ROTH U& TR Bhﬁ?amﬁ? i oF ?iaﬁﬂﬁa IRCOMPRESSIBLE FLUID

OF FPINITE DEPTH OVER A RIGLD PLAKD BAUE DUS 10 AN ANBITRARY

TIME w VARVING PRESSURD GRADIENT *

i, Intyoduction s« The problen of unidirectionsl £low of
viscous ine@mpx@ms&bla'xlu&ﬁ aet@d'ﬁpﬁa‘by prosaure sradis-e
ent hd%’fﬁeﬁﬁVéd the atitontion of sgoverial investigs Lory,
%i%ﬁalnzizﬂﬂﬁ) hao discussed the nonesteady flow of a
visgous ingompressible fluid through & straight tube of
éixeﬁiar crogs=soction in ﬁﬁﬂ pﬂ@ﬁﬂﬂéﬁ of timewvarying
prossure grodient. The nonesteady flow of viscous iycome
preasible fluld thwough a steaighl chennel with ﬁwa parailiel
fist walls bams also been &tuﬁiad by atya.Pzaﬁasu (196?)
in the presence of Gime varying pressurc gradient, In the
present note, we consider the lapinar wotlion set uwp in a
vispous ineompressiblo Ilniﬁ by preguure-prodient aciing
in tho d4drection of the flow, In sueh & case the proessure

gradient }g o funetion of time but ¢ independeat of BpaCs

cownrdinates, The general solution is obtainsd Dy using the

wothod of Laplsce Transform, Veloel$y distribuiions for

some particular types of pressure gradients pomely {1} findte

(11} iopulsive and (iii) sopitting & peviodic pulse 2re

- paloulsted in Liniie forms,
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2. Formulation ol problem $=

A cow=ordinate sysiem is chosen in which the orvigin

lies on the free-surface of the fluid and Xeaxis is in the
direction of the flow and Y-axis is normal to X and normal
to the boundary and it is directed verticnlly upwards. Let
the depth of the fluid be h, Let us consider the motion in

the direection of X -~ axis, then the equation of continuity

beconices, :9
__L_E. - 0
Therefore u is a function of y, t Say a = uly,t)

The Stokeg - Navier's equation for slow motion becomes

ouw __ 9 e |

ot f TFE + ¥ ﬁ%ﬁb (2)
= _Lop

0 -)!5,5% @

From (1), (2) and {(3) it follows that %%i is a funection

of tine alone.
Let us suppose that
_.i.?ﬁl = £{%)
P ox

et us assume that there is no cxternal forece and f

denotes the deusity oi the fluid, and v , u, and p denote

the Kinematic Coefficient of viscosity, the component of

[N
«J



velocity along X-diveciion, tisme aad the pressure of any
point (®,y) xespsoiively

The initial ond boundury conditions are

{c) uws0 when =i < y £ 68 wnd t= L

{b) u = 0 when ¥ oo e B Coand % > © {4)
e} o w ¢ . when = D ang b 0
S d 2

8. Mothod of Solutiovn fw

, 25
Lot us iptroduce the Luapiace Tronsioym W A ) JQ wdf

The subsidiary equaticn corzesponding to (2)

Ahoaq o i
oy ™ ? y
{5}
Condition {4} bDoecoms
{a)a =0 when —’K-_—j' _
! o

() %% =0 whet ¥y =0

dolution of equution {38) Zfogether with the condition
{6) is
wow TEA ) is the Laploce Frunaform of ${&)

BY el (-%‘ - i G"’E\F 3 ) " ds the lLaplace
Cof \/7\ [



ok
W

4 Q—\)naq (2 n41 % - (2%-;-,)21111) t/q’ﬁ\""
Tyensfory of — =
| m (Ant1) = g(y,t) 5

Thus applying Convolution t‘henresﬁ{ s T Lave

t

WU (Y,t) ‘( $(7) 9 (y,t-T) dT — .w
(] >/
J 3047) §(-T) AT | (Ba)
Ooo -&
- ﬁ 1) 67 (2n+) T Ifh C“"”) m ’)T}‘I'ﬁ
n 2+ | F(e-T)olt {ab}
M=o o

