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THE CONDUCTING LIQUID FLOW BETWEEN POROUS
WALLS WITH HEAT TRANSFER

V. TSUTSKIRIDZE AND L. JIKIDZE

Abstract. The paper studies a viscous electroconductive liquid
flow between porous walls, when external homogeneous mag-
netic field is perpendicular to the walls. The liquid flow is
caused both by pulsating pressure drop and by pulsating motion
of porous walls. Physical characteristics of the flow are found.
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1. INTRODUCTION

In the present paper we study an electroconductive viscous incompress-
ible liquid flow pulsating between porous walls with heat transfer when
external homogeneous magnetic field is perpendicular to the walls. The
liquid flow is caused by pulsating motion of porous walls and by pulsating

pressure drop which is given by the formula: —~—— = Ae™*!, Tempera-

ture change in the porous pipe walls and in the pipe is pulsatory. The heat

ox

2
transfer equation includes dissipation energy n <) , due to friction, and

OH\?

oxr )~

Exact solutions of the Stokes-Navier and heat transfer equations for non-
stationary motion of electroconductive viscous incompressible liquid are ob-
tained. Physical characteristics of motion and heat transfer are studied
making allowance for the action of Hartman, Prandtl and Reynolds num-
bers and similarity criteria of a pulsating flow. Exact solutions of heat

Joule’s heat v
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transfer equations are obtained in three cases when they include: (a) fric-

v \? OH\?
tion heat n 83:) , and Joule’s heat v ((%) . only friction heat; (¢) only

Joule’s heat.

The problems corresponding to that formulated in the present paper have
been studied in [1-10], while the problems dealing with a laminar liquid flow
free from heat transfer in the pipe, when in the pipe walls there takes place
intensive inflow or outflow, can be found in [6,7,8].

2. THE BAsSIC PART

Let us consider the flow of electroconductive viscous incompressible liquid
in a plane porous pipe, when external homogeneous magnetic field (Hy) is
perpendicular to the liquid motion.

If we direct the oz axis in the fluid flow direction, and the oz axis in per-
pendicular to walls, then for the desired values we will have: V(ug, 0, v,(x,t)),
il
H (Ho,0, Hx(x,1)), T(,t).

If the oz-axis is directed along the liquid flow and the oz-axis is per-
pendicular to theﬂpipe walls, then for the unknown quantities we have
V(wg, 0,v-(x, ), H (Ho,0, Ha(x, 1)), T(x,1).

Taking into account the above-said, equations for the motion, induction
and heat transfer in dimensionless values take the form

ou 0%y 5 0h ou
or v 0€ v 0¢ o€’ (1)
00 00 020  [ou\’ OH\"
Z _RPr— ="+ () M2 ().
or e 8£+(3é) * (35)
where
T v %4 L? 0P H k
f—zﬂ'—ﬁt,U—V*O*af(T)——mavh—HoRmao—W

are dimensionless quantities, V" and L are, respectively, characteristic ve-
locity and characteristic length, and wg is the characteristic velocity of poros-
o wL?
ity. M = HOL\/7— is Hartman’s number, o« = —— — is a similarity crite-
n v
. . : nCy . , g
rion of steady pulsation motion, P, = - is Prandtl’s number, R =

Vil

is Reynolds number characteristic liquid leakage, R,, = is magnetic

m
2

Reynolds number, and D = TV is amplitude of pulsating pressure drop.
Vo



THE CONDUCTING LIQUID FLOW BETWEEN POROUS WALLS 75

v is coefficient of kinematic viscosity, i is friquency, w — is the frequency,
C, — is specific heat, k£ is the heat conductivity coefficient.

The initial boundary conditions for equations of motion and induction
are of the form:

w(&,0) =h(£,0)=0, u(xl,7)=¢12(r), h(£l,7)=0, (2)

and the initial boundary condition for equations of heat transfer have the
form:

9(57 0) = 01(577—) + 02(5; T) = 07
O(1,7) = 01(£1,7) + O2(£1,7) = ¢{2(7) + 42 (1) = qu2(7),

where 0(&,7) = 01(&,7) +02(&, 7) is a full temperature of the liquid, 6 (&, 7)
is temperature when the heat transfer equation includes only heat due to
the friction, and 62(&, ) is temperature when this equation includes only
Joule’s heat.

