novikov V., Rifert V.G., et al. (1999). Development and testing of a vacuum
distillation subsystem for water reclamation from urine. SAE Paper 1999-01-1993, 29th International
Conference on Environmental Systems, 1999.

6. Rifert V., Usenko V., Zolotukhin I., MacKnight A., Lubman A. (1999). Comparison of secondary water
processors using distillation for space applications. SAE Paper 99-70466, 29th International
Conference on Environmental Systems (Denver, July 1999).

7. Rifert V, Stricun, A., Usenko, V. (2000). Study of dynamic and extreme performances of multistage
centrifugal distiller with the thermoelectric heat pump. SAE Technical Papers 2000. 30th International
Conference on Environmental Systems (Toulouse; France, 10-13 July 2000).

8. Rifert, V., V. Usenko, 1. Zolotukhin, A. MacKnight and A. Lubman (2001). Design optimisation of
cascade rotary distiller with the heat pump for water reclamation from urine. (2001). SAE Paper 2001-
01-2248, 31st International Conference on Environmental Systems (Orlando, July 2001).

9. Rifert, V. G., Usenko V.I., Zolotukhin I.V., MacKnight A. and Lubman A. (2003). Cascaded distillation
technology for water processing in space. SAE Paper 2003-01-2625. 34st International Conference on
Environmental Systems (Orlando, July 2003).

10. Lubman A, MacKnight A, Rifert V, Zolotukhin I. and Pickering K. (2006). Wastewater processing
cascade distillation subsystem. design and evaluation. SAE International, 2006-01-2273. July 2006.

11. Lubman A., MacKnight A., Rifert V. and Barabash, P. (2007). Cascade distillation subsystem hardware
development for verification testing. SAE International, 2007-01-3177, July 2007.

12. Callahan M., Lubman A., MacKnight A., Thomas H. and Pickering K. (2008). Cascade distillation
subsystem development testing. (2008). SAE International, 2008-01-2195, July 2008.

13. Callahan M., Lubman A. and Pickering K. (2009). Cascade distillation subsystem development:
progress toward a distillation comparison test. (2009). SAE International, 2009-01 -2401, July 2009.

14. Callahan M., Patel V. and Pickering K. (2010). Cascade distillation subsystem development: early
results from the exploration life support distillation technology comparison test. American Institute of
Aeronautics and Astronautics, 2010-6149, July 2010.

15. McQuillan Jeff, Pickering Karn D., Anderson Molly, Carter Layne, Flynn Michael, Callahan Michael,
Vega Leticia, Allada Rama and Yeh Jannivine. Distillation technology down-selection for the
exploration life support (ELS) water recovery systems element. 40th International Conference on
Environmental Systems, AIAA 2010-6125 (Barcelona, Spain. July 2010). .

16. Patel V., Au H., Shull S., Sargusingh M., Callahan M.. (2014). Cascade distillation system — a water
recovery system for deep space missions. [CES-2014-12, 44 International Conference on

ISSN 1607-8829 Journal of Thermoelectricity Ne2, 2019 15



Rifert V.G., Anatychuk L.1., Barabash P.O., Usenko V.I., Solomakha A.S., Petrenko V.G., Prybyla A.V. ...
Part 2. Study of the variable characteristics of a multi-stage distillation system with a thermoelectric heat...

Environmental Systems (Tucson, Arizona, July 2014).

17. Loeftelholz David, Baginski Ben, Patel Vipul, MacKnight Allen, Schull Sarah, Sargusingh Miriam,
Callahan Michael. (2014). Unit operation performance testing of cascade distillation subsystem. 44th
International Conference on Environmental Systems, 13-17 July 2014 (Tucson. Arizona).
ICES-2014-0014.

18. Callahan Michael R., Sargusingh Miriam J. (2014). Honeywell cascade distiller system performance
testing interim results. American Institute of Aeronautics and Astronautics.

19. Rifert V.G., Anatychuk L.I., Barabash P.A, Usenko V.., Strikun A.P., Prybyla A.V. (2017).
Improvement of the distillation methods by using centrifugal forces for water recovery in space flight
applications. J.Thermoelectricity, 1, 71-83.

20. Rifert Vladimir G., Barabash Petr A., Usenko Vladimir, Solomakha Andrii S., Anatychuk Lukyan I.,
Prybyla A.V. (2017). Improvement of the cascade distillation system for long-term space flights. 68th
International Astronautical Congress (IAC) (Adelaide, Australia, 25-29 September 2017). IAC-17-
AL1.IP.25.

21. Anatychuk L.I.., Prybyla A.V. (2015). Optimization of thermal connections in thermoelectric liquid-
liquid heat pumps for water purification systems of space application. J. Thermoelectricity, 4, 45 — 51.
22. Anatychuk L.I., Prybyla A.V. (2015). Optimization of power supply system of thermoelectric liquid-

liquid heat pump. J. Thermoelectricity, 6, 53 — 58.

