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The boundary layer equations for the unsteady fluid flow with constant suction velocity have been 
wol;ked out for the impulsive motion of a circular cylinder in the form V ( t )  = A exp (Ct) where 
A and Care certain constants. The stream function has been expanded in terms of some functions 
%(s) ltnd %,(a) where e is a function of y coordinate. The phase angles for various terms have been 
calculated, and variations showngraphically for large and small frequency of qscillatioqs, where 
the oscillatory motion is obtained on replacing C by iw .  

The problem of the boundary, layer growth on a circular cylinder which starts its 
motion from the r ~ s t  by an indpulsive force was taken up by Blasiusl who also considered 
time of separation for the second approximation. Goldstein & Rosenhead2 calculated the 
time of separation for the above cited problem upto third approximation. Later on Watson8 
considered the boundary layer growth for the unsteady two dimensional flow and solutio,~~ 
for purpose of similarity were also discussed. La14 extended the application of asymptotic 
boundary layer theory of Watson to the %ow past a porous sphere. Nanda6 considered the 
boundary layer growth with constant suction when the velocity of the cylinder varies with 
time, t, in the following two ways : -, 

(i) V (t) = Atn 
. (ii) V (t) = A exp-(Ct), C > 0 

He calculated the velocity components u, and a and the time of separation. Earlier La16 
has considered, the growth of boundary byer wken the velocity of suction is constant and 
the velocity of cylinder is of the form V (t) = A exp (Ct), but the motion is oscillatory. 

In the present skudy, sowe of inap~rtant resulb fer the phase angle have been given. 
This is important for fbe e j a t i o n s  of +he components of velocity inside the boundary , 
layer. From exponential flow, %he results for tbe oscillatory motions have been deduced 
and some variations are presented graphically. 

B A S I C =  E Q U A T I O N S  

' The boundary fayer equations in two dimensions &re 

'fhe equation of continuity is 
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If U(z: , t )  is the free stream velocity, we hw43 for the pressure term 
\ 

--- 
p ix ' (4) 

The boundary conditions are I 

where o.o is constant non-zero negative suction v'elocity. 

A P P L I C A T I O N S  T O  C I R C U L A R  C Y L I N D E R  

Let the fluid be at  rest when the time, t = 0 and the cylinder be set in60 motien with 
velocity 

V(Q = A exp (Ct) (6) 

'P'he wimity components, zc and v are g i v b  * . .  ag ec= - , W E - - - + -  
a9 8% 

~ 7 i  

and ), the stream functtbn is given by 

. dU 
- 

@U - + x1 (8) + B ((~z)-2 XXII ( 8 )  f U X ~ P  (8) ) f . -I] (8) - \ 

where - 
t 

=fT,,  Y s =  jv(tf -{9) . 
r -ao 

usual substituting above equation inh(1)and equating the eoeffichts of various 
power of 9 we get - - 

~ - .+ gx0" --b* + r u 
x;tl + K S ; - - . ~ X : - X ~ ~ + O X /  + 

, x i "  + hx9:r ~ X ~ ~ Z X O '  X; + xo bfi dl +I &'.= O (10)' 
, . 

x2an) + K x ~ :  - 3 xaa - XI' + XI h" = 0 
- 

K = vo/d(.c) where 

1, ' .  

(11) 

he boundarg conditiens are - - ,  

.,..,.. =(F ~ * o : x ' , ~ x O ) = X 1 = x ~ ~  . . 
(12) 

s = m :  x i -  ~ , x i = x ~ ' ~ - . : . . .  =.o 
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Above equations are simple and their solutions for the preeeqt Nrppae are - 
1 xo (&) = s + -[exp h ( - hs) - 1 I 413) 

{ 
* 

X I  ( 8 )  = - 1 - exp (- ms) - s exp (- hs) + K ex$ [ s h s )  -.1 
m )I (11, , 

where 

1 

h = ,  ( K + 2 / ~ ~ + 4  ) I * :  . / 
and 'j16) 

. 1  
"=-(K~+?,F~) 2 . + , s J ,  1 - 

D I S C U S S I O N S  

La16 has considereditwo cases when K is,small or large. From these results the CMM for 
small and large frgquency of oscillatibns have also been coasidered with the help of a b v e  
equations and replacing C by iw where is the frequency of the oscillations of the cylinder. 

