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Calcu lating !4onliaear Novesent s of Incomp*essible Fluid in Inner

S~Lell

L.* Myr ykov

The problem f a flow of incompressible fluid is int? resting

from the standpoint of studyiag certaii~ p.~ysiolog ical and technical

pr ocesses.

Let us examine the f low of an ideaU~ con d uctive inc3a ptessible

fluid in a tube with elastic walls. The t i$be is capable oC changing . j -

it~s cross section under the influence of ebe internal pressure

exerted by the fluid.

Let us take :oaxial c~ilindrical ebeiM (tubes) . Here the

internal shell is e].aatic, tbs external — r igid. An azimuth

electrical current of for~~ ~ • travels a’ong the shells, crea ting a

lo~gitudin a.l magnetic field. ?be cnrr.nt ~lsich travels al ng the

inte rnal cylin der is eq ual and proportional in direction to the
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current wh ic h t rav els alon g the ou ter cyl~ nder . Here the flow of

incom pressible fluid fills the iiner tube4

Let us redu:! our descript ion of the action of an in :oapressible

flui d in an elastic tube to a description of one—dimensional flows of

a compress ible me~ iumb

The e quation of contin uity for the v~ lume of f lu i d inclu d ed

between the planes of the cross section ol the tube, separa ted b y

diatam ce d x f ro m  ~ne another, takes the fqra of (1]~

IF÷f r
51r 11.lo. (1)

Here s is the cross section of the tube, ir — velocity of the flow .

Th. ra dial velocity co.po~ent is assumed ~s b. small in com parison to

, since we are examining long itudina l wdvele’ngths.

The equation of motion is written in the form of

ft s(~~ ~~~~~~~~~~~~~ ~~. (2)

where p is the density of the fluid, P C — total pressure.

Let us ap p r 3~ iaat. tM. law of deto ra atioa of the inna r shell by
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the expression:

~O~ J 5
( 

vh.r . J-CO 7’ ..~~ . (3)

I.f we use fr om ( 2 ]  the expr .ssion ~~~~~~~~~~ then equations (1)

and (2) can be rew r itten as

+ cix (3L ‘ (4)

-~+ir ~~ #a’~~~~ ’O .

Here a is the spee d at wh ich th e disturbance is propagatel in the

fluid.

Thus, we see that the proble m of the movement of an

incom pressible fluid can in the given cas~ be reduced to the

analogous problem of gas dyna m ics in whicM the standard e~ uati on of

state will be replaced by expression

PRp~~ç. (5)

(H is the strength of the magnetic field hetwee; cylindri:al

surfaces). On th. basis of the law of preservation of the magnetic

currem t, for the •agnetic f ield ii th. gap we get:
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(6)

With  the  la t te r  considered , expressioq (5~j can be represe~ited in the

f o r m  of

~~~
‘= ~~~~~~~~~~ 

~~~~ (7)

where and c is the speed of Myht in a vacuui .

From express3 n (7) it is apparent that as the pulsating cross

section of the tube S grows , total press us e PC increases.

Using express ion (7) we can deter ain~ the rate of pr pagat ion of

the dj.sturbance in the fluid:

a’.t[i(~
.f)5c ~~~ (8)

Hence it is apparent that the second term is always a positive

quantjty, since 5’ > S, and as S grows thi propagation rate of the

disturbance increases.

It was delon3trated in (3] that iq t~ e case of an a d ia bat ic
process equat ion system (4) is equivalen t to the fol l3winj  system:

-S - - ~~~ — — — -~~~~- -
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f- (ir tJad Cn 5)~~ rta) (vr±Jad(fl5) iro (9)

Now , using the apparatus of the theory of R iema u n r aves , let us find
the solut ions

z (v t a ~ if ( v)  (10)

which is characte ristic in th e pla n. (V,a ) . Unknown fuu ctj oi  F(1T) j~
determ ined from t he bounda r y conditioq a.

Z n a simple t rave ling compression ra*e the follow ing

relationship is correct:

it.~Jad&S ‘const

The value of the :onstant is found from t)4e initial c3nd it ions in

specific cases.

Now let us also plot the analog of t~~e shock wav e in a coaxia l
system. If we use the index I to desig~at~ parame ters whi:h describe
the state of the mediu m up to intersecbio~ of the brea k an d the in dex
2 to designate the paramete rs after inter iection of the br eak and

~~ite the condition for co~seryatjon of tl!e mass flow

(12)
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the condition for  con servation of mom ent u m

(13)
+ -_& 5 (~~~.~5L~

1
‘ 5’- S a ) ,

the cpndition for conservation of the energy of the flow

(14)

where ~ is the internal energy of the syatea per unit fol une in the

cross a ction of the tube Si:

c
~~~~rJPdV,

Note that equation (14) does not con ta in  the eoerg y of th e  magnet ic

field. This is expla ined by the fact that the magnetic field is

directed parallel to the flow’. In this ca~ e the induced electrical

vorte x field is iirected along the tangesh to the sur face  of the

tube, an d the Poy ntin g vector is perp.~di~~mlac to the wal l s  in the

gap between the :ylindrical surfaces. The energy of the magnetic

field in the gap :hanges and is converted into the potential and

ki~netic energy of the system. Thus, there i~ no axial com ponen t in

the energy f lux  in the gap occupied by thd *aguetic current. Energy

is removed from the magnetic field and convert ed as a resu lt of the

r
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presence of the central compressible shel’ filled with fli id. The
tJmov—Poynting vector of the flow—shell syctem also runs parallel from
this shell .

From co n dj tj ) f l s  1 12 ) — ( 1 4)  we f ind  the expression for mass f low:

( 
- 2I=- ’~~s~-r~~~t ~~s ( —~~-~_ j _

~~

If we exclud e velocities from equations (- 12)— (14) , then  we get the
following expression:

____ 16
~ . 1 5  ~~~~ 

(
~~~~ 5.) I5~~~~~~)(~~ —~~)

a (5— f ~ ) -J .

which is the analog of the shock adiaba t ~n the studied case.

If we s•t 4~—~c 7, thsu from (16) we 4ind that when 
~
‘ = 1 on the

“intense shock vavs ” ‘rant 5~~25~ and ~~~~~~~~~~~~~~~~~~
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