To solve the boundary value problem (1)—(2), we use the Laplace integral
transformation and get

3)

Su = f(S)+u" + Rua + M*1/, (4)
Sh="mp" 4+ Uy 4+ BRI, (5)
14 14
ﬂ(:l:l,S) :El,Q(S)a E(:I:LS) :Ov (6)
where

u(e, ) = [u(€. e dr (e S) = [ hie.rear
0

f(8) =

0\8 o\

F(r)e ST dr. By (S) = / p12(r)e57dr.
0

Consider the flow when kinematic coefficient of viscosity (v) is equal to
the kinematic coefficient of magnetic viscosity (vy,) (i.e. ¥ = v,). Then the
solution of the problem (4)—(6) after transformations takes the form:

2f
=
(T exp[(R—i—M)(l-I—f)/ﬂSh( (R+M)2+4S(1+f)/2)
- (“"15) shy/(R+ M)? + 4S

2u

+

expl(R+ M)(1+€)/2sh (/(B+ M2 +15(1+€)/2)
shy/(R— M)? + 45

+
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(w])

expl(R = M)(1+€)/2)sh (/(R—M)? +45(1 - €)/2) ]

expl(R+ M)(1+€)/2sh (/(R+M)” +4S(1 - €)/2)
shy/(R+ M)? +4S

+

+

shy/(R— M)? + 48

2Mh =
exp[(R + M)(1 + €)/2)sh ( (R+ M)2+45(1 + 5)/2)
shy/(R+ M)? 445

= (901 - g)
exp[(R — M)(1 + €)/2)sh ( (R— M) +45(1 + 5)/2)
- shy/(R— M)2 + 45 -
_f
i (‘”2 ) s)

expl(R — M)(1+€)/2)sh /(R = M)? +45(1 - €)/2)
- shy/(R— M)? + 45 '

expl(R + M)(L +€)/2]sh ( (R+ M)Z+45(1 - g)/z)
shy/(R + M)2 + 45

Consider the liquid flow which is caused by the pulsating motion of pipe
walls, (u(+1,7) = @1,2(7) = A1 2¢77°7) and by pulsating pressure drop,

10P ,
— T — f¥(t) = Ae T |,
( por T =4 )

If we take into account the above-said in formulas (7) and (8), then for the

velocity and magnetic induction we get in originals the following formulas:

shy/(R+ M)? f4iax
expl(R+ M)(1 - €)/2)sh (/(R+ M)? — dia(1+ &) /2) N

ia/(D +iaAy)

2D _.
2u(,7) + S e T =
1

X

exp[—(R + M)(1 +€)/2]sh ( R+ M)? — dia(l — g)/Q)
ia/(D +iaAs)

+ +

—iQT

+ < X
shy/(R— M)? — dia
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exp[(R — M)(1 — €)/2)sh ( (R—M)? —dia(1 + 5)/2)
ia/(D + iaAy) +

X

expl—(R = M)(1+€)/2sh ( /(R = M)? — 4ia(1 - €)/2)
+ ia/(D + iady)

2 ot Sn(Sn +ia)

x [ (415, — D) expl(R + M)(1 — €)/2] sin un (1 +€)/2+

(43S, — D) expl—(R -+ M)(1+€)/2]sin (1 — £)/2 } "

eSnT
e | (S D) ewl(R — M)(1 - €)/2sin i, 1+ €)/2+
+Aa57 — D) expl-(R— M1+ ©)/Asinpn(1-©)/2 | } )

