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JPreviously,
> Fluid statics: "3 X[|'3l A= 70| 2t 25t="2, &= S0 CHO 2 THZ QUACE
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JFluid may ‘flow’.
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A7M 7S (fluid flow)Of| Al AN T2

| I (density, p)2F & & (viscosity, 1)
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Reynolds &2 &
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Laminar flow
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Turbulent flow
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Turbulent flow (observed with an electric spark)

https://en.wikipedia.org/wiki/Osborne_Reynolds
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Reynolds number

https://en.wikipedia.org/wiki/Reynolds_number
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5 T Ao A HS (HZ THHK)

Vector @l velocity (velocity of fluid)= A|ZtO]| L2} B 2FX|= field variableO| T},
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Velocity, V.
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Newtonian fluid

oy VoIOCHY, V. = LHY (velocity gradient), =
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Upper plate

fluid

lower plate

(2. 72 ST HE (convective momentum transter) 3¢ ez state |
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(Couette flowO]| A7) Eg N

Tox(Z + D7) =15, (Z) _ dig ) Let’s integrate 222 = — &
m = = d n
AZ—0 Az dz
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Let’s set, T,y = (3 Slide #14, Newtonian Fluid
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Recap and physical interpretation
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Fluid flowing between two parallel (and static) plates

lower plate
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Fluid flowing between two parallel (and static) plates
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WYE T Y ALOIS §H AS (H= )

Vector @l velocity (velocity of fluid)= A|ZtO]| L2} B 2FX|= field variableO| T},

1 ZSPSES
! t<0 FA
i s A= .
Y t=0 HH O

T T O
i NES

— | Transient region

i H| g o e El
v 0 QEOMZE
l gradient &8 |
f B AHALEN
Y >0 o=k Fully developed steady state

! gradient &g

3/5/19



Al

Ol
o

(

0
o

M| A

o
1T

j

(=)

©

SX| &
Al

t ALO]
[7ER], FH O & &=l 39| 2K H
t<0

o

C THI11

=

=

zl

X~
o

EHOf| CFCF

Al
X AFAL
oo o

Fully developed steady state

[
o
oY)
e
=
Q
(V)]
c
©
T
0
) <&
[ \ S —
md
s T s
N <0~ L o8
KIo OH & .M.omol_ .._A.oug__w_
WH__.._.A .__Ano_n.v_.__w_._-_ .._Anw_._.._
OF T+ o 90 K~ 50
o
A
2 R =
— S \/
> > “— > > —»




;AN

" (control volume)
A A
= O

-

> (Moment rate transferred in)
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-(Moment rate transferred out)
+(body force applied)=0
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1 ] - - ___: VA
ﬁ __________________________________ *—__> y AY k\
(Moment rate transferred in) X

-(Moment rate transferred out)
+(body force applied)=0

AYAZ + 1,
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AX AZ AX 0
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Mo E IHOo © & 2F ATIAL
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_— . | B )
— e B et S N SR
N —— > AX
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(Moment rate transferred in)
-(Moment rate transferred out)
+(body force applied)=0

pvilx — pvxlx+ax N Toxlz — Tzxlz4nz N Plx — Plx+ax — 0
AX AZ AX
¥
- With AX - 0and AZ - 0,
ol & 2 X 0f| A,
velocity(vx)E Toxlz = Taxlz+az N Plx — Plx+ax —0
7= O Z 0 HFRICF AZ AX

AT,y
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Couette flow@} H| 1
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x L 277 1 viscosity of the fluid
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Z

z2=—0 z=0 z=l—l—6

$2 v, (2)E 2 5 AX[0f T2t F2tEIC,
IO, BE 952

— = Tt -6~ + 6 = AIO| & S1tot= FMel £
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S5t 7 A2l StEE e = UL ENISHe O Ko = E S TSt 2 OIL}
+6 +8 AP
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-5 -5 U
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4 25 5 =5 (67 -50%) > B =367 | | %= 00
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AP _
Ty = — &2 WA 0|S &5

3Ln

> B HAE 78 5k Thel AlZHY S0t5kE
V=0 (average volume flow rate) (0| = 3l=) 842 H o]
M=V.p Ui M FE SR Ct2| A|ZHE ED}SH=

