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Optimum Geometrical Ratios in Induction Pumps for
Liquid letals

* by
Cand. Tech, Sc. N, M, Okhremenko

Problem, The basic probiem originating during the plasnning of induction pumps
of all types, is the finding of their main dimensions and paremeters*aeight of channel
2b, its width 2a, pole graduation”y , slip s and active length of inductor 1 (rig. 1)
To determine the basic dimensions of a pump at given Iressured p, and delivery -
requires the solution of the problem of optimum construction. Of most practical valye
is the finding of an optimim by the maximm of the hydraulic efficiency because
induction pumps have a relatively low efficienecy.
In spite of the fact that problems concernihg optimum construction of induction
pumps by the conditions of maximum efficiency have been examined by a number of authoss,
this eircle of problems still cannot be considered as totally solved. Investigated
were only special cases of optimum ratios at oversimplified conditions, and the initial
tial conditions were scmetimes disputable.
And so in the experiments by D.A.Watt (1it,1-3) optimum ratios were obtained
from the minimm loss condition in the channel of the pump, The losses ih :I..nductor
windings are disregarded.\these lésses amount to 30-50% of all losses, In additlon,Fw
- of the ratios listed in these reports is possible only after selected the height
of the channel 2b, The latter to a large extent stipulates tho magnituds of the none
magnetic gap and predetermines the characteristics and other dimensions of the pumpe
Finding the height of the channal should be the subject of the investigation.
This deficiency is endured also by certain other .reports (lit.4-6). Due to the

extreme simplification of the problem of L.G,Savvin a false conclusion is made with
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‘respect to the ratio-g-which should be close to uni.tyﬁ.:lt.?]. In real constructions
1% equals 0,115 = 0.033.

‘Optimum slipping corresponding to minimum n.s. at given pressure, found in the report
‘of T,ATyutin and B.K,Yankop(}) .‘formlaa (45)s (47), requires preselection of either
: channel height, or its width and pole graduation, According to the comcept of the
{authors, the Nes. = no power minimm cohdition corresponds to maximum efficiency.

But this assumption actually does not take place.

The mentioned experiments do to a known extent elucidate the problem, but the for.
milas derived in them are little suitable for the determination of main dimensions
of the basic structural variant of induction pump gonstruction. This brings up the
need for ne.wly examining the problem conc?rnmg optimum geometric ratios in induction
pumps, on the basis of maximum efﬁcienc.y conditions,

In practice of planning induction pumps is encountered the need of creating
structures of minimim weight and overall dimensions, possesing together with satisw
factory’nperational indices - efficiency and power coefficient. It is therefore ime
portant to bave also another problem - selection of optimum geametric ratios, assuring

% active materials,

In this repor:t are discussed two problewms concerning the selection of optimum
geometric ratios in induction pumpazpudging by the maximum efficiency conditions and
minimm weight of active materials. The principal trend of the first one of these
vas mentioned by A.I.Vol'dek[8] . The solution is applied to a plain pump with bi-
lateral inductor, but the results are also applicable to cylindrical and spiral pumps
el

Basic conditions and assumptions, We will consider as given: pressure pj,de«
ﬁr’e/ry of pump Q, frequency f, perametera of pumping metal = temperature , electric
conductivity @, mass density 50 and kinematic viscosity v. On the basis of the proper
ties of the metal and its temperature, is selected channel wall thickness by and

thickness of heat insulation by. They are preselucted or considered as fixeds
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meen rate of flow of the metal v,temperature of induction winding, its linear current
load A and current density in this winding J.

