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Fig 1. Boundary layer thickness
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Fig 2. Boundary layer thickness

1.3 Momentum thickness [3]
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Fig 3. Shear stress for fluid
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layer thickness, displacement thickness,
momentum thickness?} wall shear stress
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Fig 5.
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Calibration (CTRL+Z)

Load calibration image (optional)
Uptimize display
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2.2 Free stream velocity
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Table 1. Free stream velocity
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2.2 Boundary layer thickness
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2.3 Displacement thickness, Momentum thic
kness, Wall shear stress

A(23)~(25)0l ALBEIE o/ki olAPHMEIFO] B2
A HE 7te] #2jojmz, 10rpmoA+= 10pxQl
0.824mm, 30rpmojjAl= 15pxQl 1.236mm=zZ A
st AAte M8Ystect 67,0, ¢, S olArHE A}
u(i,j) stollAl AL m Al(23), (24), (25)5 ©]&
SHATE J2oM =29 A48 Ae B 384
Al A(27), (28)9] 2 AH&sHAT

ucuater} TAFE]A] oto oz of=o] ofsfo| o} £ =1.002%x 10" *Ns/m?, o= 998kg/m’ (27)
A7A%E §Eo0l & Uehdtin & & 9tk mepq V= /o= 1.004x 10" *n’/s (28)
of Al AN 2= 2= ohaLAr sttt 7t 10 rpm
AR 85 Table 20 LHERACE L lom) %8 196 294
8" [mm] 0.682 0.883 0.961
10 rpm 30 rpm
L [mm] 9.8 19.6 29.4 L [mm] 9.8 19.6 29.4
S [mm] 2.52 4.21 5.04 8 0.563 0.783 0.897
30 rpm . . =
L (mm] 98 196 294 Table 3. Displacement thickness (A 3&3%))
8 [mm] 2.63 3.94 5.25 Iohom
. . L [mm] 9.8 19.6 29.4
Table 2. Boundary layer thickness (A37h) 9 lom] 0163 0.269 0297
30 rpm
e e . L [mm] 9.8 19.6 29.4
£ £ ‘x 6 [mm] 0.135 0.298 0.327
'§ 0.005 % 0.005 X 0.0527942 |
3 T o Table 4. Momentum thickness (X&)
% 0.0;) 0.04 0.08 ¢ 3.702/0.03 0.04 0.05 0.06 10r pm
o b L [mm] 9.8 19.6 29.4
. { = e Ty [N/m) 0.0235 0.0139 0.0161
50.005 . 035‘; ggg; é 0.005 bl 30 rpm
£ P 4 L [mm] 9.8 19.6 29.4
) 0/ ) i 7, [N/m] 0.0567 0.0424 0.0271
0.02 003 004 0.05 0.06 0 0.02 0.04 0.06
u(y) [mis] u(y) [mis]

Fig 12. u,(y) (10rpm)

Table 5. Wall shear stress (A&7}



3. 10rpm, 30rpmof|A9] flow’} &&/YH

Q1A] +=9], Zt flowo|A] Drag force?} Drag

coefficient AAH0 < z < L)

3.1 ZF rpmof|A 9] flow SF/F/FFAA =29
A

21(29)01 412 DIRZHR| 2 flow?t 5R/QAR] HFel
Al gEsts 7IE2 2olex 49 ol oEd

|

E4 Flolsn 2= A0 Zol AN & 9
1, Al28)9 FAMASE ol 8shn, Uepd Y
ASIOI A o] Zo]7} 0.09mol L, E3t 7}
o|AY free stream ©o]&stH 2l(31), (32)
ol A2te] Aol 28 ARE & U, o

& laminar flow?] go
‘THTOﬂ OIEK*OE

]
oooat} Aro aloliz 22 7H4 Al(29)0] H=H

54T 2 4 goy

19F AA= L=9.8mm, 19.6mm, 29. 4mm0ﬂ/\1%
flow?} =209} v]23F 9FArS walct

sl

10° < Re, < 10° (laminar) (29)
10° < Re, (tubulent)
U,x
Re, = (30)
v

0.0455 x 0.09
o, = ————————=4078.69 (107pm 31
f1.004%x 1076 pm) 31)

0.2204 x 0.09
e, = ————————=19756.97 (307pm 32
L 1.004x 107 pm) - (32)

3.2 Drag coefficient

Drag force+ 7}X] BHHS o] 8350 AAE
2 9lth Al WHAlE wall shear stressS x9sFO
2 AESt= Zlol, &= Wal:= Momentum thick
nessd] 7jdg o]&3t: Zolck olF Aste
"o Al(33)o] UEFAQICE. E3$F, Drag coefficie
nt Cpe wA12F &A1 Aol Ad3g mAsH:=
SAIILE Al(34)3 o] FolEtt. E&F Drag fo
rce?] AlAF Wfyo] 27tAjolBnz, AL ELF 2
7HAl WRde o]&stod A & Qo A (35)d]
o2 LIERYQITE A1(35)2 OlAMMEIA u(ij) sto]

