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6 BT Odl {SAE 30) ai 15.6 °C flows steadily berween fixed,
horizontal, paralle]l plates. The pressure drop per unit length
along the channel i 30 kPa/m. and the distance between the
plates is 4 mm. The flow is laminar. Determine: (a) the voleme
rate of Aow (per meter of width), {b) the magritsde and direc-
tion af the shearing stress acting on the bomom plate, and (¢}
the velocity along the centerline of the channel.
. _ 24%4p (. 6.136)
fa) g EZ
=3 - .IU-I Ap _ 3 N
Br 4= 4,...4.4 = ZXi0m , T 030 5 and jt,.j'axm =)
m '.'l - ¢
3‘= Et’zxmm}t@&x #al x4 %l
MeX
3 (635 2)
(L) (é_. ;'Lf-." (&g biz5d)
Smr.e. b } CE? WELY
W= :‘,u. ax
dpa =
iF Follows 'ﬁmi ,
g =
.3;.‘5 = ;:;L o (29) X " ©
and 'fier:éve
. 2P
Ty = £ (9)

At The E'a#'DM Plrd'f\‘!_, Ef:-“‘ﬂ guad  Since f-ﬂ z - %EJ,

; Tyu "*’ra:f-(awm—l(mﬂ-?

= o, acting in The direction of Flow
A

(e
Upa, © ) (Eg c.138)

2V
= 3 (_%_)zﬁ { 42s .xm’“.;ﬁ)
< Z

- = o0./53 &
zh (2)(2x10"%m) 8

¢ _Aa=7



BIOENG-312 Fluid Mechanics for SV

.39

Dhrection of fiow

6.289 A viscous, incompressible Auid flows be-|
tween the two infinite, vertical, parallel plates of
Fig. P6. 8¢, Determine, by wse of the Navier—
Stokes equations, an expression for the pressure
gradient in the direction of flow. Express your,
answer in terms of the mean velocity, Assume
that the flow is laminar, steady, and uniform.

FIGURE P6.39
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6.95  Twoimmiscible, incompressible, viscous
fiuids having the same densitics but different vis-
cosities are contained between two infinite. hor-
izantal, parallel plates (Fig. P6.95. The bottom
plate is fived and the upper platé moves with a
constant velocity U, Determine the velocity arthe -
interface. Express your answer in terms of U7, g,
um_i #;. The motion of the fuid is cansed entirely
by the movement of the upper plate; that s, there
15 no pressure gradient in the x direction. The
fluid velocity and shearing stress is continuous
across the interface between the two fuids, As-
sume laminar Aow.
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6.99 A vertical shaft passes through a hunn% and #s lubri- — 75 rm
cated with &n oil having a viscosity of 0.2 N-s/m* 13 shown in )
Fig. P6.99. Assume that the Aow characieristics in the gap be- Baring
tween the shaft and hearing are the same as those for laminar |
flow between infinite parallel plutes with zero pressure gradient 160 mm
in the direction of flow., Estimate the torgue required 1o over-
come viscous resistance when the shaft is tuming at 80 revi/min,
= - I oil I-—-C-..Ei T
®m FIGURE PB6.99
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6103 A simple flow sysiem 1o be used for steady flow
tesis consists of a constant head tank connected to a length of
d4-mm-diameter ubing as shown in Fig. P6,/02.The liquid has
a viseosity of 00015 N - /m®, a density of 1200 kg/m®, and dis--

charges imo the atmosphere with a mean velocity of 2 m/s. (&) Prasure
Verify that the flow will be laminar, (b} The flow is fully de- Bege i (2)
veloped in the last 3 m of the tube. What is the pressere at the
pressure gage? {c) What is the magnitode of the wall shearing ! 4
Siress, 7., in the fully developed region?
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m FIGURE PG6.I03

(o) Check aﬁynfa? Eraten bep- to debtrmime £ Focw 13 laminar
o= pYR . (200 R2 ) (2 2 ) 0.00%m)
A O.ovg M2

Sl

= G4o

Since The ﬁﬁrﬁaﬁ-{f Humbtr &5 well belowy Rioo The Lww is Jamiar,

thy  For Jemmar Flew,
4r { .Eg_ &./52)
A

&f[ ﬁjh‘ﬂ’ )

i
iy 8
I
o

Since ,r.‘!/b= 4

b 8V (005 G2 )sm) g5 4p
S (2028 p)*
{3 = | & e } i
T& S P +_$F {"Eg L inkf

Ror ;.ffuf.l"ﬁ developed pipe Alow, Y=o, So That
Az
Ta=fe 55

Also H
) -;,5 - ?.;ru[ _flfj j f’r_:f_ & /5
and wiTh VL= A v ; wheve V 5 The mean velscitly

Tpp= 2V (- %:-

=R
HUSJ D.'E t]"lt wl”) r_vﬁ:'[- ‘_ ‘-I- (z%‘ }{a I:liE yﬁfq"'!:..} - ég‘ﬂ ...”_
I(Tr;)mu - \ R (G2 m) :
6-117



BIOENG-312 Fluid Mechanics for SV

&. !

6.10%  (a) Show that for Poiseuille flow in a
tube of radiug R the magnitude of the wall shear-
ing stress, t.,, can be abtained from the relation-
ship f

for a Newtonian fluid of viseosity . The volume
rate of flow is . (b) Determine the magnitude
of the wall shearing stress for a fluid having a
wiscosity of 0L00% N-s/m? flowing with an average
velocity of 139 mm/s in a 2-mm-diameter tube,
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