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Environmentally Sustainable Desalination System

By Eng. Ahmed Eldrestawy & Eng. Saleh el Habashy
Supervised by Assoc. Prof. Mohsen Soliman, ACC Manager
Mechanical Power Engineering Department

Abstract: The goal of this project is to investigate & study
environmentally sustainable desalination system shown in
fig. The System output is a low-cost fresh water from humid
air using solarenergybyflat-platecollectors or any available
waste heat sourceasthe mainheat input. Solarenergycanbe
used torun system pumps & blowers.System 2main thermal
processes arehumidification tosaturationor dew-point,then
dehumidificationtoextractfresh water. Someheatexchangers
are used to increase system efficiency. To do system design,
few values for flow-rates are assumed. The project includes
design& sizing of 3 shell-tube heat exchangers & drawing of
the Piping-Instrumentation(P&I) diagram. Piping& fittings
selection and system pumps &blowers is done as part of the
mechanical design. Finally, the*Pipe Flow Expert” software
was used to simulate the system to calculate some flow and
pressure drop data in addition to lists of piping& materials.

Introduction: Water desalination is removing dissolved minerals from

saline or brackish water. Technologies used for water desalination are:

Multiple-effect distillation (MED); Multi-stage flash distillation
(MSF).Vapor compression distillation(VCD); Membrane processes;
Pressure driven processes such as Reverse & Positive Osmosis;
Humidification-Dehumidification. Distillation & reverse osmosis are
the most commercially prominent methods
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Seawater is heated by hot Oil from Solar collector

Description of Diffusion Driven Desalination process (DDD): Desalination is done by spraying heated saline water j . Solar |
over a packed bed in a diffusion tower(1) & low humidity air is blown through packed bed from bottom. As the falling | (5ie2ted] ‘°°"e°t°r St iPreheated
liquid film of saline water forms over packing material it contacts a turbulent low humidity air stream. Mass transfer pa?k?: R éseawater
principles govern the evaporation of liquid water & humidification of air stream. When operating at design conditions, s L \| Hl R o
air stream should be fully saturated (100 % relative humidity) when exiting diffusion tower (1). Humidified air stream |, ..cc..F ) tower
is discharged to direct contact condenser(2) for fresh water production. DDD process is similar to Humidification De- [tower Heat
humidification process in that the mass diffusion of water molecules into dry air is the driving mechanism to evaporate ‘ ‘ Lo
saline water. In addition, the DDD process makes use of the naturally occurring thermal energy storage in large bodies Seawater
of water,where desalination is most likely to be applicable. Because desalination is done at relatively low temperatures, = - ‘ Recycled } Ip eslg:ﬁ:at -
inexpensive materials are used in this system, and waste heat may be utilized to drive the desalination process. cqq ar .t ar ___V_water

@emtmn principle of a conventional H/D met@
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System layout& Functionspecification(shown in fig.): Seawater-1(warm) is drawn by Heated Seawater Q)QHJL‘/ ’i"i“.eid}_ ______ Saturated
feed pump-a. Suction of pump-a has to be at a surface of a real seawater to take remp sensor > - IL*Q 23 ’ D) ¢ Air
advantage of fact that large bodies of water absorb solar radiation & due to thermal - Vi oD ' !' e direct
stratification, warmer water is at vicinity of surface, while cooler water resides at " Brine — ey | ondenser
larger depths seawater-2 (cool). Warm water-1 is pumped to main heater (b) where | ot il from |, " Evepecatos * N ' ification
hot oil from solar collector (for example) is used as system main heat input. Amount | ~°* et exthangerl Warm Humidiication | T ©"
of heat input depends on seawater-1 flow rate & required rate of fresh water #. In | = (b) Tower (c) : .l
fact, output temperature of heater-b is low, so main heat input may be provided by Gauge () Warm low * ater X |/
variety of available waste heat sources. After heater-b, heated seawater is sprayed v humidity b/ Fresh
at top of diffusion tower-c (the most important part in the process). The degree to = FPume N
which real, operational DDD process follows theoretical predictions depends on (@) 7 Zpower(€ * o E_CL__ )
good design of diffusion tower-c. At bottom of diffusion tower-c, low humidity air is . (;p == exchanger? ¥
pumped-in using forced draft blower(e). Hot water falls by gravity concurrently to E\ stem Lay Olﬂ ‘Ea“ﬂ::[l — cold seawater (05} —

air flow in diffusion tower-c packed with very high surface area packing material.
As water flows-down, a thin water-film forms over packing material & contacts air
flowing upward. Saturated air is drawn-out at top of diffusion tower-c while brine