—iaT

e

OMh(E,7) = _x
shy/(R+ M)? — 4i
exp[(R + M)(1 — €)/2]sh ( (R+ M)? —4dia(1 + g)/z)
ia/(D + iaAy) +

exp[—(R -+ M)(1+€)/2sh (/(R+ M) = Gia(1 - €)/2)
+ io/(D +icAz) B

X

T (R = M) —dia
expl(R — M)(1 - €)/2)sh (/(R— M)? — 4ia(1+ ) /2) N

io/(D +icAy)

expl—(R — M)(1+€)/2sh ( /(R = M)? — dia(1 - g)/2)] N

X

+ ia/(D +iaAsz)
1S eSo
z —_1)nt? S
T3 ;( ) { 5 (S 1 i)«
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x| (S, = D expl(R 4+ M)(1 — €)/2sin o 1+ €)/2+

(A28, — D) expl— (R + M)(L+€)/2)sin (1 — €)/2 } -

oS . .
S | rSE - D)essl(R 31— /2 sin (14 6)/2+
S - D)expl-(R- M)A+ /s (1-0/2 | b (10
where S,, = —i (12 + (R+ M)?], S* = —i (12 + (R—M)?], pn = mn,

while A1, As and D are arbitrary complex numbers.

In the equation of heat transfer (third equation of the first system) we
neglect first the Joule’s heat and then the heat due to the friction. We
obtain, respectively, the following equations:

96, 80,  9%0,  [ou\®
PG n -5 = (5) )
90, 80y 920, [ On\?

In a porous pipe, the process of setting a pulsating temperature mode
is slower as compared with the change of velocity in a pulsation mode.
Therefore we can substitute into equations (11)—(12) the values of velocity
and induction which are given by the formulas:

—taT

2D —taT __ €
2u(g, ) + ¢ R sy X
expl(R+ M)(1 - €)/2)sh (/(R+ M)? — dia(1+ ) /2)
. io/ (D + iaAy)
exp[—(R + M)(1 + €)/2]sh ( R+ M)? — dia(1 — 5)/2)
+ io/(D +icAsz) +
+sh (R—M)2—4iax
exp[(R — M)(1 — €)/2]sh ( (R—M)? —dia(1 + 5)/2)
x +

ia/(D +iaAy)
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+

expl—(R — M)(1+&)/2Jsh (/(R = M)? — dia(1 - £)/2) ]
. . o (13)
ia/(D + iaAs)

sh (R+M)2—4iax
exp[(R + M)(1 — €)/2)sh ( (R+ M)Z— dia(1 + 5)/2)
ia/(D +iaAy)

2Mh(&,7) =

X

exp|—(R + M)(1 +€)/2)sh ( R+ M) — dia(l — g)/z)
- ia/(D +iaAsz) B
T sh (R M) —dia
exp[(R — M)(1 — €)/2]sh ( (R—M)? —dia(1 + 5)/2)
X

ia/(D + iad;) +

+

expl—(R — M)(1+€)/2]sh (/(R = M) — dia(1 - €)/2) ]
. : L (14)
ia/(D + iaAs)

If in equations (11)—(12) we bear in mind formulas (13)—(14) and apply
the Laplace formula of integral transformation, then taking into account the

initial boundary conditions (3), the temperature after transformations will
take the form

51,2(677—) =
sh ( PTQR2 + 4SP’I‘(1 + §)/2) RP.(1-¢)
e T X
shy/P2R? + 4SP,

10

b%e25k

.
S+ 2ic &= ABF + 2P, Rpy — SP»

sh ( P2R? +4SP.(1 — f)/2> RPp(146)
ez X
sh PTQR2 +4SP,

10

X

+

+3, ()

+

bie_QBk

1 —(1,2)) B
S+ 2ia ];1 2R —sp, T )

X

1 10 biew’“

S+ 2ia kz 4B% + P,RBy — SP,’

=1

(15)
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where

1
Bro=—8EM + 5\/(R+M)2 — dia,

s = ~E5M & (R~ M) dia, (16)
205 = B1 + B2, 286 = P14 B3, 2B7 = B+ Ba,
26s = B2 + B3, 289 = B2+ Ba, 2B10 = B3 + Ba.