When planning al{mm{mp of minimyn weight it is necessary to select such
values of maynetic inductiom in the yoke an.and in the teeth { and in the core in
case of a oylindrical pump). The rate of flow of the metal should be taken maximm
possihle by the conditions}:t wear resistance of channel walls,

Ve will make the following assumptions:

l, We considsr only the main forms of loa.ses - in liquid metal, inductor wind-
ings am.i channel walls , constituting approximately 90X of all losses, Losses in steel,
skort circuiting busbars and hydraulic losses, which ordinarily do not Vexceed' 10%

of the total losses, are disregarded,

C]//ﬂ\a e ; :]!5J

FigyleSchemetic drawing of inéuction
l-inductor; 2ewinding; 3-thermoinsulatiocn; L~channel; Secopper busbarsj
6=1iquid metal,

2. We assume, that in plane pumps there are shorted side busbars (fig.l).\Conv
sequently the law influence of lateral boundary effect on the lowering of pressure
and losses are consicdered a constant coefficient,

3+ The longitudinal marginal effect is considered as empirical coefficients,
which are assumed to be constant in the zone of change of variable values,

4, We disregard the influence of surface effect on pressure .and losses,

5« The resultant coefficient of air gap and its components , e.ge coefficient
of serration (Carter) etce is also considerod as constant at changes of ncamagnetic

gap 2 and role graduatioun,
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Since the above mentioned coefficienta are not strictly constant, then into‘'the
caleulation should be introduced scme of their mean values with possible suKSeqnent
improvement of same, | '

Iydraulic losses in induction pumps ordinarily do not exceed 2-8% of all losses,
Figuring of same,is little reflected on the final results ,and it leads to highly
ccomplex dependences, which can hardly be used in practice, On the other hand ,select.

ing the rate of metal flow to a known extent predetermines the magnitude of hydraue
lic losses, Comsequently they are uot figured in when searching for optimum dimensions
of pum;.»:. } .

Optimum ratios by maximum efficiency conditions, In appendix 1l is given an equation

of relative losses in an induction pumpl

' l
_ n
£, 5)”*“‘ == koku {r_—: FrisT &')
ALY n~<)HA'<'—»v+/\=<bv+n)'l}

¢ bl —si
The relative losses appear to be the function of two argumentseclipping s and

se.d height of the channel b,All remaining coefficients in equation (1) values of
which are given in appendix 1, can be considered as constant at changes in s and b,
The optimum values sq'and bn o corresponding to minimum relative losses, can be found

by solving the system of equatiomss, .. __ = . _ﬁ#ﬁw-,_“,]

.j;} %:a;) \
; ,:E;,,) G

which in invertod form can be presented es :

r———————re

e T U S

. A N L SR N F AR S BT -+
BT e +12”K’s+ ! o HAR ll )]/ [ /ll\ 3
-+ 2,K* (1 —s8)s* - 24 (] — )t ‘ » ‘ |
RS U (R Y TR 290 s 0 [ 5 200K (1 — 5) 57—
, s+ —-H’K‘(I—-3<)~—1‘ I~ I —s)bee 33
{ Fad —s)=0 — 2a.di! :);| j:;'(]b—f) ( )

ﬁ_) l - l(en - g,0* /\ ) =25} (1 —5) 4
& E +a,d'(1--25) (1 — 5)') =0. (3)

A RS st ._dll~-;—.s)(l-—s)~-
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These equations are valid for b >0 and 138\ O, The system of equations (2),(3)
can be solved graphicelly in the following manner, Dealing in values s we find the
roots of the cubical equation (2) and we plot a graph by = £1(s). The olution of
equation (3) for the very same s values will give a graph = =£,(b)s The points of
intersection of these curves Jetersine optimum slipping values lql and the halfe
heights of the channel b»l ‘e
The coefficients of equation (2) for all menticned s values retain positive values.

