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In this paper unsteady f l ~ w  of *iscmlaatic fluids through a rectilinear pipe of uniform .epoa-se&i~ her, 
been discussed. The section of the pipe is a parallelogram. A few particular oases of resulte with pres- 
sure gradient as any function ef time i.e. flow under an impkive p , r e  gradient, flow under omstant- 
pressure gradient and fl9w under harmonically osoineting -pressure gradient have been discussed in detail. 

Ghoshl has discussed the flow of ~ $ ~ o e & c  thmlrgh r e c b a a h r  duds with pressure gadient 
as any function of time. We have discussed the same problem taking cr5ss-section of tube as a parallclo- 
grm.  The problem of Ghosh becomes a -.pa.rtimlt~r case of the problem. 

G O V E R N I N G  E Q U A T I O N S  

According to Oldroyd -the rheological equations savisfie8 by vkicoe%&c fluih (Oldroyd, 1958) are 

with the equation of incompressibility 
eji = 0 ,. , 

where - 

and a,k is the Kronecker delta, eib is the rate of strain tensor, pib the stress tensor, X1 the relaxation time, 
A, the retardation time, ?o the coefficient of visoo~lify ad po, PI, p2, v1 and v2 are material constants, 
each being of the dimension of time. 

For 
7 0  > 0:- XI = p1 > A2 = 112.3 0 

po = v1 = va = 0 

the liquid willexbibit Wkissenberg climbing effect when sheared a t 3  uniform rate between rotating cylin- 
da& - - - 
For 

qO>O, A l = h = A 2 = p a = 0  

. p o = v 1 = Y p = 0  

the liquid will behave as ordinary viswus liquid. 
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E Q U A T I O N  O F  M O T I O N  W I T H  I N I T I A L A N T ?  B O U N D A R Y  
ClONDITIONEl  

The equations of motion in the absence of extraneous foreerr are 

P [ i. vi,*J vj ] = - + P I ~ J  . (2) 

where p is the density and p is the pressure. 

We now consider a slow shearing motion through a reotilinear duct having its cross-section as u 
parallelogram with z-axis along the axis of dud. Initially liquid is a t  rest. 

We ~ s m m e  u = v = 0, w = w (a, y, t). 
The stress-strain relations for the present problem are 'as follows : 

The equation of motion will thus be 

- .  - 
. . -  where 'lo 

y = -  

P 

Taking - - any funotian of time = f (t). Equation of motion beamis 
p 34 - .. . . 

- . - - -  - -- 
The boundary conditions are 

(i) w = O  a t y = m x + c ,  y = m , +  q y = - x  f a d ,  -my=- -$  

(ii) w = 0 at t < 0 

. S O L U T I O N  

Let us apply the linear transformation 

E =  y - m x a n d r l = m 9 + s  

Then the equation (4) becomes 
- .  

and boundary oonditiohs become 7- - - 

(i) w = O  a t f=O,  c ; q = o , d  

(ii) w = 0 at  t < 0 (6) 
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To solve the equation (ti) %object to the boundary mnditions (6sd those 
7 - 

m p"' sin -p w = 2 A , q  ( t )  ain . - 6 a (7) 
- p = 1  q = 1  

Since initially liquid is at re&,-&herefore t 

- A$*f ( t )  = 0 at t < 0 (8) 
I 

Then equation (6) giveb , 
- 

a 
( 1  + 4 $ )  + A ~ . ~ = s ~ ~  [f(t)+w{a]- dl.+% -;ii. ) A P , ~  (9) 

where 

16 !P s ~ , ~  = - sin2 P- . *P - ,. 
pPf2 2 2 

and . 

/ 

e 

Performing 'L* +rangfar& on (9) we get 

&,q ( 5 )  [ hrs2 + (1  + vAa &) 8 . v 
*.. 

t 
i.e. -- --  \ $  

L ___ -  4 , n  ((1 + 4 s).?b(s)) -- 
A*)'-(" = A&$ + (1 + Y A Z  yp,$s + V Y p )  

- 

- .- - _ I _ _  &,q ( 1  c t . ~ l ~ ) . T @ )  
A1 (a - 4) (10) 

a, /3 are %b soots of the equation 

4 5 '  + (1 + vAa yP,q) 5 f V ~ , P  = 0 

and 
--- 

- (1 + vA, ~ p l y )  $: 1/(1 $ ~ha Y~,P)' - 4hl Y P , ~  v 
a , p =  - 

2 4  
a 

- 
. - - -  - - . -  - . .  - Applying oonvolution theorem on ( lo) ,  we get . 

t 

( t )  + SP~P 
A1 (a - B) [Sen' [ f ( t - ~ )  + A J ( ~ - A )  J d~ 

0 

(11) 

129 ' 
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Again when A, = 1, = 2 
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&aph of velocity profile i3 dmw5 as folloW (Fig. 6); - - 

s k i ;  
-. \ 

- 

* - 

- - - - 
Fig. 6-Variation-of and f .  