B A Ay D
by = — It [l B2 2B T gp
g -m 1T T TR
bg = 2b1b2, bg = i2b1b3a
o Ay A D
by = — = == B 7 B ——sh
) B ) \ 1 e 1 ¢ g B,
b% = £2b1by bS = £2bybs, (17)
Bs A Ay D
be = — 9 [ Zle=Ba_IT2oBa T gp
3 B — ) e 1¢ 0" Ba |,
bg = i2b2b47 b%O = 2b3b47
_ Ba Ao B3 —Bs D
by = B — ) \ 7 e dAi4de 0 shBs | .

It should be noted that for the values b2, b2, b2 and b2 we use the sign
"7 for 01(€,S) and the sign -7 for (&, S).

Consider now temperature change for steady-state pulsating flow when
temperature change at the initial moment equals zero, while on the plane

pipe walls it runs according to the pulsation law (q%lg) (r) = B%}Q)e_%m,
2 2) —2iaT

af)(r) = Be o).
If we take the above-said into account in formula (15), then for the tem-

perature in originals we get

10
bye?Px (1,2)

91,2(577—) = ; 4ﬂ£ + QPTRBIC —+ 2ZC¥P7~ + !

sh ( P2R? — 8iaP.(1 + f)/2> RPr(1-¢)
ez
shy/P2R? — 8iaP,

X

bie*wk

10
(1,2)
+ ’; 482 4+ 2P, Ry, + 2iaP,

+ B, X
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sh (VPIRZ =8iaPr(1-)/2)  ppie
e 2 —
shy/P2R? — 8iaP,

10 b2 285

X

Z 4ﬁk + 2P RBy, + 2iaP; e

o e | | P
+k§:4ﬁk+2§z ;[Zk 5P, ¢ Smw + B£1’2)+
Jr}i 482 + géi];;: —SP, e sin @ ’ (18)

where S,, = —ﬁ (ui + RQPT), Ly = T

I. Consider now pulsating liquid flow caused by only pulsating motion
of walls. Assume that pulsating motion of walls takes place in one and the
same phase, with the same amplitude (A; = Ay = ug), while temperature
change in the pipe walls is pulsatory in one and the same phase, with the

same amplitude (3512) = 0%1) = const, B§22) = 952) = const), and the pres-
sure drop equals zero (D = 0).

Taking into account the above-said, from formulas (9), (10) and (18) for
velocity, induction and temperature we have

ul (&,7) B {shﬂleB?E — shfyef1é +shﬂgeﬁ4§ — shf,eP3¢
sh(B1 — B2) sh(B3 — Ba)
eS“T. JRLESEIES N un(1+8) N
Sn +ia 2

EEESVITCESSI tn(1—8) >+

efia7'+
Uo

1 oo
ra

+e sin

2
SiT —Mya—
M < e%sinMJr
Sk +ia 2
petgest g 029 ) ")

2Mhl (€, T) B |:Sh51652£ — shfaeP¢  shfBzeP1€ — shpelst
ug

HBi—B)  sh(Bs—B) }eW*
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_|_

_|_

a0 pmeasa o pn(146)
— S, + o 2

n

_ SrT B B
+6_% SinM — 67_ e% sin M_,_
2 Sk +ia 2
— n 1 _
e gy 029 ) o
o er = | (e (159 | mngsa 9129
1,2\6,7) = sh*y 5 5
Jri i be™ ezﬁ’ﬁw.shMJr
shy &= 457 + 2P, Rpj + 2iaP; 2
+672B ,RPT(21+£) shM _ 625k58h7) }6721‘047—_’_
L~ ()" e { (1,2) [ mPe0=9) . y(1+E)
Ly CU hne™ faa) ¢ 11+
+2 ; P.(S, + 2ia) L € 2 s/ +
Py 1—
—Q—efw sin M) +
2
10 5
+ b (oo gy pLHO)
2 £~ 43} + 2P, R}, — SP, 2
+ 6_2’8]‘_% sin M :| (181)
2 )
where
~ up  B1shBa
= /P2R? - 8iaP,, bj=—————"""|
! YT S - )
by = @M 3 = _@M
2 sh(B — fB2)’ 2 sh(Bs — B4)’
h
2 sh(Bs — B1)

