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Transient Operation of Mechanical Vapour
Compression Uesalination-8ystem
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Abstrat . Due 1o conimeous 1ncrease of pure water demands for present and iwre time ang
e ro the frmtted nanral r2eonrces of pure swater, the sed letnoaues of producing pure water
FOM seil WKE Driehlsll Wiler? (hive 1 aroar irerest id GXDose 10 W e GEproveme tav v
day. T2 omechomical - apour COmRCessIon svsieal L oole o 1ae mest maporian! wed medicds.
Tlis system has many advantages in companson with othier systoms. DBeside ns sumplicity :n
wse md conmmol ramt A0 iew. f has munnmum TMUMOR cost (mainiv, e cost or chemicai
RITIAN=

Ag i of omumng &gt of 10 torvday somuad copacaty, e selftciaring ol be unils
hased eon this treimque 15 1pont of arent voporfance and needs deep vndersianding ot the
utvoived processey. awpecizily, m coye  of mensient operabion of sueh umitd | e, the starung
contiton reaching 10 she nonnal overatng condilien), I thiv wack, o wample guadilanve
analysis of e starming vondition and the possibility of break down of the system ( the
deparhurs §om the stable nperating cnadition) s presented. As a result of this nnalvsis and the
resutts cotwtted. SNPRnMeNI:IY, Some SOIT of iurmangements must be dded to meet the stable
»rtne condifivi { slanng condivon which Loy 10 2 siable ronnme condihon,

Momenclaturs
A INass of sfewm ¢t <
" mass flow rare of steamn « veis
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Jo pressure ¢ far )

r tine 7 5/

v volume im0

v specific volume . . lp )
Subscripts

h compressed steam

taed water

i’ generared steam in main compartment
e nrogiuced warer

: i comparnneni of evaporaor

2 12 high pressure compartment
Tomparmmneet, wiere the produced warer 1= enllecrei
Intretuction

JAumong the water esalicanon tzehniques, e vanour sompression VU svalem s s 2
fa be wadely used iy Eoypt becuuse <1 -+ mebvimtazes. RImine and munrenune:s o1 siei : vsi2m
deet Ho speekily qulied daers or T0 Lo 1 et s TeEolnDe aning cns
- D Lasn vev b L redtie idelougues for

compured wad ot metiod, Lo L1
mdwinial parpeses w pressnte,

The present study 15 cnrreed onr tor L0 toardis »70 e L echenone drwoaes 9f ths e e
-aowm 1 tienre (1) The =vanerater oF s s ohvacuiy sivided ino e
suupatiments. Llmn comparinent ( No. 1) s e sn0os conmaTee L wiier2 e Geddas
generared. Second compartment (No. 2) is the %19k prezmire comparpvent. where the
comoressed sleam is accurmuated. The rurd one s the wema s —asogremens, woners the
proaiced pure wWaker 1¥ voliecred. Vi roubies ngsociared will lhe siartiug orsnen nmis 1§
malvsed in the {following sections of this work.
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Fiqure (1} Schematic tavow of the inechanical
ADOW COMNress1LN IniT
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Experimeatal Measurements

To examine the behavinwr of the constdered VO umt, both pressure and temperamre ot the
ucrion nd delivery of the compressor are measured. Negiecrng the heat losses and prassure
drop u e confecnng pipes. tese measured valnes can be ket as those ot the associted
;vaporsg.r components. The msasirements of both remperature and prossure we carmied vit
by sommercinl bewdonr-mbe dini couge. Figures (2 and  3) show 2 vampls of the oblamed
results.
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Hranre 12} Pressure sismibwtion o the delivery and snction
CIOss-reclions Ui LOMDICSROr

Fiaure 12} shows the pressire o the delivery wnd suction of the compressor vereus the rine.
aa o 1R whenr S0 Dressire S, s decrense pamidiv o und Jien slowiv, Dettvery pressure.  hien
ey odimest wsuztant o wafue swhile, Leoduenon prossurs connmuousiy Jecremyes. The
sressure difference across the compreseor v shown in the samne figure, This differsnce o the
start rendds o be vero and then, m very <hort permd. D inereases snarply. After 1 period of
ADDIE 1{Ve InNey 10 NcTeages contimonsiy hil an a smaller rute,

Flgure {3} presents dhe wemporaturs of the sucticn and delivary of compresser. J\s i is
shown. the temperature at the suction exhibits 2 gradual decresse throneh out the test period,
wwnlie me ampersture B the nelivery incresves rapealy At the pegnniae ona then s lowiv, Near

dine v e 1S Perina i, aein. merenses ruplaly.
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From both memtioned Hzeres (2-3), sne con see dhar e coi Suls ty achieve aueble
aperating cendiian. T et of Read '-s.-mer mpernurs 1€ oot oreseqtad ners. et o0 enn
sonclude accoraine (o We carmied Duf 1ests thal. 108 peried e wilen the nmt Dresks Aown 1§
u function oi'the Teed water femperature. [t i3 loneer for hiaher feed water 1omperainre.