Consequently in accordance with the Descartes theorem this equation will have only

one positive root, The function b:,l = fl(s) appears to be single valued, sufficiently
smooth and limited, Equation (3) at 1> s ;0 may have a different number of sign
changes in the series of polynomial F gt coefficients depending upon the numerical
values c,g1,Ned and K, Consequently the greph s,l = £5(b) can have one ar two Lranches
for B30, Practically the solution is obtained as single valued, because ordinarily

in case of two branches of curve s.,l = £2(b) they are both at the point of intersection
with curve b"l a £(s) fusing together into one,

In fige2 in role of an example are shown graphs b,1 and s,(. plotted according to
equations (2) and (3) for the IN-7 pum,p\desi@ed by the Fhysics Inst‘.\;f the Academy
of Sciences of latvian SSR for sodium at 400°C and a pressure of § kg/cm2 and with
a delivery of 250 ﬁ/m&o‘].\me parameters and dimensions of this pump in plan vere
selected, on the basis of requirements to obtain maximum efficiency. In the plan were
selectedt 8 = 0,25, b = 8 mm, When solviig the system of equations (2) and (3) were

which/
usecd the very same basic values and coefficients) have been adopted in‘;l,d_\ .

From fige2 we find sz 0,216, b,l 2 5,7 m, These numbers are perfectly suitable to
be applied in role of basic calculation var:lant\’l’he fact 1s if we should contemplate
a reduction in the semi«height of the c_hannel from 8 to 5.7 mm then this would lead
to a slight rise in hydraulic losses which is essentially balanced by the reduction

in losses in the copper of the inductors,
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- Plotting of curves bf,la fl(a) and ) =fo(d)

requires the solution of a greater number

of cubis equations and is connected with

considerable time losses, For every day prow

Ject operation more economrical solutions are

necessary. It appeara’ that it 1s possible

to point toward a value of critical slipping s

such, where a,,tz 8, and then by one-two
approximations to find b\and &,L.

Fige24Craphs b,, = £3(8) and 8y =£>(b) We shall discuss the coefficient o, at
for IN-7 induction type pumpjdesigned
for maximum efficiency for pumping so= a higher degree of the unknown in equation
dium. sk = 00268‘ = 00216‘ - =5.7 o
K ™ (3

c,..-_: (1 4-5)[K's* — a — %mf“ Q;.)

When ¢, tends toward zero one of the roots of equation (3) departs into infinity,

because this equation transforms fram cubical into square, It means that the steep
sactions of the curve s;,k= fz(h). departing into infinity and odligetorily intersect.-
ing the graph with a limited function bq a£1(8)4will be situated near s, at which
% tends toward zero. Equating expresaicn. (4) to zero, we will determine the values
of critical slipping and will take from them only this, which is situated in the zone

0l8s < 13

-

YRR ()

where K - dimensionless parameter of pumps

K= Bosvt

f— k‘(a) M 50' '

here (, - angular frequency; }’-o - magnetic permeability of vacuum; ky - resultant
coefficient of nonmagnetic gap,
The parameter K can be expressed also through the magnetic Re number Ry, = IA 0(:,- vb

and relative frequemsy ¢, ® TR.7® v%;
| .
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Knowing 8xy the optimum values bqland "rz can be found by the method of subse~

quent approximations, To determine the first approximetion b; we substitute the value
8 in equation (2), Its positive root equals bye We will rewrite equatich (3).arran?-
ing its members by degrees s:
‘ icz[,s‘ +a,s* 40,5+ a,s* +as'+a,54a,=0. ((p)

The coefficients of this equation appear to functions b, Their values are given in

appendix II, Having substituted b, in equation (6) and having solved it relative to

., slipping, we find thp firet approximation 8.
Equation (6) generaliy has six roots, A

.}part of these roots appears to be negati-

ve, the others complex, For us it is suf.

ficient to find only one positive root, . o ]
Fige3eDotermination of optimum values
Determination and improvement of root 8 sqland b,,L by four points.

is made considerably easier,if we keep in mind, that 8; is close to 8 (ordinarily 8]
< 8y, and the Horner table is used in combination with the method of linear inter-
polation(1i] By the value s) we find in an analogous method from equation (2) the
second approximation by, and by it from equation (6) sy, We could limit ourselves to
the second approximation or continue with further improvement, but it is mch simpler
to determine the values ta7 and s,l' graphically, To do this we draw a straight line