Process control In order to set up parameter for controlling the process,

it has to be laid out in simple flow chart

g &g . g Brine a Brine
is drawn-out at bottom. Saturated air is forced-in, by blower-d, at bottom of direct e Wet Ak oy
I 6. g L 2 . 2 e —— - ;
contact condenser(dehumidification tower-G).Vapor extracted-off air is condensed Sca ! Water | P D=maCiio | 5 || Diffusion |
. . v Chiller » Condenser : { Tower
into fresh water # at bottom of condenser-G. Another very important part of DDD | | v e (G) : | "t |
. . . ' (s i @ | '
process is good design of condenser-G. Direct-contact has to be used to overcome =T S mre > e :
. . . 0 g ‘ee o ry Air ;
difficulty of good condensation if shell-tube condenser. Difficulty that arises because Water Fresh "
3 . . (Tyo) Waterb——3  Fresh Water Out (1)
normalfilmcondensationheat transfer is tremendously degraded in presence of non- - | Heated Feed Water

condensable gas. In present system, part-of warm fresh water # is chilled in a
conventional shell-tube heat exchanger(H) using saline cooling water-2 drawn from
large depth to take advantage of thermal stratification in large bodies of water. The
chilled water outlet from chiller(H), is directed to direct contact heat exchanger (G)
to condense water vapor from saturated air discharging from the diffusion tower(c).
Rest of fresh water# is the make-up water Thermal design, sizing & selection of
pipes of exchangers 1& 2 is done in this project (based on some design assumptions).

In

—D!Solar Energy or the Source of System heat input

Flow diagram for the DDD process.

erforming the analysis the following assumptions have been made

1. The process operates at steady-state conditions,
2. no energy losses to environment from heat and mass transfer equipment
3. Air and water vapor may be treated as a perfect gas,

4. Changes in kinetic and potential energy are relatively small,
5. The pumping power is neglected in the energy balance (estimating the
required pumping power would require significant details regarding the
construction of the diffusion tower and heat transferequipment; these
are beyond the scope of the current analysis).