(average volume flow rate) (O] S38t=) QKo &2t
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I A
Z 7 = 4—6; Egj 7(l ﬁzJ 7("52_ L Eii'p
I s
z=0 .
X v, follows from the air flow
z=-0
@| Ofelf HWHk A0l M 7| & E —
v, follows from the electric field
v, 5= ot et dv, —e-E J dy. = t—e- Edt
—exE =mxa, | —e: MAIC| TSI dt m ‘ o

E, = mXa ra =

z Z —E'E dvz _e'E dv __e.Edt __e'E
F . (Char e)xE a, = — P a, = I = — z m v, = - -t

z — g —

&
dz dz —e-E p —e-E jzd ft—e-E  de
v, = — > = — = — . > — . > Z = .
2o dt V2 = de m ‘ z m tdt 8 o m
=
5= —eEt? . 2m(z —96) \/
zZ2—0= m B —eE

With z = —§, t becomes the time required for this dust to be collected. et HX7F SO 2 Ol5e = e AHEl=

withz = —8,t = [0 | | w2k, BX|7} /@ AZtolz FTE S 4 ALt U
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p= e e W= )
3 eE 5 eE 3 eE eE 5 eE eE
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3 eE 5 eE 3 eE 5 eE
1 1
12 = (1_1)4 ZA_P(@)Z 12 = (i) 55/2 A_P(ﬁ)z
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(t) APjt(A’t2 B't*)dt
x(t) =— —
Ln J,

AP g AP 5
x(t) =—A’j tzdt——B’J tidt
Ln 0 Ln 0

In \ 3 5
3v, AP 3 H 1
— = = 1200 [—]
62 Lnp ) 0.052 [m?] ms
0.05 [m?

t5

x(£) = 1200 Lis]

40 ?] a_ 00003125 [m ]

x(t) = 1200

(O .05 [m]

A’—leE(S
“2m

leE A’

4méd

0 E‘ " — = 0.05 [SEZ]

() =2i(3) -

1
_ 0. 05
~ 160

0.05 [m? 1
s210.05 [m]

4 0.05 [52]

&

m
— 0.0000625 |—|¢°
S

x(t) =05 [?3] t3 —0.075 [525] t>
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G| X[ 2.2

m s?] e PRy [m
eE m|  m O sz
& = 0.05 [m]

AP m
T — 2= —
x 3L176 [s]

—eFEt?
2m

z(t) =6+

my t?
z(t) = 0.05 [m] — 0.05 [s_z] x—

2(t = 2) = 0.05 [m] — 0.05 522] X

22[S2]
2

= —0.05 [m]

x(t) = 0.5 [?3] t3 —0.075 [?5] -

x(t=2)=05 [533] 23[s%] — 0.075 [SES] 25[s5] = 1.6 [sec]

AmS |7t 0| RIK| = 4%0.05 -
HX| 7}t v AlZtol= & ZEIE o X| 7} zos[n[f]n]=2[]*|-7_*0|—?-ﬂ7ﬁ_'%!
05|
0.050 16 0.050
0.6
0.8
0.025 A 0 12 4 ~+0025
0 12 n
5 5
2 0.000 - 14 | £ 08 { — x positions ~+0.000
§ 16 a — Z positions
=
-0.025 A 1s 04 1 -0.025
-0.050 l l . 20 po L4 . . : L —0.050
0.0 0.4 08 12 16 0.0 05 10 15 20
X positions tme [sec]
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EADHY MM S AHOIK:
http://www.posco.co.kr/homepage/docs/kor5/html/product/exper/s91c5000103p.html

O| 5214, Bird, Stewart, Lightfoot (O| X = <)
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Convective momentum

Viscous momentum |+~ 7 e

-
-
LS
-
-
~----
L.
-
-~
-
-

-~
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AAHH 28 QK| - 23 profile H S}

SX| &
Al

> Transient region
H|E & Bl -

sticky condition2]
et =2 ¢ /

S SEN

M = Fully developed steady state
gradient &
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S S| X4

(Momentum rate transferred in)
-(Momentum rate transferred out)

+(body force applied)=0

Body force applied
=m-g-cosf
=p- - (AXAYAZ)-g-cosf

. : ot +z 3O
(Viscous momentum rate transferred in) +xHisto 2
=~ )-AX - Ay 838l
z=Z+AZ x_l El_g 24
L-_L- O T

(Viscous Momentum rate transferred out)
= (-~ | )-nx-ay
z=7Z

(Convective Momentum rate in/out)

+v,§| )=O
X+AX X

= p-AYAZ - (—v,?