If we calculate friction force in the liquid and on the pipe walls, we will
get, respectively, the following expressions:

gl _ Yo [/sthﬁleﬁzg — BishBaePr  ByshBzefst — ﬁ38h/846531 o—lor
2 sh(B1 — B2) sh(B1 — B2) ’
gl o [528h51€ﬂ2 — Bishfae™ n BashBzels — ﬁ38hﬁ46ﬁ3] o—lar
T2 sh(B1 — Bz2) sh(B1 — B2) '
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_uo [Bgshﬂleﬁ2 — B1shfBae P N BashfBze P — 538h54€B3:| o—lar
2 sh(B1 — Ba) sh(B1 — B2) ’

and for the liquid discharge and for the avarage flow velosity we obtain

Fy

I_ ine_iaq— 51 _ 52 M
@ = « Lh(ﬁ1 _ 52)5hﬁ18h52 + h(Bs — 64)sh538hﬂ4} ,
I iuoe*iar B, — By M
v = 20 [sh(/jl _ 52)3}%315}1/52 + (s = 54)shﬁ3shﬁ4} .

When the walls of the plane pipe move in one and the same phase, with
the same amplitude according to the pulsation law, then the velocity on
the pipe axis fails to reach its maximum (as this is the case in a non-
porous pipe), and friction force on the pipe walls has the same direction,
but different value.

When Reynolds leakage number (R = ufL/v) increases, liquid discharge
decreases.

II. Let us consider pulsating flow of the liquid which is caused by the
pulsating motion of pipe walls, when pulsating motion occurs in one and
the same phase, with amplitude having different signs (A; = Vp,42 = —Vp).
Temperature change in the pipe walls is also pulsative, in one and the same
phase, with amplitude having different signs (B;l) = —Bél) = Gél) = const,
B§2) = —BéQ) = 0%2) = const). The pressure fall is equal to zero (D = 0).

If we take into account the above-said, then from formulas (9), (10) and
(18) for the velocity, induction and temperature we obtain

2ul(¢,7) {ch,@zeﬁl’E — chpre?28  chBuefss — chBgelrs
Vo o sh(B1 — B2) sh(Bs — Ba)

1 ) eSnT (R+M)(1—¢) llzn(]- + 6)
1 _1)n-1 T2 sin——F —
*3 nz::l( ) {Sn+ia (e B

:| 67ia7+

—€

1 1-—
<R+M,;<+a>sin“"(25)) +

eSnT r-ma-e . pp(l+€)
- e 2 siy —m—m
Sk 4o 2

_ - mnase Sin”"(l_f))}, (9')

+

2

2MAT(E, ) [chﬁgeﬁlg — chprePE  chByelsé — chpzefs
Vo B sh(fy — B2) sh(Bs — Ba)

J% i(—l)”‘l{ eSnT (e<R+M2><1€> Sinm_
n=1

:| 67ia7+

S, +ia 2
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_memate | Nn<1—5))_

—e Sin

2
eSnT @-na-o . pp(l+E)
_ (e 2 sin ———*—
Sk +ia 2
_ 1-—
_6_% sin MH(QO) } ) (1011)

pst2) RPp(1-¢€) 1+
0{3(5,T>—[;M ( w2 WS

_aregre o (1 — 6)) n

2

10 2 2
1 Z bke B <€2ﬁk+wsh7(1+€)

+% 4B% + 2P.RBy + 2ia P, 2

k=1
_672/3k*wsh7’y(1; o _ emkgsh'y>} e 2Ty

Lgn U e [gum (Hn 18,

1

2 2« P,(S, + 2ia) 2
+e T g 77(12_ O) r+
! i b 2+ R o (L4 E)
— e m-———-—-
2 £« 4B + 2P, Ry, — SP, 2
+ef2ﬁrw sin 7”71(127 3 ﬂ ) (1811
where
- Vo Bichfa Vo Bachpr
=+/P2R?2 - 8iaP,, b= ———"—"——, bg=————
7 v LT 2 sh(Bi— )’ 0T 2 sh(Br— Ba)
o Vo ki Vo BihSy