A ARS8 Al(36)a o] Mg 4~ o
CD:% (34)
1
2,oU wl
r
" wf t,(x)dx
Cp=+ Z” = : (35)
EPU wl E‘OU wl
n -,2 _ -,1
I AL LR
Cp="7= =1 ; (36)
5 PU'L

Al(26) ol-&sto] o] AHER w(i,j)stollA Zh2t
9] Drag forceZ AA5tYITE Drag force= i
o] A|AHEE ZtZF 9.8mm, 19.6mm, 29. 4mrn77}7\]
o] HoloA AAsIA T, width Wate] HAS
sto] AAbstgct €, St Drag forceZ 71]/;_}6}
+ "HHolA Zol ALt

10 rpm (L= 9.8mm) D/w [N/m) C
using 0 3.368 x 104 0.03327
using 7, 2.211x 104 0.02184
30 rpm (L= 9.8mm) D/w [N/m) C
using 6 65.447x 10 * 0.02755
using 7, 3.131x10 * 0.00132
10 rpm (L=19.6mm) | D/w [N/m] C
using 0 5.558 x 10”4 0.02745
using 7, 4.098 x 10 * 0.02023
30 rpm (L=19.6mm) | D/w [N/m] C
using @ 144.48 x 10 * 0.03125
using 7, 8.985x 10 * 0.00194
10 rpm (L= 29.4mm) D/w [N/m) C
using 64 6.137x10 4 0.02168
using 7, 5.571x 10 * 0.01968
30 rpm (L=29.4mm) | D/w [N/m] @5
using 6 158.512x 10" * 0.02387
using 7, 12.616 x 10~ * 0.00183

Table 6. Drag force & Drag coefficient (X337

4. u,(y)7} o]xAFE4A-S 7133511, Boundar
y layer thickness, displacement thicknes
s, momentum thickness®} wall shear stre
ss distribution, drag force®} drag coeffici
ent AN (788A2(v), x5 =t#(x), plate
Z10](L), Free stream velocity(U )9 &%)
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AR £&7F 0 A, y=489A49 4=
7b 0.9900]0joF st= Z(AMY] HolE st
y=09 &=7F Rl Aoz AAY), EF y=4
£L0] Wskego] 00] 7I7kjof stz O]@A 47}
Oojct. Al 7He] AAI=S olFA s, o]
BAZNE &oto] Aol u, (y)7F Al(38)o]t.

o
z7e A

u(0)=0, u(®)=U,u'(6)=0 (37)
u,(y) 2y 4P
i (—fg) (38)

stel 6,02 A 4 otk of ©f A(39)e] X%
2 olgsto] AA ANY 2 Atk EF 1,2
Aojol ojstol A(42)a Zol A & 1oy of
L A(18)mhe Zotob ek 7,0 SAl] Al(41)
oA 0=25/15% ChUSHA A(43)o] EHT 59 x
o WaReld Bo uRYHAS WS & ook
of UlEWHAS x=02 ©e] 57} 09 AAEIL
olgstel SIS TstW AuHoR A4 PL

y/8=p,dy=35dp (39)
: _1_2 _1
5 = 8’/()‘(1*2p+p Ydp = (1 3+1)a 36‘ (40)
eza‘f (1—2p+p*)(2p—p*)dp (41)
0

1
= 6[ (—p*+4p> —5p° +2p)dp= 25
A 15

du 2U0

Twall = #d—y o B (42)
. do

Twall — ,OUZE (18)

8dd= ﬂdac, 5=0(zx=0) (43)

_ [vx 5.48
o]F ThA] 2A(39), (40)ol tHYJsIH
ORI 2 2, U O] S
A= Al(45)~(47)0 YEFA.

*

6 =1.83

6=10.73 7 = Rer x (46)
2
t, = 0.370U, v _ 03700 (47)
x Re

_20_ 146 jvxr _ x
=7 LU Re, L (48)
2
D= pU*wh =0.730U0*w —xzwx (49)
U JRe,

5. PIV o]XtHE S Fafl 3t A

AL o] 85t L3t o|=Z, 2x} ThstAl
B £c2%E Iy 0}0“] T

=2y o2 99l 1

51 2x|s1MA o]iﬁ-&ZKl‘ OgA JH S=&
I 7MY stollA A2 o] 23
8,8,0,7,, D, CyS T 71X WS Eato] o]
Hog x U v, L we TAY 50

UERE 4 Qlck. ZH2hS Table 70 YERYQict &
£ 22j3F] YE= v|2shd Al49] xto]7t ok
ol 2R|F|MS o] R5to] Rt u, (y)7} 0] 20

A AR olARE A T3] FARRE FEfO7 =

o

=

o O ™1
stu =29 o]} 917] wiolt,
A5 A 2Rt u,(y) °]&
5 5o 00 5= 548
5 5o L7 5o 18
JRe, JRe,
0 g 0664 g 073
Re, JRe,
. _ 0.33200° 0.370U?
0.664p0 *w 0.730U°*
D D= Wﬁc D o x
1.33 z 146 x
Cp &= Re, L @ Re, L