4. Particular types of Preggure sradicntg,

) Conabunt progsure gradicnt je
Y sake T{E) e oA di{%)
where i{t) is Heaﬁiaiﬁés anit funetion f.0. H{%) = 2
foy v > 0
)4({) w O foy 10

Subatituting from (9) in (8) we get

o<
t
(t) = NV Crmrssg [ )55 T

- 2t HETdr

Mo & (10}
where Bt « T } = & when t > T
= O when ¥ LT

Thee when & LT 4 we have uly,t) mhﬂ (1)



and when © )T we hw S

aly,t) = 4HA ZL ) Co (zwr) T f (?—'r\+|)rrv‘l’/4f\q,o£

27 o+

0o

2- o0 2’
Z ) Cnanti) TYsp (l 'C’-h+l) Trlz)é/é,ﬁz,
res /

{22}
(b} Impulsive pregpurc gradient
v toke £(8) = A S (4:)
The motion is set up by application of an dupuise
A at t = Gy ang S is the virags - dolta funetion
flence, T(E-T ) =4 o (% -T ) {38)
Making wbaut?twu from (13} in (68) we get '

uly,t} = Aj % (4/7) SC#“T) AT

= A %(‘j,t)

_ 4o Z@) Cm(ihﬂ) TYL4 —(27\-‘\'!)171) b/ g

2]

{14}
{e} Periocéie pulse of pressuye = gradient fe
Wg toke Z{t) = b siuok when o<bg T/,
«;:. & whon t > Ty
de@. the motion is set up by 4 single poriedic pulse of

nropsure - grogionb.



Bow T(A) = DJ& Aok b =

25 (+69) oo

Haking subsiitviion from (15} in equetion (¥) we get,

o~ 3o kil
GlysA) = —— (__ M@j
A Y |‘ M—&D/QJ_%&)(HQ “))

Now
i [wa)( G;{%Jéﬁ)] = T Gt

. B {é“f@vﬁ@y L ot e®y
2. —_—
anz@& VR

Z -1) 603 (2\'\'}'1) TU/Z,& - C’Zh-mlrrqa) L’/qﬁlq_
(=

K <
Y\'H)[(Z +:Gfgr\ ot 60'3'] = P ly,8) sey

men wlyss) = k) + & (v,L-) # (t—-l%g ”
wp-q)

s dravdres L1 !-;"lT 4 wbrmiy E
whore 4{ & R 0 wmhen & < .;EB

~

=]when % V4 _ZIO

Thus when 0 < € ¢

vy t) s wk -
u{yyt) = ~% nat 4+ B_ [e‘“’w; [ g‘”t%@y]
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Equation (8b) gives 'm:é ?elociiy. digtribution fopr the
viseous incompressible Tiunid wiﬁé an arbitrory prossure grie
gignt which is'a function of time, The :éxpmsisiﬂﬂ {10), .{M),
end (16} are the velociiy distribotion of tho mame Linild with
constant, iopulsive and periodic pressuro gwmlienw rospectie
veiv. ‘

A& graphical represcntations of the velocity distridim
tion in the range 0 LWL < ana Ab)Tare depioted . in
Fig, 1 and Pig. % respectively / Assuming the value of

XA stemay=-%t , V2, = & 7, Fig. 1 and Fig, 2 show
m:m. valoeity reaches its mximu;:\'w%wn t*%ﬁ and after
that exponentially decays as t increases. A varlation in
the distribation of veloeity with theldiimmnt heigh"‘c is

also stiown in Fige 3, agsuming the Tiwed value of QF = sz:
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ROTES ON THE PULSATING FLOG OF VISCOUS FLUID OF FINIUE

DEPYH UL 70 A SUNFACL FORCE,

Egtzuﬁﬁa@iun e Tho probles 0f pulsating flow of viscous

';’1neamprasﬁible fluid uadey timeedopentont pPresasure Sfde
dient superposed op a ésﬂaﬁ&nt presgure gr&ﬂiénﬁ [t
regoived the nttenﬁiuﬁ~0£ 3&var&1‘invéatigatérs.