23. Anatychuk L.I., Rozver Yu.Yu., Prybyla A.V. (2017). Experimental study of thermoelectric liquid-
liquid heat pump. J. Thermoelectricity, 3, C. 33 — 39.

24. Anatychuk L.I., Prybyla A.V. (2017). Limiting possibilities of thermoelectric liquid-liquid heat pump.
J.Thermoelectricity, 4, 33 — 39.

25. Anatychuk L.I., Prybyla A.V. (2017). The influence of quality of heat exchangers on the properties of
thermoelectric liquid-liquid heat pumps. J.Thermoelectricity, 5, 33 — 39.

26. Anatychuk L.I., Prybyla A.V. (2017). On the coefficient of performance of thermoelectric liquid-liquid
heat pumps with regard to energy loss for heat carrier transfer. J. Thermoelectricity, 6, 33 — 39.

27. Rifert V.G., Anatychuk L.I., Barabash P.O., Usenko V.I., Strikun A.P, Solomakha A.S., Petrenko V.G.,
Prybyla A.V. (2019). Evolution of centrifugal distillation system with a thermoelectric heat pump for
space missions. Part 1. Review of publications on centrifugal distillation in the period of 1990 — 2017.
J.Thermoelectricity, 1, 5-15.

28. Perry Bruce A., Anderson Molly S. (2015). Improved dynamic modeling of the cascade distillation
subsystem and analysis of factors affecting its performance. 45th International Conference on
Environmental Systems 12-16 July 2015 (Bellevue, Washington). ICES-2015-216.

Submitted 30.04.2019

Pudepr B.I'., oox. mexn. nayx '
Anarmayk JLL., axao. HAH Ypaiu®
Bapa6am I1.O., kano. mexn. nayx’
Ycenko B.1., dox. mexn. nayx!
Coaomaxa A.C., kaHO. mexH. HayK'*
Herpenko B.I'., kano. mexu. nayx’
Mpuéyaa A.B., kauo. ¢iz.-mam. nayx

Crpukyn A.IL!

16 Journal of Thermoelectricity Ne2, 2019 ISSN 1607-8829



Rifert V.G., Anatychuk L.1., Barabash P.O., Usenko V.I., Solomakha A.S., Petrenko V.G., Prybyla A.V. ...
Part 2. Study of the variable characteristics of a multi-stage distillation system with a thermoelectric heat...

'HTV «KIIW», Byn. [Nonitexniuna, 6,
Kwuis, 03056, Ykpaina;
’[HCTHTYT TepMOETeKTpHUKH, By1. Hayku, 1,
UYepnisii, 58029, Ykpaina;
e-mail: anatych@gmail.com

EBOJIIOIIA CUCTEMH BIILEHTPOBOI JTUCTUJSIIIT
3 TEPMOEJIEKTPUYHUM TEIIJIOBUM HACOCOM
JJISI KOCMIYHUX MICIH
Yactura 2. JlocmimKeHHS 3MiHHIX XapaKTePHUCTHK CHCTEMU
baratocryminyacroi nuctmsnii (CME/]) 3 TepMoenekTpuaHuM
teruioBuM HacocoM (THP)

Y pobomi masedeni pesynemamu eunpodysanv Oazamocmyninuacmozo (5 wabnie) 6i0yeHmposo2o
oucmunamopa (CME]J]) 3 euxopucmahnHam O 3HUNCEHHS €HEPSOCHONCUBAHHA MEPMOENeKMPUUHOL0
mennosoeo nacoca (THP). ¥V docsioax samipsiiu 10KansHi (Y pesrcumi OH-1atin) Oaui cucmemu Oucmuisiyii,
maki aK memnepamypa piouH (8UXiOHOT U Oucmunamy) RPOOYKMUBHICIb, WO meue, 3a2albHUl
coneemicm, NumMomy eumpamy eHepeii npu pisHuX WEUOKOCMAX 00epmaHHs pOmopa OUCMUIAmopa,
nomyxcrnocmi THP, cmyninb KOHYeHmpysanus. 3aeanvha mpusaiicms eunpobyeaus ckiana oinvus 700
200uH, Kinekicmo nepepoonenoi piounu (NaCl i ypunu) cxnana 6inewr 2000 xe. HocniodcenHs mpvox
oucmunamopie i o0eox THP i nopieuaunna ix pe3yiemamié NOKA3AN0 IXHIO [OeHMUYHICMb, WO
Xapaxmepu3sye 6UcoKa AKICMb 6UeOMOGNEHHs yux npucmpois. Ompumani dani napamempie excniyamayii
(0bepmu n i nomyaxcuicme THP), mosxcyms Oymu @uKopucmani 0is ONMuMizayii KoHempykyii il pexcumie
excnyamayii pooomu eciei cucmemu C/[ + THP. bion. 28, puc. 8, mabn. 1.
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3BOJIIOIUS CUCTEMBI IEHTPOBEKHOM JUCTUJLISIIANA
C TEPMODJIEKTPUYECKHUM TEIIJIOBBIM HACOCOM
JIJII KOCMUYECKHUX MACCHI