(Momentum rate transferred in)-(Momentum rate transferred out)+(body force applied) = 0

> (~Tux o ony T T Z=Z) AXAY + p - (AXAYAZ) - g - cos 8 = 0
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ATz
az T PICOSE N
Integrate
T2x(2)
Use the Newtonian fluid rule and integrate
Uy (2)
dv,
-1 E —NéEzx
0 5
dfzx = j (pg cos B) dz At z = §, free surface, thus 7,,(z = 6) =0

[@5_—‘_@> 0— 1T, = pgcosP (6 —z) “lLeadsto | 1,.(2) = pgcosf (z — &)
dv, pgcosf (z—6)
m@ T,(z) =pgcosB(z—06) = N [@s_fo> — dz = dv,

U]

pg cos,B (z—-9) At z = 0, v, = 0 (sticky condition)

Leads to pgcosﬁ( z —52)

Ux
dz=f dv,
0

‘Leads to f
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dv
Wx@) _ 0| 5=, 727 T,.(2) = pgcosf (z—6) = —Ud—zx

dz

2= x=1 z=06 < IIf v, (2) 7F maximum v (z=08) = wé‘Z
vx(2)
PICOSE T,x(2) = pg cos B (z — 6)
2n
T4x(2)
- 4
7 z=0 z=0
z=0 z=4 z=120 >

Ty = —pgcospP -6

S e T T T
N
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W 6 coS
Jo J, vx(@)dzdy [@S__@ fo fo szn B (26 — z)zdz dy
x W 6 Vy =
12 dz dy * [ 8dy
cosff w 53 cosP (263
pgzn ﬁfo [53 ?] dy ] pQZn ﬁ( . )W
Leadsto Tx T Leadsto - x W
: pgcosP (52
X — n 3
5 = 2 max(vy)
7, = =max(vy
max(v,) = pgcosh 52 2
X 21’
_ pgcosp (W53
i V5. A B MY RY 4L
— x (average volume flow rate)
p— p2gcosp <W63>
x — Gi=T s HE N QT
(average volume flow rate)
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2= X A Lo =& nf & Q=0 2| | &=
‘I Ol_l-L—g_l-l—Q'_rlzl_l |_|' X‘ITO
Previously o
Convective @9 ./
momentum
R
P 0
Y
Z, Viscous .
: momentum -
1.1 jaz
y AY > :
\ AX :
L E
X :
_ r,0,z) =(R,0,Z =
Cartesian Z—Z__ ( )= ) P|
coordinate r{c'R" T 246z | - R
system N c oo P - -
r w
Cylindrical > = O S| A %
coordinate [= 7|T'—_—E 9' il I:H (=)
system

Zhenhu PDC Hydraulic CO.,LTD

http://korean.pistonhydraulicoump.com/sale-3449946-a4vso-125-180-250-axial-piston-rexroth-hydraulic-pumps.html
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—_—

od T = H OF e @) X AI
et o] 81t 2 F =0 oot 74 752 [ 1

47 ¢l

(Momentum rate transferred in)