For small values of K ,  we know6 that 

K K Z  K4 + T +  ,= - - +.... 
256 - 

K8 K= + - - -  
768 

+ . . . .) (16) 
48 

)i and for large values of K, 

O S C I L L A T O R Y  F L O W  
\ 

I TO get an qscillatory gotion, C has to be replaced by io in the above equations. From 
equation (11) we observe that if C is small, thea K ie large and similarly for lyge values of 
C we have small values of K. At the same time, C and are increasing or decreasing to- 
gether. For small and large values of &, expressions for x,(s) and xl(s) were deduced by 

- d 5n $ha present note, &hse.&we b e A ~  &ilk&-for the gxaphical repr~s-ths. 
From such calculrttions, the phase angles have been calculated which is necessary to h d  out 
if the oscillatory motion lags behind or leads the super+osed motion on the cyIiJder. In 
Takles 1 arid 2, the amgitude of the factor which &ultiilIes the oscilIaiory cofQ0ffeh.t bas 
been calculated. Such calculations &re important for dotemining the.velooity"comp~e~tS 
inside the boundary lzlyer, 



Thus, we may write 
" V P ,  , s . 3  

L 3 s , t ,  ~ ( s ) ~ 0 . 3 6 y B I A , 1  
r 1 ,  e :  i . t  1 

(22) 

where 
- 

- :\ : I A, I ,= 1 / ~ l ?  + A1ia 
f - -4/2 + -+ 4 3/2 ) -3 618 . 

A,; ,= w - - v  vo , + v  v,j W 

; ' , I '  { . . - ,  -3/2 4 -+ -1 3/2 4 -3 5/2 
Ali"=qb.v w + v  v0 w f v  v0 o 

-l& *\ 
, . a ='Can 

{ T i  i . . .  ZL - I 
J 

5 have already &own6, fhe variation of angle a with w and thus bere othmvriations have, 
been shown whose use is required for further development of the boundary layer theory. 

tEk&"iqn (21) may be written w 
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where n - 
1 Bl I = 1 / B , r 2  + Bli2 . 

-1 4 3/2  t -3/2 f 612 
Blr=- (# i42q  v w + P l 3 u 0  v w +1.065va v w 

,f 
) 

-1 -4 3/2 -' -3 f 5/2  -5 3/2 7 /2  P5) 
' Bli=1.42vo v w - 2 . 1 3 ~ ~  v w +1'065v0 v w 

* ,  

-I Bli 
j l =  tan- 

BlP , 

In Table 1, we have Galculated thevalues of 1 Bl I with the-help of Bl, and Bli when 
v = 0 -01 and v, = 0 1 or 1 SO.  we h d  from Table 1 that as w increases, the magnitude 
of B, also increases, For small values of the suction velocity, the'mapitude of Bx is found 
to be large. 

From Fig. 1, we see that as the suction velocity increases, the phase angle /? is found to 
be increasing for given fiequency of oscillations. The phase angle, is found to be decreasing 
as the frequency of oscillations increases. From the calculations, we have /3 as negative 
angle which means that the fluctuations are laging behind the oscillations of the cylinder, 

Case I I  : -Fw large a, i.e. small values of K , 
In this case from ref. 6, equations 28 and 29, we have i 

4 -43 -1 4 -2 -3/2 f 
x 0 ( s ) x @  [ ( - 0 . 0 0 2 8 8 ~ ~ ~  w + 0 . 0 6 2 5 ~ ~ ~  +0.18uOv 

4 -4 -1 3 / 2  f + i {O.OO288vOv w + 0 . l 8 v 0 v  w + 0 - 5 0 ~  

1 ' 
-1 3 

J 
-3/2 3/2 -3/2 2 4 

-0.11857~ w f 0 . 5 8 9 3 ~  + 0.021 v0 v (2s) * 

6 -4 -1 -5/2 2 f -2 
+'i (0*0013qv w +OeO5893v vo + b:16'iu0v $ 

Y 

+ 0.11857 v w 
J 

- 

A 

6 "I4 -'" + y2 [( -0.0063*o --. X I @ )  r y e v -. 
4 -2 3 - 4 / 2  01 

a * - - - - % = t o  v +0.18vov (# 

1 \ 
2 u -  2 -2 
Z - 3 / 2  i 

+OS46vo v + 0 . 1 8 ~ ~ ~  w 

Y.S 0.1 4 -3 -1 3 - 4 / 2  -1 
( - 0 ~ 0 5 4 5 ~ ~ ~  o -0'18v,v o + 

#? 
C 

0 6 0 I 1.0 
- $ 8  

0 1 a.8 
. U) -3/2 f 

0.18vpy p - 0 .  7lV-'w) ] (27? 
pig: I -\lariatiion of agle - @ with w for . 