AC from point (mgeby) end (sy,by) and a streight line BD from point(syeby) end (sz,
by)e Their intersection gives a point (‘T bz ) (£ige3). Since the By = £2(b) curve

on the interesting us section is always very steep, and 8, is very close to Aq( ¢ the
process of improving the values s end b convergea rapidly. Practically it is sufficient
ta solve equations (2) and (6) two times each, Consequently the finding of s,lgnd bq
requires small time layouts. ‘

| It 4is evident from formula (5( that with the rise in electrical conductivity

and square of vekooity of metal ‘flow aa well as with a reduction in frequency critical

. FTD-TT-62-1724/1%+2 7
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and optical slippages decrease, Consequently for light metals and slloys of sodiua
type, sodium=-potassium of high electrical conductivity, for which at a metallie
chennel may be assumed a rate of flow of 10-l2 m/aec\the valye l,,l lies within limits
of 0,2 - 0,35, For heavy metals with low electrical conductivity (bismuth, lead)
the permissible rate of flow of which does not exceed 3-5 m/sec, optimum slipping
increases to 0,7 « 0.8,
Determining the half width of the channel and pole graduation after finding op.
timum values s and b is done easily G formulas (1,7) and (1.8)¥relimi.nery value
of activ.e pump length 1% is fixed from ratio (III.3)yit4 considerat ion of formulas
(142) and (III,L). After determining the hydraulic losses in diffusars the value 1
is defined and the number of pole pairs is founds
ot ()
The latter should be an integral number.That is why l and Y change somewhat to
fulfill this condition,.

Optimum ratios by minimum weight conditions of all active materials,

In appendix II were obtained expressions for the weight of active materials of

an induction pump~copper and steel:

o~ 180 =) K2 (os ) b 4 g (1 — 9), ( )
GCu—C' stl—s)b ,,‘. g

e YOS X RbY & ap q
Gee=C, s(l —s)b :

In these expressions can be considered variable only s and b, The optirum values

Sg and bG correspondi g to minimum weight of the active materiala%would be desired
to find.\i.nvestigating the minimum of function
Gib ) =G, +0pe (q o)
One such an approach lsads to highly difficult equatriiblns, the solution of which
represents inswmountable difficulties. It therefore appears advisesble to investigate

each one of the funciions (8) and (9) individually, and then to determine the optimum
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values 8, and b, . It can easily be seen, that tho function Cpg(ssb) has a minimum only
at a change in 8, When variating b from zero to infinity Gp, decreaces monotonously

from infinity to a certain constant value,

We will find at first the values of slipping, at which a minimum of copper and
steel weight takes place, Taking the s derivativa from expression (8) and equating

it to zero, we will obtain an equation

. e bt et e e -

(1-1- ) K3 {1 — 5)4) 6 4
+ RS g K3 (1~ 5)s*—2d (1 4 5) (1 — 5)* -
= & (1 +28)(1 — s%)) 0 - [2g,nK?* (1 ~- §)s? —
K (1 - Bs)— d* (1 4 s)(1 - 5)*~- )
- 2g,d{1 4 25)(1 — s)*]b — UO
= (@K (1 — 25) (1 -~ s) !
+ & d (I 25)(1 - s)']=:0.

