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Abstract  In this work, the pecformance of steam regeneranve-turbine commpressor is swdied. In spite of
the simple constucgon of this compressor, it is rarely used in practical applicatons. The flow of stzam
nside the compresser {5 described through the contnuity, momentum and erergy equations i integral
form. These povernine equatons are soived. numercally, by desien a computer program. Tlus program
15 designed , such that the steam properties are calculated taking into account the behavior of steam as 3
pore substancz. The cffect of operating conditions, such as speed of compressor impellzr and sucuon

pressire, on the performance of the compressor is exaumined Morcover, the 2ffect of compressor
dimznsions, represented by the pocker radius to impeller radius rago, is studied .

1. Introduction

The regeneralive-turbine compressor, as shown schematically in figure (1), consists ot
napeller and collecting passage. The impeller has pockets, which are formed by flal radial
vanes. The stearn emters the impeller pockets through a suction port, formed in the stationary
part of compressor. where its velocity is increased and hence it is directed 1o the collecling
passuge, where 1t 15 collected and then leaves the compressor through delivery pert . In
vollecling passage, some ol steam kinelic euergy is frunsferred to enthalpy al ligher pressnre.
Ag it 1 clear, the constuction of the unpeller is similar to the pump runner of hydrawlic
coupling, while the trrbine runner hece is replaced by the collecing passage [1-2]. In spite of
the simularity between this compressor and hvdraulic coupling. there are arare kmowledgs
about 1t in the literature. The performance of regenerative-lurbine pump is examined in
reference [ 3 ).

Becouse of the miumpls construction of this type ol staam compressor. it i% appliad in
small vapor-compression desalination unitz despite of higher expected loses. In such
npplications, a moderate or small pressure ratio is required and moreover the power lost, from
turbornuchynes design  point of view, 15 considered as an added healing source n such umts
[4]. In present work, an effort iz nade to make a simmple theoretical mode! to examine the
performance of such compressor when steam is used as working medium. Effect of operating
conditions and compressor dimensions ig studied using he present proposed model. Seeking for
simpilicity, the friction and other Josses are nol considered in the present analysis,
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Figure ( 1) Schemaue drawing of compressor showing the
steam velocity direction.

1. Guverning Equations

The fow mside the compressor 15 described by the mtegral forms of contmuity,
imomenhun wnd energy cquations Reterring to Figure (1), the sten enters ihe collecting
passage with laneeanad component of veloewty U5 The change of velocity in both waal and
tangential directions is negligible compared with that of tangential component. Figure ()
shows @ part of cellecting passage, which is considered as a differential control volume of
length sx. Applyimg Lhe consarvabion laws [ 5-6]on this eleinent vields to.

o = e K . ()

dap = (m ke, —[Um e + o) —me] @)
L l- e l + N l -

(m+ om)(h + R}~ E(r-‘-a"i']_—.m(h—f?" Vel + R (3}

where 2quations (1-3) are continuity, motnentum and energy equations; respectively. As il is
clear, these eqnations satisfy the steady state condition. # s the mass flow rate at the inlet
cross-section of the cootrol volume. While m, is the mass Aow rate per umit length of the
collecting pagsage, which enters the control volume comning from Ihe cormprassor impelier. The
cross-seclional area of the collecting passage is denoted as 4. p 15 the prassure at inlet of the
control vohmne. ¢ und ¢, are the steam velocity af inlet of the control volume and that of steam
coming from the impeller, respectively. & and A, are the snthalpy of steam at inlel and of that
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comng from the impeller. In addition of the foregoing equations, the equahon of stale 1s
required to determine the density of steam at various conditions. This eqnation of state cam be
wrilten in representative form as;

h=f{p.p) » 4)

~_ As itis well known, there is no single simple relation between steam properties, which
satisfies all water phases. According to this fact, it is suitable to use steam tables lo determins
the sleamn properties, whenever they are required.
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Fiewre (2) Ceneral control v olome of leneth 3% isolasd
from th. tolal length of the collecting passuge

3. The Numerical Procedure

Tn the following seetions, the numerical lechnigne and the carried oul steps 1o pradict the
camprzssor performance at different conditions are presented. Secking for simplicity, one
makes some assumptions. The tapgential velocity acruired due to the flowing of «team in the
pelier ¢ cateululed based on the mews liameter of the impeller D as showi 1 tieure (1)
This veiocily is cadeulated according Lo the following relation as:

where N is the speed ot impeller in rpi. Tlhe chauge ol the other two components ol the
velocilies s negleeted. The effect of mechanieal friction and the viscous force iz also
neglected. The maximum possible nass flow rute per wnit {ength of collecting passage 7w 15
given according to the reiation:
2y N
Torsu 60 s D

(6)

where p, and [ are the density of steam at the suction of compressor and the volume of
tmpeller pockets: respectively, The volume of the pockets is given according to the tollowing
relation as;
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where k and ¢ are the total number of pockeis and the mean thickness of the vage { mean
thickness of pocket wall ); respectively. ¥ is the volume of the ring shown in figure(1), which
is evaluated through the following relation [7];