ST 2 sh(Bs—B1)’ 1 2 sh(Bs— Ba)

Calculating friction force in the liquid and on the pipe walls, we get, respec-
tively, the following expressions:

pir Yo [510hﬁzeﬁ15 — BichfBae?t | BachBue™t — Bichf 361345}6_1&7
2 sh(Br — Ba) sh(Br — B2) ’
pIl W [ﬁwhﬁzeﬂl — BachfBre”? . BschByels — »34Ch»33€’84}6_1a7
! 2 sh(B1 — Bz) sh(B1 — B2) ’
Rl W [ﬁwhﬁQ@_ﬁl — BachBre™P2 BichBre P — ﬂ46h1836_ﬁ4:|e—1a7—
? 2 sh(B1 — B2) sh(Br — B2) ’
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and for the liquid discharge and for average velocity we have

o :Voefim [520}152%51 — BichpBishBy | BachBashBs — 53Chﬂ35h54}
[1¢' sh(B1 — B2) sh(B1 — P2) ’

i :Voe_mT [320h328h51 — BichBishBs n BachBashBs — 53Ch538h54}
2ia sh(B1 — p2) sh(B1 — P2)

When the plane pipe walls are in the same phase, with amplitude having
different signs, move according to the pulsative law, then the pulsating
velocity of the flow on the axis (£ = 0) of a porous pipe does not equal to
zero (as this is the case in a non-porous pipe).

In Case I, just as in Case II, when the leakage Reynolds number increases,
the liquid discharge decreases, and the friction force increases.

When leakage Reynolds number decreases, temperature due to the fric-
tion heat increases, and temperature caused by Joule’s heat decreases.

In general, the change of leakage Reynolds number (increase, or decrease)
on the porous pipe axis exerts miner influence both on the average velocity
of liquid flow and on total temperature.

The process of setting changes in a mode of pulsating velocity, interior
induction and temperature takes a long period of time and starts after
oscillatory motion of liquid, that is, as 7 — oo, the summands in formulas
(99), (97), (107), (1077), (187) and (18!) expresed by infinite sums are equal
to zero, and the law of variation of velocity, interior induction and liquid
temperature will be pulsatory; it can be calculated by virtue of formulas

2ul (€,7) B rshB1eP?¢ — shBeePe  shfgelié — shﬂ4eﬁ3§}67im
ug L sh(B1 — B2) sh(B3 — Ba) ’
2u'! (67 T) _ _ChﬁQeﬂlé - Chﬁleﬁzg + Ch/84663€ — Ch53€ﬁ4€:|e—ia'r
Vo L sh(B1 — fB2) sh(Bs — B1) ’
2MAI(&, 1) rshBieE — shfyeP1E shBzelis — 5h546635] iar
= — e ,
U L sh(B1 — B2) sh(Bs — Ba)
2MhIL (¢, T) B [chﬁgeﬁl5 — chB1eP2¢ B chBseP3¢ — chﬁgemg}e_iw
Vo B sh(B1 — B2) sh(Bs — B1) ’
0 [ reaie (1 +€) reeate)  y(1 =€)
I _ 1 — s >/ -~ 2 sh— >’
01 2(&,7) = s (e sh 5 +e sh 5 +
10 _
=y e <625” arpea 10 EE)
shry Pt 48; + 2P.RB);, + 2iaP, 2
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RP(14€) 1-
+672Bk*fsh7( 5 g) i 62Bk§sh,y>:| —2iaT 0[1’ (f, ) _

1,2
_ leé ! (e 2026 <>,n<1—€>> .

shy 2
10
sy e = (L)
sh 462 + 2P, RBj); + 2iaP, 2

_e—gﬁk_wsh%lz—f) B egﬂkgshvﬂ o—2iaT

ITI. Consider pulsatory flow caused by only pulsating pressure drop
(D # 0). The pipe walls are fixed (A; = A2 = 0), and temperature changes
on the pipe walls are equal to zero (B;lz) = B%) = 0).