Executing such an operation over dependence (9), we obtains

(1 ) [K*S® — (1 - 53] b* — [ (1 — 3s)
+2d (1 = )b — [ (1 -- 25) -3 (1 —sl‘.]*—::O. Q ')

Taking up the values s within limits of from 0 to 1 and solving equations (10)
and (11) relative to b, it is possible to obtain slippage curves sg, =g>2(b) and Sp,
= 372(b) corresponding to minimum weights of copper and steel, Each one of the sg, and
8pe curves has asymptotes, corresponding to slippings a! and s8®, The first one of these
can be found by approximation,assuming that the coefficient at b3 in equation (10) is
equal to zero. Since this coefficient is identical with the corresponding coefficient
of equation (3), then s' is equal to & and is determined by formula (5). An accurate

slip value 8® is found from equation

I\”s’—~(l»—s)‘=(;.- Qa‘)
It can be noticed with ease, that s* exceeds somewhat s', Consequently when solving
equation (12) it is advisable to use the Horner table and the method of linear interpola.
tions, remembering,that it is sufficient for us to find only one positive root, close

to s', It can be ascertained, that s, 1ies within narrow limitss
Se 8T (13)

FTD=-TT=62/1724/1+2 9



From inequality (13) is possible to change over to the folluwing less aceunt;
formula ———
s_<sl<: s”‘, ' (’ “P)

which i3 suitable by the fact that the value; 8° and s, can easily be determined by
expressions (5) and (12)}(0 like to point out tb:: the boundaries of inequality (14)
are practically sufficiently narrow, In practicfljs practically enryﬁheres necessary
to abandon ag, in order to obtain satisfactory efficiency. Consequently it can be
assumed, that not an entirely strict inequality (1)) appears to be perfectly applicable.

At selected electromagnetic loads and rate of flow of the metal the stepping away
from s toward sg leads to a reduction in the weight of the copper*'ise in weight of
steel and a rise in efficiency, and the shift in direction S* involves opposite re-
sults,

Optimum in weight slipping sg is always greater than s.z « From formla (5) =nd
equation (12) is evident, that sg, as well as 87 s is determined mainly by the para-
meter K, It derends little upon the pressure and delivery of the pump, and upon the
electromagnetic loads as welle

After selecting slipping sg optimum half height of the channel bg it is advis.
able to determine by direct plotting of grapha Gg,(b), Gp, (D) and G(b) by formulas
. (8) and (9). Such a method is less cumberscme, than the search for b; by analytically
investigating the minimum of function G{b), A study of the minimm dependence Gm(b)
offers very small values b having no practical value, and the function Gh(b) has no
minimum )éince the value bg should be selected with consideration of efficiency then
it can also be found by the maximum efficiency conditions , because these values are
very close, An analysis of the problem showa\that the optimum conditions for maximum
efficiency and minimum weight require the selection of a channel width gafio to its
height in the interval from 20 to 40,

Appendix 1, Derivation of Equation of Relative Losses, Fressure developed by

the pump, equalss

FTD-TT=62=172}4/1+2 10



- n,,,s. Lt .
Pu =2 Ty, 8P U‘])
where By, ~ amplitude value of induction in the center of the liquid metal zone;
koo'ko = coefficient of pressure reduction on account of lateral and longitu-
dinal boundary ofrecta{y.lz,laj H .

Ap - hydraulic losses along active length of pump and in diffusors.

Hydraulic losses along the active lsngth of pump A\ 2% at turbulent flow, as
we as for smooth pipes, are deterﬁz.tned approximately in the zone of Reynolds nuubers
3.103 £ Re. 4105 by the Darsy=Weisbach formmla with consideration of the empirical
Blasius laws -

8P, <= 2810738t =l (Li)
Power losses in liquid metal P and in the walls of the channel H. are expressed

2 , ' ) '
. 2[1"":;#‘,1”[)[‘;“[(0( ‘ 3 p 2Bm LY (belk"knc

— U T KT T T (’ Jf«)

where k' - coefficient, considering losses trom fields, due to longitudinal marginal

effect [9].

