WATER AND WASTEWATER TREATMENT TECHNOLOGIES - Mechanical Vapor Compression Distillation - B. Tleimat

MECHANICAL VAPOR COMPRESSION DISTILLATION

B. Tleimat
Water Re-use Technology, Alamo, California, USA

Keywords: Process Description, Process Analysis, Salinity, Energy Consumption,
System Heat Balance, Heat Transfer, Surface Requirement, Effects of Evaporator
Temperature, Transfer Area, Energy, Multieffect Vapor Compression, Single-effect
Vapor Compression, Distillation Systems, Forced Circulation Vapor Compression,
Compressors, Lobe-type, Centrifugal Compressors

Contents

Process Description

Process Analysis

Effects of Salinity and Temperature on Energy Consumption
System Heat Balance

Heat Transfer Surface Requirement

Effects of Evaporator Temperature on Heat Transfer Area
Effects of Evaporator Type on Energy

Multieffect Vapor Compression Distillation

Comparison of Single-effect and Multieffect Vapor Compression Distillation
Systems

10. Forced Circulation Vapor Compression

11. Compressors

12. Comparison of Lobe-type and Centrifugal Compressors
Appendix

Glossary

Bibliography

CoNoOrLWNE

Summary

This chapter attempts to provide a brief overview of the mechanical vapor compression
distillation process description, analysis, effects of salinity and temperature on energy
consumption, system heat balance, heat transfer surface requirement and effects of
evaporator temperature on heat transfer area and type of energy. It also presents a
comparison of single-effect and multieffect vapor compression distillation systems,
forced circulation vapor compression, and comparison of lobe-type and centrifugal
COMPressors.

1. Process Description

Mechanical vapor compression distillation of saline water is a process in which
mechanical energy is used as the main driving force. It is basically a heat pump process
that pumps heat from a low-temperature reservoir to a higher temperature reservoir, just
as in household refrigerators where the heat is pumped from the air inside the
refrigerator box to the ambient air outside of the box. The main elements consist of an
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evaporator, a condenser, a compressor, and an expansion valve where refrigerants such
as Freon or ammonia are used as working fluid in a closed cycle. The coils inside the
refrigerator box form the evaporator and the coils outside the box form the condenser.
Here the working fluid inside the coils in the evaporator, evaporates to absorb heat from
inside the box, compressed to raise its saturation pressure and temperature and then
enters the condenser coils outside the box to release its latent heat of condensation to
the ambient air. The high-pressure liquid refrigerant then enters the expansion valve
where it flashes down to the evaporator pressure to complete the cycle.

In a vapor compression distillation of saline water, the system is not a closed cycle and
the basic system consists of the evaporator-condenser and the compressor. The working
fluid is water vapor. Water vapor generated from the water layer on the evaporation side
of the heat transfer surface is compressed to raise its saturation temperature and pressure
and is then condensed on the condensation side of the heat transfer surface, forming
condensate and releasing the latent heat of condensation to be transferred across the heat
transfer surface into the water layer on the evaporation side to cause further evaporation of
water. The only energy required to pump the heat content in the vapor from the
evaporation side to the condensation side of the heat transfer surface is the mechanical
energy required to drive the compressor.
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Figure 1. Flow diagram of single-effect vapor compression distillation system.

Figure 1 shows a general simplified flow diagram of a basic mechanical vapor
compression distillation system. As stated earlier, the system consists of an evaporator-
condenser, shown as heat transfer A, a mechanically driven vapor compressor, a three-
stream heat exchanger to pre-heat the feed stream by cooling the distillate and brine
streams, and an auxiliary heater to supply additional heat to the feed when needed. For
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simplicity, pumps and auxiliary equipment are not shown here.

In this system the feed enters the three-stream heat exchanger at state point 1, where it
is heated to state point 2, and then enters the auxiliary heater to be heated to state point
3, where it enters the evaporation side of the evaporator. Here the feed is brought into
contact with the heat transfer surface A where part of it becomes vapor at state point 4
and the balance is taken out as brine at state point 5, to be cooled in the three-stream
exchanger to state point 6.

The vapor generated at state point 4 enters the compressor at state point a where it is
compressed to state point b and then enters the condensation side of the evaporator
where it condenses on the other side of the heat transfer surface A at state point 7 and is
then cooled to state point 8 in the three-stream exchanger.