E; T Mechanical Design, Piping and Instrumentations Selection (by using Pipe Flow Expert Soft ware) In_ - :
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FI H d D t Zone Fluid Mame | Chemical Formula | Temperature ©C | Pressure bar.g | Density ka/m?® | Centistokes | Centipoise | Vapour Pressure | State
LI I a a bar.a
1 Water sea NS 10000 0.0 00 1030. 000 1.307 1.346 0.013000 Ligqund
Pipe Id Fipe Mame Pump Mame | Speed rpm Pref. Op Pref. Op To |Flow In/Out | Velocity Suction Discharge Pump Head Pump NPSHr | Pump MNPSHa | Pump Pump Power
pu m p From m3/sec | mi/sec m3/sec myfsec Pressure Pressure {+) m.hd m.hd m.bd Efficiency Kilowatts
bar.g bar.g Fluid {absolute) (absclute) Percentage
D a ta 3 3 Pump Fixed Head 0.0805 9,796 0.29279 5.9784 50.000 Mot known 19.089 Mot known Mot Known
Rise
15 P15 Pump 2950 0.0000 0.0000 0.0547 0.65644 0.9974 2.8501 18.342 9.304 19.777 46.16 21.9241
Pump Data Fluid Data Operating Notes 105
Mame: Pump Fluid: Water sea Pref. Op. Region: 0% - 0% of BEP =
Catalog: General Density: 1030.000 kgim? Pref. Flow Range: 0.0000 - 0.0000 msec = oo
Manufacturer:  Genenic Viscosity: 1.3460 cP Motes: %
X . R N This purmp performance is generally similar to certain = a
Type: end suction Temperature: 10.000°C ranges from these pump manufactures: Ansi Pro APES, % =
- \ . Goulds 3106, Pesriess 2106, Griswold 811, Summit 21288 | =
Size: 4x3-10 A40 \Vapor Pressure:  0.0130 bar.a Duroo Mark Il Series ANS pumps %
Stages: 0 Atm Pressure:  1.0132 bar.a = B0
% T3S0 irvch
Speed: 2950 Rpm Design Curve Data Point = as
Impeller Diam: 7350 inch Shutoff Head: 45.254 m.hd Fluid Flow: 0.0547 m¥sec
Shutoff dP: 4.8741 bar.g Head: 0.000 m.hd Fluid S0
Min Speed: 1500 Rpm BEP: 67.4% @ 0.0335 m¥sec Efficiency: 46.16%
Max Speed: 2950 Rpm Power at BEP: 2077 kW Power: 21.97T KW 15
Min Diam: 7.000 inch NPSHr at BEP:  5.019 mhd Fluid MNPSHr: 9.304 m.hd Fluid
Max Diam: 10.000inch Max Flow Power: 23.31 kW@DDBDB nfsec CII:![{JEI D oo7F o o1s o o2 O3 o037 O DS o oasz=2 O_Oos0 o.oss
Flhow — mi~fsec
Fipe Id Pipe Mame and Material Inner Diameter Roughness mm Length inch Total K Mass Flow Flow m3/sec velocity misec Entry Pressure Exit Pressure
Motes T kg/sec bar.g bar.g
i P1 100 mm Steel 102.260 0.045000 20,000 00000 5.5600 0.0054 0.5657 0.2993 0.2978
Sch. 40
2 P2 100 mm Steel 102.260 0.045000 275.591 1.0000 82.8643 0.0805 *9,.796 (Flow 0.3621 00000
Sch. 40 Velocity is high)
3 P3 100 mm Steel 102.260 0045000 20.000 1.0100 82.8643 0.0805 *9.796 (Flow 1.0101 5.3110
Sch. 40 Welocity is high)
4 P4 100 mm Steel 102.260 0.045000 393.701 0.5100 82.8643 0.0805 *9,.796 (Flow 2.4457 0.3621
Sch. 40 Welocity is high)
=3 P& 100 mm Steel 102.260 0.045000 20,000 00000 82.8643 0.0805 *9,.796 (Flow 5.3110 5.0805
Sch. 40 Velocity is high)
7 P7 100 mm Steel 102.260 0.045000 20.000 1.0100 5.5600 0.0054 0.657 0.0000 0.2993
Sch. 40
8 P& 100 mm Steel 102.260 0.045000 590.551 0.5000 4. 7532 00045 0.562 00000 1.5088
o Sch. 40
Eg P9 100 mm Steel 102.260 0.045000 590.551 0.5000 2.9451 0.0029 0.348 00000 1.5125
Sch. 40
“gﬁ P10 100 mm Steel 102.260 0.045000 20.000 1.0:000 30.1769 0.0293 3.567 0.1007 0.0000
1 Sch. 40
i1 P11 100 mm Steel 102.260 0.045000 20,000 00000 8.6740 0.0054 1.025 1.5088 1.5055
Sch. 40
1z Pi1z 100 mm Steel 102.260 0.045000 15.000 1.0200 5.5048 00065 0.804 1.5125 1.5088
Sch. 40
13 P13 100 mm Steel 102.260 0.045000 20,000 00000 8.6740 0.0054 1.025 0.7104 1.0101
Sch. 40
i4 Pig 100 mm Steel 102.260 0.045000 20,000 1.0200 26.1972 0.0254 3.097 0.1007 0.0235
Sch. 40
15 P15 350 mm Steel 329.006 0.045999 393.701 S5.5100 56.3742 0.0547 0544 1.0101 2.8497
Sch. 40
16 Pi1& 100 mm Steel 102.260 0.045000 20,000 1.0200 3.8980 0.0038 0.451 0.0073 00054
Sch. 40
i7 P17 100 mm Steel 102.260 0.045000 20,000 S5.8000 2.8840 0.0028 0.341 1.5088 1.50459
Sch. 40
18 P18 100 mm Steel 102.260 0.045000 20,000 1.0200 11.8086 0.0115 1.396 0.0235 0.0073
Sch. 40
19 P19 100 mm Steel 102.260 0.045000 30,000 1.0200 3.8597 0.0037 0.456 1.5138 1.5125
Sch. 40
20 20 100 mm Steel 102.260 0.045000 20,000 0.5100 56.3742 0.0547 *6.564 (Flow 0.3353 0.1007
Sch. 40 Welocity is high)
21 =1 100 mm Steel 102.260 0.045000 590,551 0.5000 2.0283 0.0020 0.240 0.0000 1.5138
Sch. 40
[ | FET e «e— 1 «e— r 2 < _—_e— — ] - Process heat transfer by Domnald O Kerm
- wWwvater desalimatiom usimng solaremnergsy humidificatiormn amd dehuumrmiidificatiormn primciple
- Thaerrmodymnarmic amnalysis of HD desalimatiomn cycles = Luca Zamnette mMmaster thhesis worlk
- Thhermal Solar Desalimatiomn — 'nvMiethods armnd Systerms - Wassilis Belessiotis et al. (AP 2071 )
- Solar Desalimatiormn ArmNnm Rew Heat Tranmnsfer-“wollS - Evaporator Hamdbhboolk
- Desalimationmn solar systerm Aldmeria 203410 - Hurmiidity Comnwversionmn Forrmulas
- Project presemtatiomn (vwater desalimatiomn umnit usimg solar powvwewer cells)
- et ==\~ leT= =1 Mme  OoOfFf Evaporators anmnd Condaensaers Daesa Mmatiormn o >