Guverning Eqguutions

The following aralvsis is based on the overall muss bajance cquanons [1-3]. Sothiudes
comperoment (No.1Y and ‘rgh pressure compartmenr (MNo.2) are consisterad. Aceordingly,
e oy wrte:

Jube compartment;

L=

f i~ el o+ . 1)

ey

e 1hs one ¢an write an expression of #peciite olume in e mn compartment ns:
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igh pressure compartmeni.

Mam [ ome—mppdt = 0 {2-a)

v

nd in the samc mamer, one can wril an expression of the specific volume i the high

Tessure compartment as:
= (2)

| { 7= e il + C2

are the total accumulsted mass within the tubes- and high pressure
-omparments, raspecnvely. 0 g 0 wre the towal volune occupied by ine st2am in tubes-
wd lueh pressurs Compariis, respeviively, v is the specific voiume of stzam in fides
ronpartmont svbile, v, is the <pecitic voiume o lugh pregsure compartment “ne can oote that,
he pressure m oom compartmenes 1§ inversely pecportional to the corrssponding : specttic
o, p uid <~ anpear i the squations are copstamis. their numerical values piav nothing

viters 2y grd A

ize roilowing :malyms.

Thenveticat anaty<is of the problem

The compressor of the present studv is of the rezenerarive-turbine rvpe. The theory of
peration and pectormance of pumps of this type are reportadin {6 .\ccording to te
mnee  f iy comprassor, the upproXimation of the hend-capacity cwrve of such kind of
;ompressors bv a strmeht line iy acceplable. This approxamanion is camied out becanse the
ol CHArAClertSie ouve of die compressar 1§ pot avatlable and, m ihe same tme, tis
‘.npr*.:xim:uian mazkes the asalysis prosewtsd in this work easier. Tlis characieristic curve of
he compressar is shown in figure {4).

To explun the behaviour ot this V(' small umit and the reasons of s umstabie starting, the
otlowmg sumple analvsis 15 carried ot with the md of  boihr the proposed conpressor
shoracteristic curve- Hgure {1)- and  the overall mass balance cquations (1 and 2). Asilis
clear, the pressure difference across the compressor is dependent on the difterent mass low
rues crosging the ¢vaporalor comparmmems. From mass tow res powt of view, there ure
duee possivle  aperniR conarions. e rae ol zenerated steam may be conai Lo, iess than or
srealer lhan the comprassed steam. Each of these three operating conditions will be discussed
in the following secuons.
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The other altermanrve s thar 20 ereases il Jool Lo 16 e and sondition
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¢) The generated steam is lessihan the compressed steam ( mg < mc ) ;

Fromn equations (2), it is clear that v; decreases or remains constant for ( 7, < m. } and. in
twm, p; increases or remans canstant While with the aid of equation (1), v; intreases and
hence presmure p; decreazes. Accordingly, the pressure difference (Ao=pr-m)
increases and cue to the characteristic curve of the compressor figure (4) m. decreases
end, in tum the genermted steam my decreases. That is due to the decrease of the convective
heat transfer rate because of the decrease of the rate of Howing steam through the evaporator
tubes,

In general and according to the foregoing analysis, each of the three sbove mentioned
operating conditions leads to continuous increare in pressure difference across the compressor
and finally, the system fails to reach the normal operating condition { break down of the untt ).

Conclusions ’

The proper starting of vapour compression system is that starting which feads to a stable
normal operating condilion. Ag it ( shown in the foregoing analysis, the proper self starting of
vapour compression small units is, practically, very difficult to be achieved. Attention must
be made to prevent tho rapid decay of pressure in the tube-compartment ot'ths evaporator and
in the same time to prevent the instantmeous increase of pressure in the high pressre
compariment. Une can conclude that, some sort o control musi be made to insure a suitabie
pressure Jifderence across the compressor, especiatly o starting of such a system. A bv-pags
Lebveon the tube- compartment and low pressure compartment { No.3 ) is proposed. The twst
of the cxamined unit with the suggested by-pass leads, successtully, to stable siarting of the
wnit. Tt g recommended to make n theoretical model of such a system to study the behaviour of
sueiy systerm, giantilatively, in transient and steady state condition,
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