Convective
momentum @9/ -(Momentum rate transferred out)

p | +(body force applied)=0 (Viscous momentum rate transferred in)
z

Zy Body force applied = (1,,
e =m-g=p-g-V =
)t 2=1 |=p (R IS RE - 9T a5 2
, | = pg{m(R + AR)?>AZ — nR?AZ}
o 1
Viscous : : ! = pgr{(R + AR)? — RZ}%Z
momentum :A’ : A\VA = pgn(2-R - AR + (AR)*)AZ
! - R ~ 2pgm- R-AR-AZ - RAR > (AR)?
| E !
J - - -—-- J (Viscous Momentum rate transferred out)
(.. Y z=7+A = {t,;, - 21(R + AR) - AZ} |r=R+AR ~ (T, 2nR-AZY|
E : (Convective Momentum rate in/out due to velocity
P | —> — (1,2 ) 2 _ p2
Z1AZ AR (vZ P p) m{(R + AR)* — R“} > 0
[(R )| —@®- 1) AR] 2mAZ + pg - 21R - AR - AZ + (P - Z=2+AZ) 27R - AR = 0
1 -z —P|,= R
Divide by (2ARAZ) (R 7,) R _R+AR] =+ PgR + (Ple=z - ;Z‘“AZ) =0
(Convective Momentum rate in/out due to ext. P gradient)
aEz?/:z:ieathel - M + pgR — Rd—P =0 = (P —P ) {(R + AR)? — R?}
limi PR dR dz B z=Z z=z+az)
=(p =P Z+AZ) (2R - AR + (AR)?)
zZ= zZ=
3/5/19 ~ (P - P | )n(ZR -AR)
z=Z z=Z+AZ




Trz(R)

AR ) o RlP ommmo ez oz || SIJENON P7L = Y=
won d% HoERER T Ay My T (5 L= 22
R Eas anl 7fI*OP”4...
d(R Trz) d(RT ) AP
R+R— = rz —
dR gR+R--=0 R <9+L)R APy R?
R-1p, = (pg+—)—+(51
L/ 2
AtR =0,7,,=0 = AR G
\/ ti=0"17;= trz = (pg +T>§+ R C; should be zero,
otherwise 7,., =& ©

atR =20
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(pg + %) (6% — R?)

Trz

vz(R)

AP
L

pg +

7'-‘I"Z £R )

R=+6

?

=
-

Maximum v,

)7

=(pg+

v,(R = 0)




Double integral in Cylindrical system

2T T 1
j j RdR d6 = — 1227 = 72
0 0 2

jo Zn fo rf(R, 0)RdR d




2T
1721T62=j j v, R-dR df
0 0

Z, max

SRAN S Lm0l HE o SA
ZAS NI BF S& 5, 78 4 ULt
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2m pg+ (62—R2)
v,m8% = jj R-dR db

v,m8% =

AP
D) e ma

AP
_ 2_(P9+T) oo 5
v,md = 0“R — R> dR d@
0

(pg +¥)j2n5262 54
0

= 2 ——
v,md* = I > 2 dé
AP AP
o, _leg+T) (st \_(pg+T)mo"
V6% = P i 8
AP
) (o)




| g St o) n
EIO%ES%O" Ef 2o —.(;&' 73%'7?#22 Exlfopl ST 752 (Re= 2100) SPEHOI[ A =T 2k LHOI| M 2+ RB-H| 2] Z|CY
zlol 25°c0 X 0.08m o HBS 717 Ho $E2 M7= A,
HSYUUM 7|5, = K S7(2 5= 5.Dp 7
e ™Mo 2 12510l 2 X} Re = 2100 = xn > P = 2100~
p
(Data  viscosity [Pa - 5] density [% Oil: X
_ _ m dr 552 g8t 249
Qoil 08 888 = 2100 g = 2365 | 2 Ljof 0% Re 42
T
COWater  8.57x107* 997 Water: S0l Chsh, ;H|%§ 52,
8.57x10~* m
. -5 1) — _— = —_—
DAir 1.85%10 1.177 Uy = 2100 5oa=sg7 = 0.0226 [S] 12 E™E (kinematic
Air: viscosity) E= vE H7|
1.85x (TH2: stoke = cm?/s)
0y = 2100— —
x 0.08x1177 0412 [ ]
At RT,
0.08m 2l Z 0| £ To|Zofl B APY - - 712 9.01x107+
£ 0.0226 22 27| 2ITH A 5 = " T) 0 AP _ v8n = _ym?
T N z M I 52 = 8.60x107" —
oIS 25l 2 AL 81 S
37| 1.57x1075 %
m S
AP 8x%0.0226 [S]n
T " 0.04x0.04[m2] 137 [m s]
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