2. Process Analysis

Figure 2 shows the temperature entropy diagram corresponding to the flow diagram
shown in Figure 1. Here Ts and Ty represent, respectively, the absolute temperature in
the evaporation and condensation sides of the evaporator. Due to the presence of
dissolved salts in the brine, the vapor pressure in the evaporator p. is lower than the
vapor pressure pse of pure water corresponding to Ts. Because the vapor generated is in
equilibrium with the brine at Ty, it is slightly superheated by an amount o the boiling
point elevation. Friction losses in the piping from state point 4 to state point a cause a
pressure drop pe - pi With a very slight decrease of temperature due to isenthalpic flow
of the vapor from state point 4 to a.
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Figure 2. Temperature-Entropy diagram for the single-effect, multieffect vapor
compression distillation system.
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In the compressor, the vapor is compressed adiabatically from state point a at the inlet
pressure p; to state point b at the outlet pressure po and then enters the condensation side
of the evaporator where it condenses on heat transfer surface A at pressure p (slightly
lower than po, due to friction losses in the outlet piping). The condensate is taken out at
state point 7 to be cooled to state point 8 in the three-stream heat exchanger.

The total pressure rise, po - pi, supplied by the compressor consists of the following
segments.

(@) pe-pi pressure rise to overcome g, the friction losses in inlet piping.
(b) pse - Pe  pressure rise to overcome the boiling point elevation.

(C) pc- pse pressure rise to overcome At.

(d) po-pc pressure rise to overcome &, the friction losses in outlet piping.

The energy imparted to the vapor during compression from a to b is given by the

difference of enthalpies between state points b and a. For a well-insulated compressor,
the specific energy input to the vapor w, by the compressor is

w, =h, —h, = [Tds + [vdp @)

where Tds and vdp are integrated from state point a to state point b. For an ideal
compressor, the pressure rise across the compressor would be represented by the
isentropic line ab;. The isentropic work (ds = 0) is then given by

Wei =y —h, = jvdp (2)

where vdp is integrated from state point a to state point by. For most applications using
vapor compression distillation in the temperature range of 100°C or lower, water vapor

can be assumed to behave as an ideal gas. Using this assumption, the integral j vdp can
be evaluated using the relation pv* = constant. This assumption results in

(x=1)
Wci:KRTa (po/p|) -1 (K_l) (3)

The Clapeyron equation relates the absolute pressure and absolute temperature along
the saturation line by the following equation:

dp/ p=2;dT /RT? (4)

Assuming A to be constant in this range and integrating the equation from state point d
to state point e (Figure 2) results in

In(p, / p;) = A (T, = T4) / RT.T, (5)
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asTe=Ts+At+egand T3 =Ts- o - €1 and as At, €3, €, and o are small in comparison
to T4, one can make the following approximation:

TeT3=(Tg +At+e2)(Tg —a—&1) §T42

and as T, = Ty, EQ. (5) can be written as

In(p,/ P;) = A (5, + At +a + &)/ RT/ (6)
Substituting Eq. (6) into Eq. (3) and observing that kR/(x-1) = ¢, for ideal gas we obtain
Wy = C,Tlexp{As (At +a + & +&,) /¢, T 311 ()

Setting B = A (At + o + &1 + €2)/Cp T.% and expanding exp B into infinite series gives

Wei :cpT4[B +B—22+B?3+ ]

For very small values of B <0.04 one can neglect all higher order terms with accuracy
exceeding 98 per cent and Eqg. (7) reduces to the simplified equation:

W, =4 (At+a+g +&,)/T, (8)

Assuming further that friction losses are negligible, Eq. (8) is then simplified to
Wi =4 (At+a) /T, 9)

In actual systems the compressor is not ideal and is usually driven by an electric motor.
The electric energy input to the electric motor per unit mass of vapor is given by

Wiy = Wei / 7777y (10)
where 1 is the isentropic compressor efficiency and n, is the electric motor efficiency.

Equation (10) shows that the electric energy input to the motor driving the compressor
depends on the compressor and motor efficiencies. In large systems using centrifugal
compressors, the compressor efficiency can be as high as 85 per cent and motor
efficiency can be as high as 95 per cent resulting in a combined efficiency of about 80
per cent. However, in very small systems (10-100 kg h™), the electric motor is usually
larger than needed to drive the compressor for operation at steady state. In such
situations the motor and compressor efficiencies are much lower resulting in a
combined efficiency that can range from 20 to 50 per cent.

