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Part(l) Transport phenomena

(A) The Simulation Problems and Solutions
for Momentum transfer

The Problem-Solving Approach :

t3Extracting the N-S kq method

(1)Carefully read the problem statement

{2)Choose a coordination system ( retangular, Cylinderical
and Spherical )

(3) Sketch system diagam

(4)Extract the describing N-S Diff Eqs

G)Set up BC & 1IC

(6) Solve the Eqs, Subjecf to BC & IC

(7)Analyse the Results

() Shell-balance method Analysis
(1)Choose a Shell size
(2jForce Balance
3)Shear fgrce related to velocity gradient
(4)Velocity distribution Solved ( B.C Known)
(5)Average or Max. velocity

®)Drag force



sample 1,

Steady state of laminar flow for
Newton’s Incompressible fluids between two parallel flat
ates find
1 Velocity profile ?
2 Pressure drop per unit length of the conduit “deﬂ =7
IVimaa =72
L <Viewe>=1
5Q=7
2 1By Simplifying Navier-Stokes egq
*\é‘ Litparbagiipepgifsd

4
-55 U ‘/L——ox——ﬂ},((a)
‘5—5711"727#:77777777—

from eq of continuity y.p = 0

Wy W, Ve _ W, 3V,
ax ay+6z =0 = 3z 0 T G

ai E,o=Vi+V,7+VE
on

x— compoment

i
3y
f mo
L;K! 71 ?zvé+v.7vA>____
g t
a*V
p 22 2 L

L9 BV, 4P _ 4%, .
az—# ay? dx_”d’ = cons
(Uy:iyo ,V.r:o
B-C
Loy = V,=finite:>gVT':o
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dv, _1 dp | _
dy —#d1y+C; with BC(2) 2 C, =0

dv, 1 dpr 1 dP 1
—_ D :) T z o -,
dy 7 ax y integrate =V, Z dr 3 ¥y + C,

using B-C ()  C, :‘71 %. %.,;

Sy,_1ap 1,
1>V, _de'—z(y —yH—V. ¥y B
Tyx
¥
Vx—b /‘ »
F S
ot yeo Vie= e omax
1 dprP
3meax - 3
2 ' —2pn dx Yo
Sy, = 1 dP

R A
_Z#dxyo[l (J’o)]

y
= Veme | 1 — (=—)?
[1-¢->]

, f’of Vidydz Q
3<anve>: —¥0.20

n (w ~a
j fdydz 4
- sJo

4- Q = de:fodﬂ:J‘,o V:mlx[ 1— (% )']dy ( perﬁnit Width)

— 1 d_PJ““ 2 z - 1 dP 4 ‘s
T T2uax) Y=y g
_—2 dP , 4
“3x dax "43V“"”’°
—me-x)‘-:
Q@ 3 2
anvl =m0 =— V¥V, m:x
< > 2 2. 3V

(Z)Byshell Balance :
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Tyxly

Momentum Balance : I, —Out +Y F?=Accum
(. fully dveloped)
p(VDI-,:M )OA yAzeconvective term
+ Ctyaly —7yely+4, JAx A z+—shear force term
+ (P| s —Pl+A: ) AyA z — pressure force term

= 2}2{:( “s.s)

D (tyly—Tylysts YAx Az+ (P, —Pl +8:)AyAz =0

+AxAyAz
= T.ul.v_f_nlﬂAx_*_ Pl +—Pls+As =0
Ay Ax
take limit Ax—0 Ay—0
dr,, dP _
':)dy + dx—o
Beacuse it. is a Newton’s fluid
p= dv,
rxr — lu dy
dt, &V, —dP
= dy ¥ dy* ~ dx
dpP av,
P TRr T
just the same the result By N-S Eq
Detail discusion: shell bafance
ax
. l z
2N N N - =¥



1 d'V _dP
vdy: dx
1 dP y?
:>V.-—# P 2+c1)’+C2 A)

B.C discusion

(1) 1f both plates are stationary
Ve= (Vadane [ 1—(Z )]
Ye

(2)Asufficient force is applied to the upper plate to maintain
a velocity Vo

(1)]2")'0 ’ Vx:o

B:C{
@y=3 , V.=V,
Substituting B+C into eq(A),We get C, ,C,
1 dP
:2—# Txyo’ + Ci(—30) +C:
1 dP
Vo:—Z—/; E‘yoz+cl(yo)+CZ
. Ve Ve 1 dp ,
Bum:Co=gs, 0 =g 5, ax ¥ ‘
_1 dP_, . Ve Vo 1 4P,
x_2,udxy+2yo“'+2 Z#dx‘vo

-1 4P e _yiy Yooy
—2#( FPRAS Lt )+-2(y..+l)

(3/1f the Lower plate is set in motion V = V,*
Dy =— 30 Vei=Vo*
B-C {
(2)y = yo V:=0

R Aeq. (A) Hiszft C. , C:

—Vo*

€= 2y
_V& 1 4P,
C: = 2 ﬁ —xyo



1 dP , 2
B i e el T e bt
=V 24 dz? 23,7 Yo
1 dP 2 2 Vo* y
=t (Y — 212
2,‘( dx)(y° y)+2( }'o)
(4)1f Both plate are moving
upper plate =V,
Lower plate =V¢

a. if the direction is the same.

Dy =— yo Ve =Vo*
B-C
(2) 3=y0 Ve =V,
K Aeq( A) Bisr g
C, :Vo — Vot
2)‘0
_Vo‘+Vo_ 1 4P :
€z =5 24 dz 0°
-1, _4ar 2 _g2yy T sy VotVe?
3V:—2p( dx)(}'o y )+2yo(V°+V° )+ 2

b. if the direction is reversed

(1)_}'—_——)’0 Ve :—Vo‘
B:-C :
2y = yo V.=V,

Cr =2 (Vo +Vo*)
2 Yo

Vo—Vo*
2

(5)( Power Low ) applied for Non-Newtowain fliud between par
allel plate

1 dP ¥
= s =—( —~— 2 __4y2 A *®
14 2#( dz (iyd—y )+yo (Vo+Vo*) +

MDy=xys ,V, =0
B-C
@y=0 y Tye =0



dr,. dp apr
—E == () D ru=(—)y+C
dy () 7=+ G

aprP
B-CQ2=C,=0>r,, = (—T) y
x
in Power Law fliud

dv. ., dp
r,,—m(—gy—) =( H)y

L_dV (_ap

1 VA
d_y—[; dx)yJ/

integral

— 1 —_dﬁ 1/m .
:)-—V,——J‘[’—n( dx)] Ve dy

[ L_dPof

—[;( dx)] fy/.dy

1 dP 'yl D
(22

14—
n
1 dpP__un n o+
=l —\{—-— » + C
[m( dx)] (n+1y/ 2 J
n 14
B‘C(U:}cz:— J‘o'

n+ 1
-+IA

1

i . S pea
3V,—[m( dx)J (n+l)y° [t (}'o)
(Vx)max at y = 0

w 4] -

QV; = (Vx)max l 1 - (l )—'—J
Yo

@ y x .
j f ondJ'dZ ZWJ‘ I_VI’ITII ( I‘y ) :ley
0 g, = ° Jo

bt Yo 2 .
I I dy dz Yo - w
0 Yo

% ¥y 41 y
= r) max - . d(—
(Vo) Jal 1 (yo) 1 (yo)

<Ve>=
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