V=2 D/2 + 277 D, , {8)

referring to figure (1} », D & £ are the radiug of the pocket cross section, mean diameter of
the ring and the length of the pocket tip; respectively.
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Fieure (3) Devisions of both collecting passage and mmpeller
of compressor used in numerical technigue

Governing equations (1-3} are. numerically, integrited bv dividing the collecting
passage to u cells. as shown in figure {3). Referring 10 figure (3-4). the applicalion ol
conservation laws {(1-3) on the slwwn general c2ll yiclds to the following rrcursive relations
o,

moosm e (9
1 .
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where 1 varies from 9 to n {total number of cells). s, is the Qow rate m the collecting passage at

the cross-sectioné ( m,- & <. A ) . The eross sectional area of Lthe collecting passage 15 <enoted
as 4 To calculare the pressure gain ;1 different possible flow rales, Onc defines the degree of

filling ¢ as the ratio between the actusl mass flow rate ol the compresror to the maximum
possible mass flow rate (g=sm, /m, o ,1=¢ 20). Through ow the caleulations, it 15
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assimed thet the thermodynamic properties ( p, p, A....etc.) remain constant inside the cells
and the change of them takes place, only, at the boundaries of each cell.

A computer program iz designed to solve the previously described theoretical model.
This program is designed such that, one can study the effect of various operating conditions and
the characterigic dimensions of the compressor. To determine the values of the steam
properiies whensver they are required, a subprogram is designed and linked to the main
program. This subprogram is designed based on the steam tables.

4. Resulls And Discussions

In the following, the effect of impeller speed and suction pressures is presented. Also
effect of comprassor size on it performance is shown. First of all, the thermodvnamic
properties of steam Lhrough ow the collecting passage are depicted by figures (4-7). In these
figures, A compressor of 0.3 m mean impeller radiug R and of 0,05 m pecket radius r is studied
[{see tigure (1}]. Impeller speed. in this case is taken as 10,000 rpiu and suction pressure is 0 2
bar. Figure (4) shows the pressure distribution along the collecting passage at different values
of mass flow rate; corresponding to degree offilling gof0.10.0.23, 0.50 and 0.75. Asitis
clear, the pressure increases gradually in the down stream direction i} it reaches its msx. value
al the exit of the passage { corresponding to @=360" ), It 18 true for smaller mass llow rales ( &
= 010025 ) Winle for Tugher mass Jow vates ( ¢~ 0 50,073 ) the pressure has s roaximum
value uf a posilion inside the passage such that this position iy nearer to the #xit of pussage as
the flow rate 15 samaller. As it is noted, for high values ol {low rates (g A=070 )
compresser fals to do s gob { pep, wlext < 10 ). The density of steam aione the colleching
passage 15 shown in{igure {5). The trend of the curves, here, is similar 1o tal of pressure as it
i clear from figures (4-5). Figure (6) shows the enthalpy of steam along the passage at differ=n
values of the degree of filling #. In general, the enthalpy of steam decreases in down stream
girection. The rate of desrease of enthalpy is higher us le tlow rate increases. Figwre (7)
prescnts Lhe velocity of steam along the collecting passage. The value of the velocity increuses
almo=t Hnearky in down stream direction, cspecially, for case of rmall and mederate How rutey,
At degres ot silling »= 070, the v=locity increases rapidly, especially. ueur the et of passage
and 1ty value exceeds the value of acquired veloeity (c,).

B i — e — _.,.___]

' CH s e a— e s —_— e e _
‘ - «—1 L tP‘I LI NP ST S O KT
k . Tl " . SR
- - J L !
- . Vo . = ! i
t . . - | ol -
gL . - . | . r -
o ' ) —_ R — b E -
S P - b ] r 5
& L—‘.- - 1 ™ [ . ‘\‘
ool - I B oml—L - -
- g
s T ! BooL o — 7T
R . & g —
H i ﬂm-.uu:(l?e-J.L- [O ERE 5 TN '\| [ —
ks t L '\I g = ll'\
20 e - A ) By vy T | - S ke slfimg e T
L - A o] ARy S 090 — JITSRN:. TR R
i P e L. T LFI] | ) L LT
| e T i B [ ] s w—
I | ~
gu’._L.I’ TR S T I'lll.' nm— _._.u. L Lt
] 188 u m 9 0 a0 m m

un
Dw:m Apng Lellecing Pacage. D:gm

Fugar 1 4 ) Thw prrivary Solrieigcm sk oo ey Fomge

PusumNurgCalaszs-:m Dmoas

Prgore{ 4 ) Tty of trmm wmaie T b vy puvanan



M. 6 M.G. Wasel

Lg L
i [0 10000, Fo » O3'ar, R o 14, L« 0.M
Lo
r — gl T
= wae e of g 436
g L — o 000 L TETFH
L e oT RV 8 7Y g — - g Byt
E [N T s S ot
[T P Sy Y \ dem .7
‘i " e T T > e
10 i )
2w - o e L
- -
/ . . -
L s -
| ThPS =m0, P =D Abercls 18 R0 0w ) “-’-‘rl_— - e
i * P L= _.--—‘[
b E T e T
FY™S SRR IEEE T AVENUT B AT N LR AT gwi—‘i-"_ﬂr"‘"1"-|_"l|.|||i||1|la|¢|li
L] L] =] | e 30 1 " £ ] [ | 241 o m
Portion Akng Colkcung Fissaze, Degnees Potdam Aloref Cotecting Pastage, Degreey
Fogrars | 6 15 Lrmi ve lox sy iixin em ke rLing Py Tugows | 7 ) bawm wolouity mooeds el parage