©Encyclopedia of Life Support Systems(EOLSS)



WATER AND WASTEWATER TREATMENT TECHNOLOGIES - Mechanical Vapor Compression Distillation - B. Tleimat

3. Effects of Salinity and Temperature on Energy Consumption

Examination of Eq. (9) in Section 2 shows that the work required to compress the vapor
consists of two components: A+ At/T4 and A; o/T4. The properties of water and saline
waters show that as evaporator temperature increases, the latent heat of evaporation
decreases, resulting in a lower value of A: /T4; however, the value of the boiling point
elevation o increases and tends to balance the decrease of the ratio As /Ta.

Table 1 shows the values of w,; calculated as a function of t, for At =0, 1, 2, and 4°C
assuming a seawater brine salinity of 70 000 p.p.m. The values of o were taken from
Fabuss (1980) and the values of As were taken from steam tables (Keyes et al. 1969). It
can be seen here that at At=0 (infinite heat transfer surface), we increases with
increasing ts. This increase continues until At is equal to a, after which the effect of At
overcomes the effect of a, resulting in the decrease of w;; as t4 increases.

ts (°C) 40.00 60.00 80.00 100.00
a (°C) 0.780 0.913 1.047 1.181
Al T4 7.682 7.076 6.535 6.046

Wei, At =0 5.99 6.46 6.84 7.14

Wei, At=1 13.68 13.54 13.38 13.19
Wei, At =2 21.35 20.61 19.91 19.23
Wei, At =4 36.72 34.76 32.98 31.32

Table 1. Isentropic compression work as a function of evaporator temperature with At as
a parameter and brine at 70 000 p.p.m.

For example, at t,=100°C and At =4°C, the value of wg=31.3klkg" while at
t, = 50°C and At = 4°C the value of w; = 35.8 kJ kg™ an increase of 4.5 kJ kg™ or about
12.3 per cent. This suggests that, as long as At > a, vapor compression systems should
be operated at as high temperature as possible to reduce energy consumption. However,
this advantage must be balanced against the practical disadvantages of larger heat losses
from the system with the corresponding need to add auxiliary heat and increasing
corrosion and scaling potentials in the evaporator.

At inland locations where brine disposal may be difficult and expensive, the volume of
the brine must be reduced to a minimum requiring the brine to be discharged at as high
a salinity as possible. As an example, in a 189 m®day™ (50 000 gal day™) vapor
compression system (Bechtel National Inc. 1986) used to recover water from
agricultural drainage water (about 10 000 p.p.m.) in the San Joaquin Valley, California,
the brine was discharged at about 200 000 p.p.m. Data from this plant operating at about
50°C with At =4°C showed that the system can operate without auxiliary heat. The
electrical energy consumption by the compressor motor was about 91.3 kJ kg™
(25.4 kWh m™) resulting in a compressor motor combined efficiency of about 59 per
cent.

Table 2 shows the calculated values of w; for the above application as a function of t,
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for At =0, 1, 2, and 4°C. They show the effect of increased brine salinity on energy
consumption.

In Table 2 the brine was assumed to have seawater composition with brine discharged at
200 000 p.p.m. It should be noted here that as long as At < a., the value of wg; increased
with increasing operating temperature. It is interesting to note that, when At = 4°C, the
energy consumption decreased with increasing temperature. Operating the plant at
100°C and At = 4°C results in energy savings of 4.1 per cent in comparison to operating
the plant at 60°C and At = 4°C.

t, (°C) 40 60 80 100
o (°C) 2948 | 3412 | 3877 | 4.334
We, At=0 2264 | 2414 | 2534 | 26.20
Wq, At = 1 30.33 | 31.22 | 31.87 | 32.25
Wqi, At =2 38.01 | 3830 | 3841 | 38.30
Wy, At = 4 53.76 | 52.45 | 51.48 | 50.39

Table 2. Isentropic compression work as a function of evaporator temperature with At as
a parameter and brine at 200 000 p.p.m.

Comparison of the values of w,; from Tables 1 and 2 for t; = 100°C and At = 2°C shows
that the increase in the brine salinity from 70 000 to 200 000 p.p.m. has doubled the
energy required by the compressor due to the large increase in the value of a. This large
increase can be reduced significantly by the use of multiple-effect vapor compression
distillation instead of single-effect vapor compression distillation as will be shown later
in Section 8.

