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create the required vacuum within the MED unit. Second point for the numerical part is CFD
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4.3, while the achieved recovery ratio is (33.7 — 47)%.
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Abstract

Per the UN’s Sustainable Development Resolution Report, 40% of the world’s
population already faces water stress and water scarcity. Water desalination is one of
the solutions to overcome the global water shortage crisis and curb its emergence due
to population growth and climate change. Multiple Effect Distillation (MED) is the
oldest thermal water desalination process and it has typical plant capacities of 600 -
300,000 m*/day. Because MED units do not use membranes, the investments, system
complication, and operating costs are usually less than those for reverse osmosis (RO)
units.

The present work will be divided into two main parts numerical study and experimental
work these two parts will cover the modeling & sizing of Solar MED main components
which include MED 6 effects unit, steam generator and three ejectors. The three
ejectors are used to create the required vacuum within the MED unit. Second point for
the numerical part is CFD simulation for the flow inside the three ejectors, the
simulation is carried on (ANSYS Fluent 18.2). The experimental part starts with
manufacturing of Solar MED main components, then installation of Solar MED plant
and finally evaluation of the Solar MED plant thermal performance.

The novelty and originality of the present work is related to the ejector thermodynamic
modeling since the present work will introduce the polytropic efficiencies instead
isentropic efficiency for the primary nozzle and diffuser sections, additional to that is
assuming that the mixing between the primary stream and secondary stream isn’t done
at single cross section but it occurs over length and it occurs at constant pressure. The
final point related to the thermodynamic model of the ejector is that the mixing
efficiency isn’t not chosen arbitrarily, it is calculated from operating conditions. For the
MED unit, the stack geometry will be used instead of the conventional geometry. As
the work will be validated by experimental setup, a crucial issue is the matching
between solar thermal system and the MED unit through the ejectors.

It is considered that this experimental setup (Solar MED Plant) is the first pilot in the
Middle East, Thus components manufacturing and installation of the system is
considered a big challenge also the installation and operation of the whole system and
overcoming all problems during commissioning and operation.

It was concluded that using polytropic efficiency in the ejector 1-D thermodynamic
model gives good matching with to reality except the no show of the shock-wave train.
Also assuming mixing process occurred in the ejector at constant pressure gives
consistent results with the CFD simulation. A change of 2% in the throat area of the
steam ejector will affect its performance and the required target back pressure, this
conclusion was done by simulating the flow using (ANSY'S Fluent 18.2).

Using Stack MED type is efficient during operation with less needed space, less
vacuum leakage, less investment and maximizes the thermal performance with lower
evaporation temperature to decrease the fouling formation rate.

Performance ratio and recovery ratio is used to evaluate the thermal performance of the
operating Solar MED plant, The system has variation of performance ratio from 1.5 and
up to 4.3, while the achieved recovery ratio is (33.7 — 47)%.
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The Solar MED plant which can meet daily demand of distilled water of average 10 m®
was installed in Sheikh Zaid branch of the Faculty of Engineering, Cairo University. A
parabolic trough solar collector with 135 m? aperture area is used to heat thermal oil to
around 140 °C to be stored in 2.2 m® storage tank. Then steam generator is generating
saturated steam at 2 bar for the three ejectors to create the needed vacuum for the 6
effects MED unit. Currently the plant is working with fully automated tracking system
and control system to optimize its thermal performance. The 1% trail has been done by
distilling 750 ppm water to reach product with 150 ppm. Over 95 % of the Solar MED
system components were locally manufactured.

Keywords: Thermal vapor compression; Desalination; Multi-effect, Parabolic Trough,
Entrainment Ratio
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