The phase current in the inductor windings can be presented by the dependence

B,,vel
V..m..,lc - X :
oc"'u bs4-n : (.(5)
where n=O’K&K 3 x‘/}‘,,.)A(l-—S)"F\‘—-‘,_s/- l

—'5—'/- ;) = k‘a 1:3 k“:b « resultant coefficient of gapj; L;D ~coefficient of
serration (Carter); k’,') - coefflcient considering the rise in nes,=no power due to the
fact that the field with respect to the greater gap 2 A does not appear to be plane
parallel ER]; l‘c‘!o -~ coefficient of rise in n.s, as results of longitudinal boundary
effect; k, - coefficient,\determining the degree of field weakening in the center of
the gap in comparison with the f1e1d on the surface of tha inductor(12].

MyW4lg,~number of phases, number of in series connectedfurns in the phase and

the winding coefficient of inductor winding,

FTD-TT=62-1724/1+2 o1n



Expression (1.,5) is ebtained if the magnetizing current component I is expreseed

by nes., and the active cne - through power losses,determinable by formlas (1,3)
and (1,4) and BYF of the inductor, '

Active resistance of inductor phase is determined by formila

T el
4mu,

£ Gkt 2k, ), (' . L’)
e

where oM - conductivity of winding copper at given temperature; k) = ‘T" - ratio of

length of frontal part of semicoil to pole graduation; hz 2 1,04 = J+15 - ratio of

-structural width to the width of the channel; krpokn - coefficients of current ex-
pulsion in the slotted end fromtal sections of the winding,
For a double layer winding k; = 1.5 = 1.7.

We will substitute in equation (1,6) instead of a and Y their values:

F(E—9

S T | e
S W | Rt (1.9)

_ After transformation we will obtains

2kik, mutic b4 2,(1 —s) .
r= Ak t(l —3s) ' (I.q
where 7 ket

“snw (19a)

Power losses in inductor windings are determined by the expression

P, . (, /0)

Using dependences (1s,1), (1e3), (le4) and (1,10) for finding the relative elec.

by P ‘,-[' - 2,
7*? — - (’ Y 0'0')

Disregarding the hydraulic losses, after iransformation we will obtain an equation

trical lossgass

of relative electric losses im an induction pumps

°

B SRR S ST

P, "'ﬂl‘ﬂll—.-:+b(r—_§;s+

o e s [atil — )0 - K2 tbs 4 )y
T B — - - ’

0 —9s N

b(b <5 )
where { re
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¢ - G _n"s R
ks k,‘.k;':.'i'" 2.4 ¢
K ke i (/. 1la)
Itn ka\'o T
Appendix II,Coofficients of equation (6)
Gy = 2.2:‘527:;:_: -9, Tb) At ey B v b)an
Gy o= — 208, 4 0) AV 4 (v + 22,nAE B A Ty, -0 D7)

a, ={c 1 ZnR) b+~ K3 (b + ¢y +4u) ¥ —
— 2(en + 3, K?) — 20%
ay == 3{(f, + b £ 1 (on + guniK?) + naKoG;

a‘=_.i3i.; =54+ d=b, +b,. (’“b)

Arpendix IXI, Jerivation of formulas for the weigﬁt of active materials, We
will express the weight of active pump materisls in the function of s and b, The
weight of winding copper of two inductors equals

_ Couingan, ThITIG, b U "'\)
where qd(» - profile of winding copper of one 'phase; gammacy, ; specific weight of ccp.

pere
Using fortulas (1,7) and (148) and expression

o R (I L

after transformations we will obtain

A¢ s ) .
J°“=i§iﬁi(i""x l:1/ “”1)

- weohe (H l-i“)

The active length of the inductor will be found from expression (I,1) considering

where

approximately the hydreulic pressure losses as ccnstants

% —sip, +ap)
1= B;-,,,s:-\-ko‘c - (,“.3)
t

Maximum induction value is obtained from formuly (1.5) with consideration of

expression for lineer loads

wok Al —s)v

B= —._Ik}a: }/-._f‘:if '\)‘i;-_-"\tﬂ’?;:“?;”{r_ (/ / /. +}
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.