Yacts 2. UccnenoBanue nepeMEeHHBIX XapaKTEePUCTHK CUCTEMBI
MHOTOocTyneHuaroi nuctrumsmun (CME]]) ¢ TepMOo3IeKTpUIecKuM
TermoBsIM Hacocom (THP)

B pabome npugedenvl pezynomamul UCHbIMAHUN MHO2OCMYREHYAMO20 (5 cmynenetl) yeHmpooeiICcHo2o
oucmunismopa (CME]]) ¢ ucnoavzosanuem 015 CHUdNCEHUSL IHEP2ONOMpedIeHUs MEPMOITIEKMPULECKO2O
mennosoeo Hacoca (THP). B onvimax samepsnu J10OKaibHble (8 pedicume OH-IAlH) OaHHble CUCHEeMbl
oucmuiiAYuY, maxKue Kak memnepamypa cuokocmeil (UCXOOHOU U  OUCTHUTIAMA), MEKYWyio
NPOU3BOOUMENLHOCY, 00Wee Coaeco0epicanue, YOelbHblll pacxo0 SHEpSUU NpU PA3HLIX CKOPOCSAX
epawenuss pomopa  Oucmunnsmopa, mownocmu THP, cmenens  xonyenmpuposanus. Obwast
npoOOIICUMENLHOCMb  UCHbImanull  cocmaguna 6onee 700 uacos, Konuuecmeo nepepabomaHHou
arcuoxkocmu (NaCl u ypunst) cocmasuna 6onee 2000 ke. Hccneoosanue mpex oucmuniamopos u 0eyx THP
U cpagHeHue ux pe3ynbmamos NOKA3AI0 UX UOEHMUYHOCMb, YMO XApaKmepusyem 6blCOKOe Kauecmeo
uzeomosnenuss smux ycmpoticmeg. Ilonyyenvl Oannvle napamempos 3Kchiyamayuu (060pomvl n u
mownocmv  THP), moeym  Oblmb  UCNONB306aHbL 0Nl ONMUMUAYUU  KOHCIPYKYUU U PEICUMOB
axcnayamayuu pabomul eceui cucmemvt CI{ + THP. bubn. 28, puc. 8, maon. 1.

KiroueBbie cJI0Ba: TEPMO3JICKTPUIECTBO, TEIDIOBOW HACOC, TUCTUIIATOP.
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COMPUTER SIMULATION OF HUMAN SKIN CRYODESTRUCTION
PROCESS DURING THERMOELECTRIC COOLING

The paper presents the results of computer simulation of human skin cryodestruction process with
regard to thermophysical processes, blood circulation, heat transfer, metabolic processes and
phase transition. The physical, mathematical and computer models were built for human skin, on
the surface of which there is a cooling element at a temperature of -50 ° C. The distribution of
temperature and heat fluxes in human skin was determined in cooling mode. The obtained results
make it possible to predict the depth of freezing of the skin and, accordingly, biological tissue at a
given temperature effect.

Key words: human skin, temperature exposure, cryodestruction, phase transition, computer
simulation.

Introduction

It is well known in medical practice that temperature exposure is an important factor in the
treatment of many diseases of human body [1-3]. One of the promising lines is cryodestruction - a set of
surgical treatment methods based on local freezing of the biological tissue of human body. Such cooling
is mainly realized using special cryotools using liquid nitrogen [4 8]. However, the use of liquid nitrogen
has several drawbacks: nitrogen does not provide the ability to provide cooling with the necessary
accuracy of maintaining the temperature; there are also risks of hypothermia with negative
consequences. In addition, liquid nitrogen is a rather dangerous substance and requires proper care when
used, and the delivery of liquid nitrogen is not always available, which limits the possibility of using this
method. An alternative to nitrogen cooling can be thermoelectric, which implements a decrease in
temperature to 0 =+ -80 ° C. Thermoelectric medical devices make it possible to precisely set the required
temperature of the working tool, the time of temperature effect on the corresponding part of human body
and provide a cyclic change of cooling and heating modes [1 —2,9 —12].

Computer models created so far for human skin, on the surface of which there is a cooling
element, make it possible to simulate thermophysical processes taking into account blood circulation,
heat transfer, and metabolic processes [13 19]. However, existing computer models do not take into
account the phase transition in the biological tissue when it is cooled, which leads to errors in
computer simulation of temperatures and heat fluxes.

Therefore, the purpose of this work is to take into account the phase transition in the biological
tissue during computer simulation of human skin cryodestruction process.
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