
PART I FLUID FLOW

M a t e r i a l s  -  W a t e r  c o n t a i n e r ,
e t ,  r u b b e r  t u b i n g

EXPERIMENT 9

FLUIDS AND MOTION

cap i  I  I  a ry  tubes  o f  d i  f fe ren t
,  g raduated  cy f  i  nder ,  t imer ,

1  engths  and d i  ameters  ,
and water .

over f low buck-

E x p l  o r a t ' i o n :

Set  up  a  water  conta iner  tha t  w ' i11  permi t  you  to  regu la te  the  f low o f  water  th rough a  var i -
e t y  o f  g l a s s  t u b e s .  E x a m i n e  t h e  s y s t e m .  L i s t  t h e  v a n i a b l e s  t h a t  c h a n g e  t h e  r a t e  o f  f l o w .
Approx imate  dr ;w ' ing  o f  a  poss ib le  sys tem:
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M a k e  a  l i s t  o f  i m p o r t a n t  v a r i a b l e s  f o r  f l o w  r a t e  o f  w a t e r  a n d  t h e  i n f l u e n c e  o f  e a c h  v a r i a b l e .



I  n v e n t i  o n :

W r i t e  d o w n  P o i s e u i l l e ' s  L a w  a n d  d e f i n e  e a c h
t i o n s  a r e  m a d e  i n  t h e  d e r i v a t i o n  o f  P o i s e u i l l e ' s
f low o f  water  th rough a  g lass  tube? l ^ Ihy?

v a r i a b l e .  ( p r o n o u n c e d  P w d - z w d z ' )  W h a t  a s s u m p -
Law? Are  those assumpt ' i  ons  cor rec t  fo r  the

A p p l  i  c a t i  o n :

1 .  Use vour  water
(m3fi  )  and the
s p .  g r .  o f  H g  =

2.  Use the  sys tem
3.  Use the  sys tem

u 5 .

f low system to
pressure  head

1 ?  6

to determi ne a
to determi ne a

determ' ine  a  ru le  fo r  your  sys tem re la t ing  the  water  f low ra te
(N/m2) .  Conver t  a  p re isure  in  N/m2 to  p r6ssure  in  mm of  Hg.

r u l e  r e l a t i n g  f l o w  r a t e  ( m 3 / s e q )  a n d  c a p i l l a r y  i e n g t h  ( m ) .
r u l e  r e l a t i n g  t h e  f l o w  r a t e  ( m J / s e c )  a n d  t h e  c a p i l l a r y  r a d i -

P A R T  I I .  V I S C O S I T Y  O F  F L U I D S

M a t e r i a l s  -  L o n g  t u b e , 4  d i f f e r e n t  r a d i i  s t e e l  b a l l s ,  l i q u i d  ( s o m e  k i n d  o f  o ' i 1 ) ,  a  t i m e r ,  a  m e -
t e r  s t ' i c k ,  a n d  a  v e r n i e r  c a l i p e r .

A p p l i c a t i o n :  F a l l i n g  S p h e r e  M e t h o d  o f  D e t e r m i n i n g  t h e  V i s c o s i t y  o f  a  F l u i d

A  s p h e r e  ( r a d i u s  =  a )  m o v i n g  w i t h  a  c o n s t a n t  s m a l l  v e l o c i t y ,  V ,  t h r o u g h  a  v i s c o u s  f l u i d
h a s  a  f o r c e  r e s i s t i n g  m o t i o n  g i v e n  b y  S t o k e ' s  E q u a t i o n :

F  =  6 n n a V ,  w h e r e  n  =  v i s c o s i t y  o f  f l u i d

I f  t h e  s p h e r e  f a l l s  f r e e l y  u n d e r  t h e  a c t ' i o n  o f  g r a v i t y ,  w e  c a n  d e r i v e  t h e  f o l l o w i n g  e q u a -
t i o n  f o r  u n i f o r m  v e l o c i t y  c o n d i t i o n s  i n  a  f l u i d :

W e i g h t  -  B u o y a n t  F o r c e  =  V i s c o u s  F o r c e  o f  t h e  F l u i d
t \ / \

/  ^ \  /  r \

. ' .  o .  f  4 i r  a r \  g  -  o f  [ 4 "  u ' \  S  =  6 n n a v  o 5  =  d e n s i t y  o f  s p h e r e- 1 3  
/  t 3  /  o 1 = d e n s i t y o f f l u i d

T

; = tl;:':?',lluliu""
1.  f ,4easure  the  rad ius  o f  each sphere  prov ided w i th  a  vern ' ie r  ca l iper  and record  these measure-

m e n t s :  a 1 ,  a 2 ,  a 3 ,  a 4 .  U s i n g  t h e  s p h e r e s  p r o v i d e d ,  m a k e  1 0  t r i a l s  f o r  e a c h ,  r e c o r d i n g  t h e
f a l l i n g  t i m e s  f o r  a  d j s t a n c e  S .  R e c o r d  t h e  d i s t a l c e  o f  t r a v e l  ( s )  a n d  t h e  a v e r a g e  t i m e  o f
t r a v e l - ( t )  l o r  e a c h  s p h e r e .  U s ' i n g  p .  =  7 . 8  g m / c m 3  f o r  s t e e 1 ,  c a l c u l a t e  t h e  v i s c o s i t y  f o r
each se t  o f  da ta .  Are  your  measuremdnts  independent  o f  sphere  s ize?  I f  no t ,  exp la in .

2 .  A n  e x p e r i m e n t a l  e r r o r  f o r  t h i s  d a t a  i s  g i v e n  b y  t h e  e q u a t i o n  b e l o w ,  a s s u m ' i n g  n o  e r r o r s  i n
d e n s i t y  o r  g  v a l u e s .

Determi ne An
n

f o r  e a c h  s e t  o f  d a t a .  C o m p a r e  y o u r  v i s c o s i t y  v a l u e s  w i t h  t h e  t a b l e  v a l u e  f o r

A ^ = 2 A ^ + A c + A t
s , l
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3 5



your  l iqu id.  Are you wi th ' in  exper imenta l  emor? A correct ion for  the f in i te  rad ius
the  tube  g ' i ves  the  fo l l ow ing  equa t ion :

9n  .  l t  -  q l  =  a2  r  =  rad ius  o f  t he  tube
Z (p r - r i f e  |  " j  v ,  K= -z .Lo4

Find Ka for  each sphere.  Are these correct ions s ' ign i f icant  for  your  data?
r
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Des ign  an  exper iment  to  measure  the  v iscous  fo rce  on  a  runner  o r  sw immer ,
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