ﬁéhié&2g£595ﬁ} s considered the pule

sating viscoug Liow superposcd on & steady Laminar notion
in o pipe of ciroular Crospeseotion, Veﬁmaggiiﬁﬁﬂ} aonsie

‘ ﬂeréﬁ the fLiow of viscous iguid under exponentiial
pressure gradient superposcd ﬁa ateaﬁy lamipayr Liow
vetween Coaxial Cylinders, Following the motbod,
‘Bna%taah@ryyaaiaQﬁﬁ) golyveld the problem of flow of two
incomprossible ggmaﬁﬁibia Linids beiweon two paralliel
plates, in ihe present pupory the method ig aﬁpiieﬁ to
determine. the vpsteody £iow of viscous ligquid set up
by a8 presgribed periodic tangestiul force superpaaeé on
a stondy Jlaminup Llow over & rigid plone basse It is
found from ibe goneral expression for velocity distrie

'ﬁ?ﬂtiﬂﬂ tﬁat layers of the fludd arc moving with difict=

| ont phases having thedr omplutude dininisbing with
vinexeuﬁing-fro@uﬁney@ in case of siople @ariééiﬂ ptrle

sation gome physical features of the motion bave beon



pointed out., Total flux and skin friction have alse been

aaleulatoed.

formulation of the prohlem ie 4 co-Urdinate system is

chosen in which the origin lies on the free surface and
Ymaxie in token along the divection of the flow, Yeamis
is daken along the normal to the oxis of X and is direcw

ted vertically downwaras,

Let h be the dopth of the fluid bolow the surface,
the length of the chonnel is very large iu compurison te
the widthe Let u be the valmoiﬁy component along the
Xeaxis, Y-component of velocity is Zoro, since the flow
is aspumed 0 be unidireational, Lct/ﬂ,KD deniote the
cocfficlent of viscosliy and density of the fluié respoce
tivoly. Negleeting the prosence of extreneous forces, the
eguation governing the unsteady fLlow of viseous inconpres

asibie finid are

N '3 | | o |
—'—::—JP@% + YL ”

-{o@}% o (2)

where Y = é‘."_
P

&
sl
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The equation of continuity is

E_“_:o
o
(3}
Bguation {3} indicates that the veloecily 10 be constant
in the dircction parallel to the axis of X,
Doundary condition for the problem
0 | (4)

For pulsating flow, wo assumed that shearing force to be

W

/

ne o onys=h k7

given by

.‘B | D | OQ |
/u'g—' = Ao -+ Z A%CGV\}.‘-I-ZA/;,.‘/S\J\%/{T

j - Ry "<y '
9. L‘h;t"
ek . (a)
ony=29

whore 4 is real constant and
ﬁ&n = Ao;:\'. \“ASr\, : ) A—e,,,\_ and A.sr»

are real constants ropresenting the aopluitude of elemen

tal variations.



Solution te~ If we teke the pressure to be constant, then
the equation (1), (2) and (3) are gatisfied and equation
(1) becomes

ou = 2%
ot yroo (e)
How foy the expregsion of veloeity, we assume the

Fouriar sori
[+%¢]

X
where Uy = U, — LU, » M% and U,
are funelion of y only,

Making substitution from (7) in cnuation {(6) we get
co

. unﬂ" ef_u L).\f‘

L) nihee = y| 2% Z l,_

n =

comparing terns of the same family, we ped

dw _ _ |
Y™ (8)

L .
L _ 0,
Y

oy T

«J



The boundary conditions for ithe problem 2ve

{a) Wy, =0 ony—.:h,th
-“a’ (19)
{b) /u “n = oAy ony=0 bt >0
where R o= 0y 1y 29 ecee

The differential equaiion (B) and (9) admit of the
following solutions satisfying the boundury condition
(t0) |

Ao
uo W o— (’ﬁ\-— y)