Taking into account the above-said, for velocity, induction and temper-
ature we obtain the following formulas:

it 20
i
D [shﬁleﬁ25 — shfBe1¢ n shfB3eP1t — shﬁ4eﬂ31 oot _
i sh(B1 — Ba2) sh(Bs — Ba)

D eSnT @ena-o iy (1+€)

— - P) I N S
22 {Sn(sn+m> < R
e_%sin Mn(l —§) + eSnT . e% SinM-‘r

2 Sk(Sr +ia) 2
+efw sin Mn(12—§)) } ) (91[1)

2MBM (6, T) =
2 [shﬁleﬂzf — shfaeMé  shpBzePré — Shﬁ4663§:| _iar_
i

sh(B1 — Ba) B sh(B3 — Ba)
D eSnT @ena-o . fin(1+€)
_memate un(l—f))
e p sin——-—" | =

ST
eSn @ma-o | pp(l+€)
e Pl —_—

S;;(S;; +ia) (e sin B +

—l—e*% sin /%(12—5)) } ) (10111)
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—2iar 10
e =* b paenmmg=n (148
) Sh7 -1 45% + 2P’r‘Rﬂk + QZCI{PT 2
(1 1 _
+e—2ﬁk—wshw _ e?ﬁk58h7> n
Sk 28208 (1 +§)
43; P.(Sy +22a Z4Bk+2p RB.—SP, (e Z sin 5 +
T %(125)) ) (18111
where
" D 618hﬂ2 D 528hﬂ1
— /PR —8iab, b= Pshbe D Pashb
1 2ia sh(B1 — 32) 2ia sh(By — f2)
bs == L 4= D _Dshbs (1711)

i sh(Bs — Ba)’

i sh(Bs — Ba)’

Calculating friction force in the liquid and on the pipe walls, we obtain,
respectively, the expressions:

Pl _D [ BashPre?® — BishBae ' Byshfzelrs — 535hﬂ46ﬁ35] o-lar
2ia | sh(B1 — B2) sh(B1 — B2) 7
FIIL _ D [Pashpre” — BishfBael  BushpBzels — 535hﬁ4€’33} e
! 2ia | sh(f1 — p2) sh(B1 — B2) ’
I _ Uo [ BashfBre™P2 — BishBae™ P Byshfge P — 538h546_63} o—lar
2 2ia | sh(B1 — Ba2) sh(B1 — B2) ’
and for the liquid discharge and average velocity we have:
4De~ T B — B2
or _——- shB1shBy +
“ ia [ﬁlﬂm(ﬁl e
B3 — Ba }
- shf33shfy — 1
Boash(Bs — B
De—toT B1— B2
I _
vt = i { tash(f1 — 52)8h618h62+
B3 — Ba

22'043}1(53 — 54) Shﬁ38h54 1:| .

If pulsating flow of the liquid is due to the pulsating pressure drop, then
the friction force on the pipe axis (£ = 0) does not equal to zero (as this is
the case in a non-porous pipe), and temperature fails to reach its maximum.

Calculations performed by means of the above formulas show that the
action of magnetic field on pulsating motion of the liquid and on the increase
of leakage Reynolds number leads to braking of pulsating motion.
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The process of setting changes in liquid velocity and interior induction by
pulsation mode runs faster than that in temperature under pulsating mode.

Velocity, interior induction, temperature, friction and liquid discharge
have periodic properties with respect to time.

When pulsating flow in a porous pipe is due to pulsating motion of pipe
walls, then the influence of temperature caused by the friction heat on
pulsating changes of liquid temperature is more significant than that caused
by the Joule’s heat, but if pulsating flow of the liquid is due to the pulsating
pressure drop, then the influence of Joule’s heat is more significant than that
due to friction heat.

3. CONCLUSION

In general, pulsating flow in a porous pipe caused by pulsating motion
of pipe walls and by pulsating pressure drop leads to temperature decrease
in electroconductive liquids.

The increase of external magnetic field and increase of leakage Reynolds
number leads to the pulsating flow braking.
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