, u.6 

t 0 1 2 3 4 6 6 .,- _ 7 8 9 - 
w - 
U'o 

1 -2 -3 -4 -11 -14 -17 -0" -23 -26 - - 
For an ordinary viscous flow 

Al--+t3, &--+o 
P" l6K, 8inZ $- 8inZ - 

s*. w (t, TI, t )  = 2 2 -vt (G + G)] x @f ] [ I - e  
p = l  *=1 $Fa v [q + 

-- 
p"P an- - x sin- - 

0 cE (14) 

Equation (14) agrees with that obtained by Ghoshl when we transform 6 and g into x and y and put 
nz = 0 and further if we replace p by (2p1+l) where pl=O, 1, 2, 3 . .  . . . . . . . . . . . . . . . . 

-- 
"d ¶ by (%'+I) 

where p' = 0, 1,2, 3 ,4 .  . . . . .,. .-; . . . . . . . . . the rest& coincides with tthat obfained by Fan and Chaos. 

Case IIZ-Plow Under Hamiidly OseiIlating Pressure Gradient . 

.- - I -  

Here f (t) = K ws at. - - -  . .- -- - . - - 
Hence equation (12) @vm 

- 
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 BY & S q m k  : 3fbwof YiSwdm* Ma-mo*  -Pips 
\ 

*, - - .  . "  
9 8 j h 4 .  

- .  '=z 2 &(a --BW + w 3  E [ - . o o o ~ ; i p w t + e - ~  --, ( .  

- 
p=l p r l  

i 
, . -- 

4 . - -.- .A * 

f - h l o ( - - ~ s c & a w t - ~ e o & m t + ~ )  . _I ] - ( T B O O ( l ~ t + .  ,. - A "  

i -.- - 

~4 11 + ~ s i n ~ t + ~ & + ~ ~ o ( - ~ s i n ~ t - ' w o o s u t + ~ ) ) ] s i n ~  ah -- d . A . .,-- - 
# 

Fphen)II=l=&, we have -. - ._ 
\ 

a = -  p 9 B =-r 1 .biy . . _ -  . cc-- _ .  +*. . 

8 ,  -45%* - 
w =  2f : -  (1 - VY@*P) - f 4' ( - t )  . * - 

p=l q=1 

neglecting bigher of v mil a ' - 

at t = 1, vehoity distribution is given b-;y - 
s* - - 

' 2  - s - i - .  
- wx a 2 1 -vyp,qlr.ly,s t w )  (- -=XI . , 

K 

p=l 9-1 - .-? 

:--'-F' . 
.- 

f , I  

"D.= t 
*l 

+- -- - - -  .-.*.--- "- - - - - > -  - 
t, 

f .  

H e n ~  O(&&ristiio graph is drawn in Fig. 6. Similarly we c+ &OW tbe cpsewheq hl = 1, &= 2. - 

. . - -  . * 

. - 
4- . 

\ 
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+ * 

to 
fig. 6-Varhtian of - and t, . . @a 1 - 
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For ordinary Piscons flow, -,* 
. --I.\ _ _ I - -  

AA - 6,  A;-% - - 
- - -  . - 

- -  4- - - 
. J r * 

qv ;+iPq coma s+- w 8 ~ n  irt - vyp,g~-&*,q ] i i h e  sin - (16) 
wa + va B,? l2 a 

%'=I 9-1 , _  - 1 

- 
J -1 "_ - . -  - -. . .m -- 7 .. , - -  

where 

16 p"rr 
= - sior + sin? - 2 

- 
p x 9  

- --- - 
Ymq = 

-a 

-.- 4. 
Equation (16) a h  reduce* bs the r e s u l ~ c - ~ ~ & h l  vhheiuwe pnt 0 O r  tramform* ' 

5 and into x and y. This dan also be ma& &-~at@ff i  Fan and Cl-iaoa's res& after suitable adjudment. . - 

.. - .  
DISCUSSION 1 ,  

. . .  . . *. 
Beyond the diecuwion given by Ghoshl we have obtained the npprodmate valuei of w for the'diffe'rs'nt 

values of 4 and A8 and have drawn graphs showing the c h a r a ~ w -  of vikcoeIssti~ flows. In Fig. 1 we - 
C .J'"- - q&-* 

see that a t  the points for which = --- 2p y . 2 .  - - - 1,21;3,'3. a -.- . . . . . . .-. the "ue!Ioclty profile graph is a catangent 

graph. Other a p p r ~ x i ~ m h  graph~ tm ~traight line~. By m&inp A, -+ B, Xa & O K ~  have auained velocity 
. 

distribution for ordinary visoous flow. - ir 

'I 
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