/” (11)

Qw\ (‘ﬁ-y)— e—'w\ (»f\-g)

I -
rm/b\ Q%&+ -e_'m&

whore m =K{ 4 + 1 }, K 1711)

Thus the general solution is given by the reul port of

the following eﬂcpfes‘ii{}ﬂ

Ao (1,y) - Re Z oy @[ C9) m(h))

3

(B-y) +v‘i}2f< Az[Acth(xr+g{.+e +6)

+ ASr\A""V‘(h’L_'*‘-L—T-l- 9,+9;_)]
(13)



wshere

22 = S (hoy) €™ (hey) + ol (o) AT ()

a2 o Lokl Aolid 4 Cohlih Gl

(14)
ang .
6 = Faon” [ Hor k(Rey) Gk K (£y) ]
B, = fonT' [ Gk Coth k)

(15)

Thas the fluild layers execule simple harmonic motion
baving thelr ampluiudes proportional to the amplutude
of the disturbing foyce ond anplitude diminisbes with

increasiug frequoncy.

fapiq Vibration

when a Yiguid of small viscosity pulsontes yapidly, the
parameter Kh becomes very large provided h ig also large
then &inb 5k —> o0

whon kh D > |
and Cosh B —> <

Then the wotion onr ithe free surface is given by

o A < L3
T Ooy) & ) K[ e R ORS¢

3 Az Koan (nk+ 37
n +3 )] o



Thus in the rapid pulsation, fiuicd flows on the frec
guriace with 9haﬁe ahbead of 1350 irom the wave of
gisturbing force and its amplitude diminishes with
ipcreasing frequency but it increaseg when V
Cdeoredses,

Let us conslder the cose of simple periodic pulsation

given by

/M-ZEi' - Ab + Atv\C%37Vt ony =

we writ Qu - 2
v Gy = (S e p (),
then /u((%}i )a = A, | (47)

and )h = /Jt)—\Cmr\k

The expreasion for velocitw distyibution becomes

1 == o4 §
e

where u, = — _é_} (/f\_ ‘j) {18}

and 0, =
fi A|

‘ lk&rx Cs (*”k'+'1f ‘ ] )
VI MK Ay 4 +8t%e
. (19}
whore 4 s ﬁz are given by {(14)
and Sﬁ) &, are given by (15)

Sox Wy F T A_‘:/V\CO'TCM-—'—&) {26}
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Taus t’rze‘ distribution ef veleolty io spimple harmonic in
ngture baving the "bisze period 3—3{ ewml %0 that of tho
digturbing fovce. mﬁ.ffeém‘@z.ziz layers of the fluild sre
moving with different phases having aifforent aoplitudess

filere G = rogroaonts the coefficient of aaplitude
“ A '

ef the V'@I?:é::;,ﬁ; distribution which is a function of e
Yaristion of G on " -'t;hﬂ free surface for differegut
kh have been shown i;ii table I, and

S w'j_% +6,+ 6, vopresents the phase ahond of the wave
of disturbing foroc.

o At the freo "am:*:‘;‘ace, the coefficient of bthe
|

3 'F 2/ K
beconcs —%-L for ?&xbzsn, 8 15383ens + Sorregponding

auplitude attaine its steady valuo when S w

graph ba® boon depleted in Llgure I.

fotal Tluzs-

The total flux ‘; 1o given by

: - (P 4

0

f

Iy S Aheri:[eMCﬁ—g)_- -e-.-&(.ﬂ—yDJ
> %Le’h‘e\_“‘gh’ﬂ\] OL_)




I

N2
/A

3~

Ao Asw g« r s
% {_;anm—;r_)+? PN, :;_)}

)

\

{A‘m Coo (t+82) + ij;zM(“ﬁ@.z)}
| |

\;lt
a’l\Aa

(21)

where A, and 92 are given by {14) and (15)
B2

in o simple periodle pulsation produced by {(17), (2i} is

reduced to

b= - Aot P A Cos (nt - 1)
2 Moon “

A‘“ Co (ni‘%—ég)