Substituting expressions (III,3) and (III.4) in formula (III,2), we obtain a final

expression for the weight of winding eoppers

' - H'U-«s\‘*l\"hs - l[b + i (l-—ﬁ)l
UCJ" s(l __\ v o b1 m] 5

where
: 2k k l"l/: i 3/’)""( "

@ I‘m“i o R o (“"50')

_—

Weight of yokes of two inductors equalss
. GI -1,’1I()'\"17":,.‘f[:‘-' K, ‘\‘ lp )

vwhere PFe ~ coefficient of £filling the package with steelj Tee = cpecific weight of

steel; hj ~- height of inductor yoke., Height of inductor yokes

Ill

] B,k ky o

P m) e IILJL y
Y= "Yr ”m, “"( 8B n["“\ - ?) IH- 7

Here Bg and ij - amplitude values of induction on the surface and in the in-

ductor yoke,

The weight of the serrations of two inductors is determined by the dependence

b
G: o~ 4’1“{1’(z!ipe "Tz' Trer K‘ l\'g)

where by - height of slot; b,- width of tooth; ) - tooth pitch.

The height of the slot hp can be expressed . . through pole gradutaion and the
h
coefficient’ = = , which can be acceptes as approximately constant, and the width
]

of the tooth b, equalss
1,8

xxl
b. o= 1m0 l_fm_kuW q
2 ‘?FcBmz ‘X‘I‘mBmz ! l ' |.

where Bm- maximum value of induction in the tooth,
Taking into consideration expressions(III,6) - (III-9) the weight of inductor

steel can be presented so3

’ QB yrkit iy’ [ 1
Gre = G; + G, = o,’}{;";,',,‘ \,,W ) (n\,%)

l’ll /
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Substituting in this formula the expressions (I1I1,3) and (IIT.4) we will finally °
find

our e VEEEET (110

o Y 2hEER Qo + Ap) Y,
a &k

o | (0=

Appendix IV, Example 1, We will determine the optimum values b]l and "l by the

where

efficiency maximum for a UINel type pump, designed by the Institute of Physics of the
Academy of Sciences Latvian SSR fo bismth at uoo°c[1a]. The given valuesip, = 5,05.
100 n/ef, Q = 2,08¢10"2 m3/sec, £ = 50 Cols = 0.71;5-106 1 otm ,m, Selected valuess
bg=z.1o'3 m %, = 10% 1/chmem, by=0, ¥ = 3,38 m/zec, $=3,96°120% a/m?, dibk; B = 2243
ohmem (at 400°C); As 7,45.10% a/m, |

We will take the Values of coefficients , which have been accepted in the given
construction: k'5 =1,2; k.d' 3 1,01; k'a' = 140; ks = 1le2¢1,01°1,0 = 1,21; k; = 1,013
Ko'= L1535 ko = L1 koo™ 0.913 Ky, = 0,9665 ky = 155 dp = 115 kg = L, ky = 1,0,

We calculate the dimensionless parameter of the pump and oritical slip

K 09115 4510-1.0,745.100-3, 380
. =T 121-374 =2,91-i0-%

s = 2EK—VE@+KF—3
- 2

L 2,09 VORI A

-

7 =0,8435,

The coefficieats included in equations (2) and (6)s

_ 30 tae210-0 ) e
M T ST AT = 2N 10 g

s

o 20:2,08-20-3 7,37 10-+ /0 C

o 1,015.0,0662.92,3.7,45. 10
0.0 1 I5-T101,1. 250,745. [us 506710 ™
e 1,328.10- 0 g2,

ZT4T-10-2.2,018.00
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Substituting the values of these coefficlents and s, in equation (2),\“ obtain an*

. (10d)

from which we find b3=5,18 substitution of this value in equation (6) giveas
1
R JE R F‘sf 25,783 =
i » I ) D, ai »
— (,70353 - 2,565, — 0 833 0, ' (/0& ) . e