"'g.0; ( 9 b v = ~ . l  * 1.9, 
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From above equationti (26) and (27), we easily see that the above two B Q ~ ~ % ~ $ O Q S  

a* puWat3 C 

7 

2 
oos 8 It i sin P ] I - D ~  1 (28) 

, 
4dwe - - .  . --  

2 ;  

4 -3 -1 4 -2 -3/2 g 
1 - 

C ~ , = - O * 0 0 2 8 8 ~ ~ ~  w *o'0626b0v + 0 . 1 8 ~ ,  v w 

4 -3 -1 -3/2 B '1 

. . 

(29) 
C l i ~ 0 . 0 0 2 8 8 ~ o ~  o +O.l$vOv w + 0 . 5 w r  

-1 Cli 
y 7 t m  - 

01, : 2 
) 

an&- i .  
9 P 

2 

-1 4.1 = 4~~: + 4i 
' j  " 3 / 2  3/2 +/2 2 $ 

Day= 0.l lM7-v w c 4 . 6 8 9 3 ~  vow )-0.02190v 
b -4 -1 -6/2 2 ;k -2 

' D ~ ~ = - - ~ ( ~ O Q ~ ~ V ~ V  w+O.O5895~ V ~ ~ + O I ~ , V ~ V ~  1 * 
(30) 

/ -3/2 3/4 7 + 8.13857 v 0 . .  La 
-l Dl% . 6 - tan - 
Dl* 

and ... 
-& & 2 

xl(:) = y e i ~ / 4  v ~ + y  [ o o s t +  is; ] 1 E~ 1 (31) 

, 
TABLE 2 - 

I- 

VARIATION IN 1 Cl I AND ] El I AS o INOREASES ma v, = 0.1 A ~ D  v = 0.01 

w 16 25 36 49 64 . 81 100 

- 
I OI 1 168 227 290 380 470 570 690 

i 

< 

lEl l  

-, 
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>where 

2 2, 

6 -4 -2 3 -5/2 4 2 -2 -3/2 f 
El, = - @ * 0 0 ( S 3 ~ ~ v  w + 0 .18  v0 v  w + 0.46 v0 V .  + 0.18 v0 v a~ 

4 -3 -1 3 -~ i / 2  3 -3p -4 
(32) 

~ , ' c = - - o . t ) 5 4 5 ~ , v  w - O . . 1 8 ~ ~ v  w + O e 1 8 v b ~  w - D 0 7 l v  0 

-1 Eli 
{ = t a n  - 

Elt- 
/ 

In Table 2, the variation of I C, I and 
*. I El I has beeh show, for V~ s 0  1, and 

' v = 0 .OX. B e  values of I Dl I are found to 
be increasing by ihcreasing the frequency of 
oscillations. But the values of j Dl I become 
very large and hence the oaloulations for 
ID, I have been avoided. From Table 2, t e  

see that Bs w iulc~easa, the amplitudes of C, 
and El increases rapidly. .h thenumerals are 
large they bave been given in round numbers. 

In Fig. 2, the variation of angle + y with 
w hasbeen shown. I t  has beenfound that the 
value of y is positive for the vaarious values of 
w. , Bence the 0uc$uation leads by an angle 

16 SO 44 ,'? i6 ,A y. The value of y increases as the frequenoy 
11, of oscillatioas increases. 

Fig. 2-Vssiation of +y with w. 
L 

"I 
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FromFig. 3, we see that for o between 25 aRd 81, the variation5 are slAw. As co incressesl 
beyond 81, angle I decremes fast. w e  easily see that .E decreases as C.O increases. 

From Fig. 4, we see that as UJ increases, the phase angle also increases. Ftt > 64, 
the inoremgat is slow. 

From equations (7) and_(8) , we have tha expression for u inside the boundary layer as 

which for (he os~illatt,ry motion when the frequency of. oscillations is s m d ,  becomes 
i ( w t f d  dU 2 (2ot+8) 

LC U(z)  [ ( M [ e  f -= IN1 e I (34) 

where 
' I 

I a , p d q ~ + r p  

-1 M, -1 Ni 
rl = tan -- , 8 = tan - 

Mv N r  

andmA = 1, for convenience of calcu~aTions. 

We see in this case that the cylinder is moving with velocity A cos wf,  and the espres- 
sion for u is obtained by taking the real parts in (34). The above-calculated values of 
x,,(s) and ~,(s) may directly be used and put into equation (34) for calculating u inside 
the boundary layer. 

The present note is an e-xtension of my previous paper6 written under the guidance of 
late Prof. A. C. Banerji with whom I worked during vacation under a U.G.C. Scheme for 
university teachers. 
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