7’1.A2

\ﬁli

(22)

From egnation (23} it follows that total £lux consists of

two tynes of siople poriodic pulse. Bue B0 the ist pard

.;% hh_ Coy (£ - -g—) s tho flux &, hus o phose

lag in to the wave of the phoarinp applicd foree,
having the coefficient of amplitude 63; = 7%?1

thus the amplitude due to this part graﬁnaliy diminisles
as the fregueney of osecillation increases, hue to the

énd part flox & nas a ph"“e ahead of Qi to the waves

32
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'of the shearing :fofce having the coefficient of amplis
tude Ua,_ = F';\—AZ. 'Tim values 0# | 5'&2_ for
qifferent kKh have been tabulated in table IX
Sktip Lriction i

Inatanﬁme_ous frictional force acting on the

wall is given.by

| 0
T = —/L<?l§_ j:‘/&

== A - Z::' % /gﬂ;‘Cht+_&;_)

Lsn G (nby e,
—J?m, A O oy

where A, and 0‘7_ are given by (14) and (15} respectively

2
In a simple pericdie pulse given by {17), eguation (23)
is reduged to ’(" = - Ao + A_‘Zs_« G (nE+ 3_2_,_1[)

2

. na

= ~ Ay + Aen 0% G (wl:’-;.é:c) (24)
where
67(’ = Jﬁ-g_ represents the ctoffiiclent of amplitude of
shearing stress at the wall and cS:C represents the
phage ahead of the wave of the shearing foree applied

op the surface, It is found Lrom (2£) that T s






independent of freguency of ogscillation,

writing 't;b = A1h“ /5mm Chf=%€i>

't;x iins bsen depietaﬁ.ior diiferont values of kb

(thlﬂg nk = 2_ i in figure 2,



UNSTDALY FLO¥ OF VISCOUS INCOMPRESSIDLE WLUID INDUCLD
DY A MOVIKG Douxbpany X

Introduotion $= The flow of an Urdinary viscous incompreo—
ssible fluid past an oscillating f£lat plate has been dis-
ocusscd in detuil by Sehliohtiné? The problem of motion of
.liquid-due to oscillating boundary was investigatod by Loxd
ﬁayleiéhjs | | -

In this paper, we have assumed that the
filuid is at»rest‘aﬂ & rigid boundary. The boundary is made
to move by applying different types of force viz (i) impule
sive (i1) force defined by sinosoidal function of time acte
ing for a finite period (iii) o comstant force acting for o
shiort intexval (iv) a fcxce'expﬁneatially decaying with time
upio a4 finite period respectively. The respective velocity
distributions have beon calenlated by applying Laﬁlacc trang
fosm,

Formulation‘of the problem :; ‘

Yo take the origin on the boundary 2 = Oy
the axis of X heing tiken in the direction of flow. Z oxis
is token along the normal to tho boundary, Ghe unstoddy
motion of the viscous incompressible £luid induced by the

motion of the boundary in its own plane can be ragarded'as

36
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a two dimersional motion in which the only Component of
velocity different from zero is parcllel to the plate. |
That means the component of velocity in the dirvection

of & is ZLero, Assﬁming the pressure to be poustant, the

equation of motion cen be writien as

R G 1
Om "‘/M Du + 3'4)
ot % (1)
(Xeglecting the §zeacnce of aumy oxtrencous forces)
The equotion of continuify is
OU _ o
= = 0
xS (2)
flence equation (i) becomes
'_a_f(_ = ?:LL ‘ (3)
2t o% -
stondes forx kinematic Coefficdient of viscosity,
Ve suppose that the fluld on the infinite plane
laging 4 = O is initially at rost and the laminé is
suddently set into motion with a velocity UD()
where U is constunt,
Thus the bonndéry condgitions for‘thé Problem beconre
M(z,‘t) = UCDU:) osRon 'itoA,t So
| = 0 ohone 700, t>o (4)



Initial conﬂitibn is

wat) =0 shom £ = o (s)