4. System Heat Balance

The heat balance in the system shown in Figure 1 per unit of distillate is given by
d, +W, = (hg —hy) +(hs —h)X+0qg + gy (11)
where (, is the auxiliary heat added to the system.

Rearranging terms and assuming that ts = ts and that the specific heat of distillate and
brine are equal, Eq. (11) becomes

0, +W, =, 1+ X)(tg —t;) + 0 + 0y (12)

It can be seen here that if w, is greater than or equal to the right hand side of Eq. (12),
no auxiliary heat is needed and the auxiliary heater can be eliminated from the system.
However, if w, is less than the right hand side of Eq. (12), then auxiliary heat is needed
to keep the system operating at steady-state. Obviously, the operating temperature in the
evaporator has an important influence on heat losses ge and gex; the higher the operating
temperature ts the larger the heat losses.

©Encyclopedia of Life Support Systems(EOLSS)



WATER AND WASTEWATER TREATMENT TECHNOLOGIES - Mechanical Vapor Compression Distillation - B. Tleimat

Assuming that the evaporator and heat exchanger are well insulated, i.e. ge and Qex are
negligible, Eq. (12) is further simplified to

a, +W, =c,, 1+ x)(t; -t) (13)

Therefore, in order to eliminate the need for an auxiliary heater, the heat exchanger
must be sized so that w. > ¢y, (1 + X)(ts - t1). This is important because the majority of
mechanical vapor compression systems are powered by electrical energy and auxiliary
heat is usually supplied by electric immersion heaters. The elimination of the auxiliary
heater will result in lower capital and operating costs. In reality, heat losses are never
negligible. They are a function of the temperature difference between the evaporator
and ambient temperatures; the higher this temperature difference, the larger the heat
losses. The choice between installing a larger three-stream exchanger or adding an
auxiliary electric immersion heater is usually a trade-off between the initial capital cost
and electric energy cost. Obviously, if waste heat is available at an appropriate
temperature, the electric heater can be replaced by the waste heat and the three-steam
heat exchanger can be made smaller to reduce the capital cost. However, another heat
exchanger must be added to the system to transfer the waste heat to the feed stream.

As an example, assume a well-insulated vapor compression distillation system
operating at the following conditions: seawater feed, ts = 100°C, t; = 25°C, recovery 50
per cent, and w, = 20 kWh m™, Estimate the highest allowable value of outlet brine and
condensate temperatures to eliminate the auxiliary heater.

At these conditions ¢, =1.16 Wh kg™ °C™ and x =1. Substituting these values in
Eq. (13) gives tg = 33.6°C. This is the highest allowable value for outlet condensate and
brine temperatures to eliminate the need for auxiliary heat at these ideal conditions.

TO ACCESS ALL THE 33 PAGES OF THIS CHAPTER,
Visit: http://www.desware.net/ DESWARE-SampleAllChapter.aspx

Bibliography

Bechtel National Inc (1986) Final Report, Field Test of a Vapor Compression Evaporator at the
Demonstration Desalting Facility, Los Banes, California. Prepared for the State of California,
Department of Water Resources, Specification No. 85-31, Contract No. C-50653, San Francisco,
California, August 1986.

Church A M (1945) Centrifugal Pumps and Blowers, pp. 208-215. Wiley, New York, NY.

Dodge B F and Eshaya A M (1958) Economic Evaluation Study of Distillation of Saline Water by Means
of Forced-circulation Vapor-compression Distillation Equipment, OSW R&D Rep. No. 21, Washington
DC.

©Encyclopedia of Life Support Systems(EOLSS)


https://www.eolss.net/ebooklib/sc_cart.aspx?File=E6-144-26

WATER AND WASTEWATER TREATMENT TECHNOLOGIES - Mechanical Vapor Compression Distillation - B. Tleimat

Fabuss B M (1980) Properties of seawater. Principles of Desalination, 2nd ed. (ed. K S Spiegler and A D
K Laird), pp. 359-400. Academic Press, New York, NY.

Keys K et al. (1969) Steam Tables, international edn. Wiley, New York, NY.
Sutorbilt Rotary Positive Blowers (1989) Bulletin S-60, Quincy, Illinois, USA.

Tleimat BW and Tleimat M C (1995) Reduced energy consumption evaporator for use in desalting
impaired waters and reducing the volume of reject brine. (IDA World Congress on Desalination and
Water Sciences, Abu Dhabi, UAE, 18-24 November).