Through figwres (8-9), the effect of impetler speed on the compressor performance s
presented. Impeller of 0.30 m mwean radius and 0.0 m pocket diameter is oxamined. In s
figures delivery pressure versus mass flow rate is depicted. [n {igare(9) mass How rare s
expressed. implicitfy, by the dewree of flling ¢ Ag it i3 shown, the delivery pressiwe is
increased ds te impeller speed increases. For every speed tlie pressure increasss i the flow
rare ingreases 1ill it reaches o maximum value at ¢is equal to about U.40. Afler this maxiinaul
value, the pressure decreases sharply for higher speeds. As it is well kmown, the lett branches
of these curves represents the wistable operation of the compressor { pressure incraares us
mass flow rate increases ).

Figuras {10-11) shows the efect of suction pressiwe en Lhe performance of compressor.
The «ame previously mentioned tupeller is sxamined. Ax the suction pressure decreases the
delivery pressure ratio pp, increases. This increase of pressure ratio increases wilh the
increase of degree of filling ¢uatil 5 204 and then decreuses with increasing .
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Figures (12-13) show the effect ol compressor size on its performance . The pockel
size 1s laken constant { r = 0.03 o) while the mean radius ol impeller is varted. carresponding
‘o the pocket to mmpeller rdius ratio of 146, 175, 44, 1/, ae 030, 0.25, 020, D.15 m;
respecttvely. Figure £12) shosws deliverv pressure versus degree of filling ¢ Azl 1¢ shown in
Ggire, the valne of pressure inereuses for larger irupeliers at all valnee of degree ot filling but
dns ncrewse 12 not sienlicant lor higher valves of ¢ Figwre (13} shows delivery steum
velocity (o) versus dagree of Gling @ The effect of impeller diamelss senms to be oty
small, especially, at simaller values of & Figure (14) shows the pressure aguwinst the mass low
rates As it 12 clear, the pressure increases as ihe nopeller diemefer mereases. In tigure (15),
the relmion between the stean delivery velocily versus steam mass How rate is presented
Aczording to this tigure, the velocily inereuses linearly with increasing mass flow rate tor all
alnes of unpeller radwe 2. As bt g clear, the delivery velocity has a considered value
compared with that acquired w e impeller especially at lugher vaiues of low rate. lsmg
tafihions  simular to thal presented n ligwee {11-15), one can predict the proper <122 ol trupeller
lo =atisfy specified operating vondilionk. In some cperatneg condifions. a8 i1y previously
nentioned. the deliverv velocuy i more Unn that 15 required In this oane, an exterpally

attgched diffuger may be the proper solution to convert some of steam kinetic energy to 2uthalpy
at agher pressure

5. Conchasions

The theoretical model presented in this work proposes a satisfactory tool to predict the
performance of steam compressor of regenerative-turbine Lvpe under centaun operaiing
condtlions  ( suclion pressure, speed..cle.). In addition, one can according lo this model
sstimate the proper stze of compressor 1o safisfy specified operating conditions. It is
recommended to extend this model to 1ake in account the effect of different expecied losses. An
experimental model, perhaps, is cecommended Lo be carried out to examine the validity of this
model and to decide whether it requires some modifications or corrections fo improve its
resolts. This comparison is impossible to be presented in lhis work becsuse of the rarity of
pnblications concerned will liis type of compreysors,
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Nomenclature
A cross-sectional area of collecting passage
¢ vefocity of stean in collecting passage
Ca acquired velocity of steam due o passing through impeller
D mean diameter of both impeller and collecting passage
h enthalpy of steam in collecling passage
Fe enthalpy of sleam at suction port of comprassor
i identifter to denote the position along the passage
¥ total number of impeller pockets
m steam mass flow rate associated with passage
m,  steam mass flow rate per unit length of collecling passage
N speed of impelier in rpm
Jul steam pressiire
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Do suction pressure

R mean radius of impeller

r radius of impeller pockets

: mean thickness of pockets wall
4 tip length of mpeller pockets
I tip length of cellecting passage
4 total volume of impeller ring

vy net volume of impeller ring, which occnpied by steam
x length along the collecting passage

Greek Symbols

i) denoles the change of certain vanable

@ degree of filling

o density of stzam in ¢ollecting passage

Jo» density af suction of compressor
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