3. Hethod of Solution e

. _ . 5 .
We introduce Laplage Transform

— bt
Je_ #u.au‘ , Re(mro

‘ZI

The Subsidisry Equation Corresponding to (8) is
L |
w — .
e :‘g“ | | @)
Taking Leploce transform of equation {4) we get
w@@p) = Va(p). c.rﬁ,.,,\_}‘:o }

The solution of equation (6) is

) Y EN
U= Ae + B= (8)

Ghere A and B are functions independent of Z

'&incb. u:. s Linite Loy every value of % and

so is W , Therefore we have A & O
B R
’Ifhuﬁs u=Be (9)



condition (7) gives B =

v E qo) (10)

Making aubstitu%ion from (10) in aqnation (9), we got

2 b5

W= vB(e

| | (11)
e L —zJ?b
Shernefore UL:UOf[w(P){ ]

{12}

the inversion of eguation (ii) can be accomplished by
| | 5 ‘
using the Cunvolution theorem, giving

t %/
Uz g’w(f e’ AT

AT
2V T C o (18)

Cu&tE) =

4, Case I 3= Impulsive motion :w

V’e choose CD&) wo’z?(t)where‘ 5 is the Dirac=lalta
functiom

Velccity distkibution b@comes
' UZ & B/
w(mt). = \/._.))OS g (t T) S
: ) T2 ‘
’ U 7 o ~e—Z/‘ﬂt
2 | ' (4)
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The retaxding force on the boundary per unit area is

o du
2 )

Z.—_o

= - M U o
Ve

Case II Periodie motion of the boundary

Let us assume O&) to be a sinosoidal function of

time“;.ﬁg’fé{i;;ing for a finite period

Let, ~ QAK) = #H(T-¢) Aot o (18)
]{‘ .

‘where I(t) is Heavisides step function-with the property
o . +vv TLKE

I

sapplying Laplace traneform to the equation (15), we get

2 (-t |
3@) - j e M u(tt) Lot db
R [ .
_E “{JT‘ o ) ~t=r_(’
= € SuwdT - —
P - v T
)




Lience zaking substitution from equation (16) to the

equation (12) we get
_ZH __L TP cha“[’ @ _3"& -
P”fi—(l) }5‘4-:,0 5 & %)

o (17)
o™

M_U

inversion thoeoxem gived

when £ > T
YH
u@Et) = = UAuaT o PET b éz&%
o amt ﬁ\:(-u)l
Ve
S Y
_vo Gt PO gy [ pe 2R
) TR P S S
"~ R (10)
ang whon t T
e Yoo N
Wet) = 2= | efte /‘;_P
2 B w0 (19)

wherra'}/ is greciey than the real puart of all the
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singularities of the intogrand in (18)

Now we coagider the integral

L ﬂ:_oa{’ * Uz

p

there is o branch point at b = 0 § so we use the

a “—L FL"' w’\’
e

centauy shown in the annexed Zigure. The integral
is single-valued in ithe region baunde& by the clo=-
sed eircuit and has poles &t p = + (W |

rend
Then by Cauchy's theoroem

Y‘ o0 .
Pl §72 .
oT(l[—“‘_ QF — Qtio — —L—PI/&.W gb. ﬂn.n w\hgw«axa

L (Sl E A ) T g (ot VE %)
Frar
0

CinaIUL f’ :-/D ’Q:

:/O—Q.er overu EF_

ocver <. D O"V\G{

v



b
w

Therefore the solution of egquetion {18)
?)
- 4 U [ oA =lE
L () = TrJ Ao B
. “p(t-T -2z
- Uu)CmcoTj i sz/z

Vs G(/o —UCrnaT e 5

sad (18) degoms

B -
dp + U‘i?\[:i*‘« (ot-%3)

‘°+co
[v]

Qo

—T
WENPIC T')—Z\Fo:) +WS““°°T{ ’D/)S“”?F
| T ) e

[wu T) —z\r]

VAT e’

o6
-ft M?E clla

f’—\-co

T

- U |
or L,‘L(zl,k) = Vo g UoJCaowTK
: Tt

I 7 PE-T)
x{éf’ )M?@atf Uchon f’/ﬁwz/;?