Tleimat BW, Howe ED and Laird ADK (1967) Assessment of vapor compression distillation.
Desalination, 287-298.

Tleimat B et al. (1992) The use of vapor compression distillation for recycling gray water as an analog
application in the antartic planetary analog. Desalination 87, 97-107.

Guide to Further Study

Anonymous (1990) South Pole Engineering Study. Existing Amundson Scott Station, South Pole,
Antarctica. Prepared by Metcalf and Eddy, Inc. for National Science Foundation, Division of Polar
Programs, July.

Bulang W (1983) Large scale desalination by vapour compression. Desalination 47, May.

Chambers J T and Larsen P S (1960) Series Staging of Vapor Compression Distillation. Issue No. 20. Sea
Water Conversion Laboratory, University of California, Berkeley, California.

Disi S A, Stewart J and Goeldner R (1986) Vapor compression revisited. (NWSIA Conference,
Washington, DC, 8-12 June).

Fosberg T M (1972) Brine concentration technique for industrial waste water disposal. (ASME Winter
Annual Meeting, New York, 26-30 August).

Fraser J and Heist J (1980) The absorption freezing vapor compression process. (NWSIA Conference,
San Francisco, California, 6-10 July).

Friedman M A et al. (1992) Gray Water Recycling with a Unique Vapor Compression Distillation (VCD)
Design. SAE technical Paper Series No. 921318, Seattle, Washington, 13-16 July.

Geiringer P L et al. (1964) First Annual Report, Brackish Water Conversion Demonstration Plant No. 4,
Roswell, New Mexico. OSW R&D Rep. No. 169, June, Washington DC.

Geiringer P L et al. (1966) Second Annual Report, Brackish Water Conversion Demonstration Plant No.
4, Roswell, New Mexico. OSW R&D Rep. No. 170, May, Washington DC.

Genthner K and El-Allawy M M (1983) Solutions for coupling a mechanical vapour compression
distiller with a multi-stage flash evaporator. Desalination 47.

Hancock JF and Sringer W E (1981) Zero discharge of liquid wastes from power plants. (NWSIA,
Washington, DC, 31 May-4 June.

Martret J (1976) Desalination through vapor compression process in large plants. (IDEA Congress,
Mexico City, Mexico, 24-29 October).

Miernik JH, Burt HS and McGriff C F (1991) Waste water processing technology for space station
freedom: comparative test data analysis. (ICES Conference, San Francisco, CA, July).

Moyers J C and Senatore S J (1968) Vapor compressor design studies. ORNL-TM 2203, UC-80-Reactor
Technology, Oak Ridge National Laboratory, Abstracts of Papers. (Water and Desalination Information
Meeting, 7-8 May), Oak Ridge Tennesse.

Murat F and Lucas M (1985) Desalination by mechanical vapour compression: operational results after
one year operation of the Flamanville Unit - comparison with other desalination processes by
evaporation. (IDA Congress, Bermuda, 17-22 November).

Noble L D et al. (1991a) An assessment of the readiness of vapor compression distillation for spacecraft
wastewater processing. (ICES Conference, San Francisco, CA, July).

©Encyclopedia of Life Support Systems(EOLSS)



WATER AND WASTEWATER TREATMENT TECHNOLOGIES - Mechanical Vapor Compression Distillation - B. Tleimat

Noble L D et al. (1991b) Phase change water recovery for the space station freedom and future
exploration missions. (ICES, San Francisco, CA, July).

Ohlemann B, Homburg D and Emmermann D K (1983) Operating experience and performance data of
an advanced VTE/VC seawater desalination plant. Desalination 47.

Reveley W F and Nuccio P P (1975) Design and the parametric testing of the space station prototype
integrated vapor compression distillation water recovery module. (ICES, San Francisco, CA, July).

Reynolds W C (1968) Thermodynamics, 2nd edn, pp. 218-219. McGraw Hill, New York, NY.

Senatore S J (1968) Design of gas-turbine vapor compression systems. ORNL-TM-2203, UC-80-Reactor
Technology, Oak Ridge National Laboratory. (Water and Desalination Information Meeting, 7-8 May),
Oak Ridge, Tennesse.

Senatore SJ (1981) Vapor compression distillation combined with waste heat utilization. (NWSIA
Conference, Washington, DC, 31 May-4 June).

Senatore S J (1983) Desalting water costs using waste heat from power systems combined with the VTFE
and vapor compression. Desalination 47.