The use of the Horner scheme and linear interpolation allows to find a positive .

equation for the first approximation by

f JUEE LA TRV s
LTRINTEAES,

root of this equation, close to s, It equals s; = 0,758, In ananalogous manner we
find by 8; the value b, = 4,0 mm, and by by the value 85 = 0,753. The plotting, made
by fige3 gives: n"f 3492 mm, s,,i=0.752. The fewund results are close to the ones accepted
in the project: b = 3,0 mm, 3 = 0,755

Exemple 2, We will determine the optimum values 5; end bg applicable to pump IN-7
designed by the Institute of Fhysics of the Academy of Sciences Latvian SSR per mini
mum weight for sodium at uoo°c]}o. JJ;J. Given values: p, = b,.91-1(>S n/mz. Q= 6,95¢
1072 mi/sec, £ = 50045 h.95-106 1/ohm.m, Selected valuess by = 1.10"3 m, 6, =106
1/obm,m, b;=0, v = 11,25 m/secy = 7.21;0106 e./mz.ij a 0,72 veseo/r?, Bpa® 1.21 v.80c/
w2, A = 18,64 x 174 a/m,

We will take the wvalue of the coefficients, accepted in the given project:

ky = 1L13; " = 1.01; iy - 3,17

Ry == LSO 1T = 1,335 i, = 1,036: &y = 1,9

ko= 13 koo =034 by - 0,934 Ky = 1,73; (/0 %)

t = 1,04 A= —7-=:0,27.
We are assuming that pp = 0.116pn; then p +Ap = 5,47 x 109 n/nz.

We calculate the dimensionless parameter of the pump and sliding s'=s

kocka wysvr _0.834-1,3
s ku kbb T2

4m 10 7.4 93.168.11,25¢

X T3357aTe =1,98; /0 }

Y )
. 398 V15812
=3~—‘3—~.,XS 3 —4 >,270.

Slipping 8* is determined from equation (12) at K = 1,98

FID=TT~621724/142 16



—— s._;_qzu._a;----43+i -~ 0. (/O/K')
T

w7 S !
| 13 7 4 "l ¢ J
P 1y 21 i ‘
Searaft) 4]
il 1 _ 200 )
6 R i 1 I
’ l ‘s.
g 150
P g
! ]
e flsl ] ,\d\ i
! ' 1 s 100 .
0 ar 2 a3 LT C 1
Fig.l+Graphs Sou™ ¢, (D) and sy
Y2 (b) and their asy-pt%tos for m-7 " l
designed for minimm weight for pumping 5 / ~
sodium,
£
We compare{ this the equat ions -of Horner .y R | )
FigeSeDependences of copper welghts and
table [11] and search for s®\ msy. active steel weight and their sum upsn the
half-height of the channel for IN-7 pump
T T -, at B8 3 0¢3, b = 3 mm
e ew e g G T e e
0,354 ! 0,35 | —2.63 ;_1,175—,1.1,09 It can be assumed, that s® = 0,35} appears

i 17565 |

| 3.3 l _282: o Yo be an approximated vaiue of the root of

the solved equation.Another ome of its posi
tive roots equals s® =7,16 and has no practi-
cal value as the third and fourth roots, which appoﬁr to.be complex,

The optimum slipping value lies in the zone (fig.h)
. "“s....s 0,97 185C0,354 - 5, (ID,')

—— - O C ———

We assume that sg = 043, In theproject it was assumed thaf 88 0,29 for the
purpose of raising the efficiency, To determine b; we substitute 8g = 0,3 and"the
values of.the coefficients in formulas (II1,5) and (I1X1.10), Lealing in various values

b, we calculate Goye O, and G and plot graphs (£ige5) from which we find bg = 4,3

mm, In the pump under question b = 10 wm; ‘which led to a reduction in efficiency and

to an increase in weight of comstructioa.
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