P m | | /O’“*’
4) 0

Jov £ 7T - {20)
and for t (T .

_Uw Pt/S«Az\/: ) _z‘/ﬁ
u(Zrt) 5 = 4/0 + Ve M(w& 1/—)



Case iil. Consider a consiant foree acting on the bouns

dazy for & finite period.

Let up chovse

w.(’c) = Cao[)’:(’()— H Ct—T)]

{22)

where i{t) is ieaviside vnit function.
The relation (22) shows that ) (1) = O when t > T and
€ (t) = Qp when ST, %o are considering therefore the

case when the applied foxve acts fox a ghort interval,

?he Laplece transform of equation {(22) gives

56¢) = COOJOQ{FF&[HG:)— Mé-—?)]abk—

] | (28)

kaking substitution from equation (23} %o the equation{i)

we Hhave

- Wy —pT L o
Ww(zp) = ——“‘—UF (|" < ) < | (24)

o
Ve



Inversion theorem gives

Y2
o t -Z ?
Uw o b e )

Z,t) = |

W@t amd 5 p

- ‘ : {a5)

Y=<'
Tor 0t KT o
apd for t > T
Ve
win)z Lo pt P S7
art ) P {25)
Y‘»—-Coa ‘

' Ta‘%‘hare}/ is greatey than the real partg of all the gipngu~

layities of the integroned in {26)

Solution of cquation (25) and (26) are(Cf := Carslaw

, 4
ang Josger)
. e
Z,t - U o - &
M(/) | [\ V—”JQ_ Jﬁ]\
o .

) Vwofhfc’] —fOf'o<4:\<T’,

and
T

+w't v T {28)



 wheye l—- S ok ’Y) '-‘-H —E——-
| = eV R A ek

when t < T , the thickuness of the layer of the fluid
set in motion in of the order of 2/Jt.

The result in (27) is identical to the solution of
the problem of £low of viscous £luid on both sides of an
intinite plane lamina ( $ = 0 )} is ipitially at rest and
the lamins is suddenly set in motion parallel to OX with

o veloeity Udywhich is then maintained constant. |
. ! ' '
( Re, H.lombd te Hydrodynamics - P - £90 )

The Relarding forces on the boundary, per unit area are

- given by

w—Q/A?ﬁiJ = 2m U edo

and

, A .
Ve V-1 {a0)



case IV

in this case we suppesé that a finite
force is initially applied on the boundary and
that this forece decreases exponentially with

time and after time [ , the force does not exist.

Let us choose

-t

Ole) o Wo H(T-t)e (31)

Laplace transform of equation (3%) is

- T
() = [l_e(w)

pte (32)

Solution eguation (12) with the use of equation

(3@) gives
| v
~ (p+)T| 2%
Ud e e

w@p) = w\:—\-w | — | (23)



Inversion theorem gives

Y e
D th- “?[—/D

\A(’El‘t): 2“’(‘ ‘3 p Oc-/F
+

YR S |
,—ch t<T - (34)
YH'D
-~z ¥
u(ir,t) - ULO‘o Q{:E_Q \/: {P
PRI e e
Y= R
YA )
Do o2 T L PET) . 2«%,,(#
' w)
2ATC Vo -b"' (85)

where Y is greater than the real part of all the

singularities of the integrangd in (34) and (35)

Thus for &t > T

_ %Y wl [“
u(z, t) = Uwo e | ¢F _\,r)
¥ T . —G)—L—f. (Z = C u)(:

b e G )



-0 T -0 (t-T)

'—__U(.Oog e

2

(7B
(Q feh.—fe(z

- e (Z@ﬁ CWT))B

and for % ST

ﬂ{}Z,t) =

UUJO e"’at

2

) w
—CEN

Cz\/’%;

+ € QJLJCC_

(36)

< o G- 5Y)

(

¢ t
fm—& ﬁ)]

(87)