Senatore SJ and Tomalin JG (1968) Gas-turbine and diesel driven vapor compression desalination
plants. (Western Water and Power Symposium Proceedings, Los Angeles, CA, 8-9 April), p. ¢c-33.

Tleimat BW (1969) Novel Approach to Desalination by Vapor Compression Distillation. ASME
Publication No. 69-WA/PID-1.

Tleimat BW (1971) Performance of a Rotating Flat-disk Wiped-film Evaporator. ASME
Publication No. 71-HT-37.

Tleimat B W (1977) Design of a small capacity vapor-compression seawater desalination plant utilizing
multiple-effect novel wiped-film rotating disk evaporators. (Arab Physical Society Conference on the
Physics of Solar Energy, Benghazi, Libya, October 29 1976).

Tleimat B W (1978) Design of a small capacity vapor-compression seawater desalination plant utilizing
multiple-effect novel wiped-film rotating-disk evaporators. National Water Supply Improvement
Association 5(2), 7-20.

Tleimat B W and Laird A D K (1978) A 600-hour Test of the Wiped-film Rotating Disk Evaporator with
Seawater Feed from the San Francisco Bay, Rep. for Civil Engineering Laboratory, Naval Construction
Battalion Center, Port Hueneme, California.

Tleimat BW and Laird A D K (1987a) Analysis of and results from the 50,000 gallons per day vapor
compression evaporator at the demonstration test facility, Los Banos, California. Prepared for the California
Department of Water Resources; University of California, Richmond, California, UC/DWR Agreement
B55037.

Tleimat B W and Laird A D K (1987b) Analysis of and Results from the 50,000 Gallons per Day Vapor
Compression Plant. Rep. to California Department of Water Resources, University of California,
Richmond, California.

Tleimat BW and Tleimat M C (1989) A novel 2500 GPD 5-effects wiped-film rotating-disk vapor-
compression module; preliminary results. Desalination 74, 289-303.

Tleimat BW and Tleimat M C (1991) Antarctic Testbed For Lunar/Mars Outpost Technology
Development Vapor Compression Distillation (VCD). Final Rep. submitted to Lockheed Missiles and
Space Company, Inc., Sunnyvale, California, October.

Tleimat B W and Tleimat M C (1995) Reduced Energy Consumption Evaporator for Use in Desalting
Impaired Waters. Technical Completion Rep. for the US Bureau of Reclamation, Denver, Colorado.

Tleimat B W and Tleimat M C (19xx) Design Modification of the Wiped-film Rotating-disk Evaporator
for the Reclamation of Water at Zero Gravity. Final Rep. to NASA Ames Research Center, National
Aeronautics and Space Administration, Moffet Field, California.

Tleimat BW, Howe ED and Laird ADK (1967a) Assessment of vapor compression distillation.

©Encyclopedia of Life Support Systems(EOLSS)



WATER AND WASTEWATER TREATMENT TECHNOLOGIES - Mechanical Vapor Compression Distillation - B. Tleimat

Desalination 2, 287-298.

Tleimat B W, Laird AD K and Howe E D (1967b) Vapor Compression Distillation. Part I. Sea Water
Conversion Laboratory Rep. No. 67-3, Water Resources Center Rep. No. 18, University of California,
Richmond, clifornia.

Tleimat B W, Howe E D and Laird A D K (1977) Solar-assisted still with vapor-compression option.
Desalination 22, 41-54.

Tleimat B W, Laird AD K and Howe E D (1985a) Simulation of Multiple Effect Vapor Compression.
Quarterly Rep. to the California Department of Water Resources for UC/DWR Agreement B-55037,
University of California, Richmond, California.

Tleimat B W, Laird A D K and Howe E D (1985b) Vapor-compression distillation, multieffect vapor-
compression distillation, and multieffect distillation. (Seminar presented at the Department of Water
Resources, State of California, Fresno, CA, 17 September).

Willenbrock A Jr et al. (1964) Thin Film Vapor Compression Saline Water Conversion System. OSW
R&D Rep. No. 85, February, Washington DC.

Zdankiewicz E M and Price D F (1985) Phase change water processing for space station. (Fifteenth
ICES, San Francisco, CA, July).

Zdankiewcz EM and Schubert FH (1984) Development of an Advanced Preprototype Vapor
Compression Distillation Subsystem (VCDS) for Water Recovery. Final Rep. to NASA.

©Encyclopedia of Life Support Systems(EOLSS)