Table 7. Theoretical values of various physi
cal quantities
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0|23k 5.19) Table 70] Ukt 22 ol 85
A4 A% UE, SAYASE AL 2
27).(28)2 ol 83t Asct olE o] gstol
2] rpmoll 4ol Re, = Al(50)2} 2ol Uekdct.
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©=1.002%x 10 N s/m’, o= 998kg/m" (27)
v=yu/p=1.004x10 %m?/s (28)

Re, = 45318.73x (107pm)
Re, =219521.91x (307pm)

5.3 ZF rpmol|A] 8,8, 6,7,9] H]a
Al RdollA 35t 6,67,0,7,9 Ak} o] 24
2 x-directiond] @& 6,6,6,7,° Ine

o] Fi

lo

ofm

st Al 7FA] valueE H|wo|EQFI,
16~230] LtEFWCE.

6 18

o

Boundary thickness(s) [mm]

Displacement thickness(s") [mm]

0 5 10 B 20 2 30 35 40 0 5 10 16 0 2 30 35
x-direction [mm] x-direction [mm]

H] 2 (10rpm)

17. & vl (10rpm)

5.4 D, Cp 9] "] (each rpm, each 1)

10 rpm D/w [N/m) @
using 6 3.368x 1074 0.03327
using 7, 22111074 0.02184
X501 A 6.379x 10 * 0.06301
2Rt u (y) °] & 7.014 %10 * 0.06928

30 rpm D/w [N/m) Cp
using 6 65.447 x 10 * 0.02755
using r,, 3.131x 1074 0.00132
2R|50A 68.014x 10 4 0.02863
2AF u, (y) o] & 74774 x 1074 0.03148

Table 7. Drag, Drag coefficient H]nl(L=9.8mm)

10 rpm D/w [N/m) Cp
using 8 5.558 x 10 * 0.02745
using z, 4.098x 1074 0.02023
R]oi A 9.022 x 10~ 4 0.04456
27 u (y) O] & 9.919x 10 ¢ 0.04899
30 rpm D/w [N/m) o
using 6 144.48 x 10~ 4 0.03125
using r,, 8.985x 10" * 0.00194
R[5 A 96.187x 10 * 0.02077
2AF u, (y) o] & 105.747 x 10~ 4 0.02287

Table 8. Drag, Drag coefficient H]nl(Z=19.6mm)

; 10 rpm D/w [N/m] Cp
using 6 6.137x 10 * 0.02168
2" using 5.571x 104 0.01968
) 2 R|5A 11.049x 10~ * 0.03771
PER e T 27t u (y) O & 12.148x10_* 0.04142
Fig 18. ¢ "]li (10rpm) Fig 19. 7, "] (10rpm) 30‘ rpm D/w_(N/m] o
using 8 158.512x 10 * 0.02387
. g y using 7, 12,616 x10~* 0.00183
* Est = 2 R|5A 117.804 x 10~ 0.01712
g 1 i . il 2Z} u (y) ] & 129.513% 10 0.01882
~
5, LA Table 9. Drag, Drag coefficient H]i(Z=29.4mm)
- §l /
= 5.5 Al@gt/oleol e o &
x-direction [mm] x-direction [mm] D‘jK1 g%‘%}:;’_} o ‘_%}:O] q% O]_IQI_% _I:'__ 7]_7:]§
Fig 20. 0 vl (30rpm) Fig 21. 6" Wl (30rom) b 2 9ick. A wiAls PIVE A19sHe whgoly
v i Fede wASke WA A 5 QAfo|IH
B il = WA= Navier-Stokes equationsg £X|siA]
g — Eoe - ) -
T i Mog F= A HR WHo|Y 22 S gEE 0]
/* gsto] olgAlo=w ALltstes & WA wilo] &A
el sPI Aglo] Aale AYd 4 Qe @2 <stol
e e s s v e A7 &lolgt EXjEtt £ 71A]E w2 Adgstun
x-direction [mm] x-direction [mm]
. . A} gio}.
Fig 22. 6 8] (30rpm) Fig 23. r, 8|2 (30rpm)
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el ool §AIS) AR 71y stolA ol &
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ojt]| mtM AL u, (y)Q] TAlolrt.
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velocity distibution
tangentline
—secant ine
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o 0.2 04 06 08 1 1.2 14 1.6 18 2
y-direction [mm]

Fig 24. 7,9 Q&} 0] 49
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Zoh) wep oliMEAel iAol He 2
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e WEE 4 9k,
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D, Cy2 AN o2y Ul 2 expt wy
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of. EQF oPVEAIS] o] R = fISHA 9E o] &5t
Y B 2 A i}‘ﬂ%*
Atk ol ¢ EIF QAL WASHAIRF Fig 24
ddol Asl 7,004 HE B2 AP} ‘ﬂe”c‘iﬁ}
7] w2olct.

3t Boundary thickness?} ROIQ] F7]of H]
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st Drag force=

© 4

Adiz 72ed=d £ Qe A Interrogation
Zro 2t Boundary layer?] 737
MR &EWE 5107718 4g 4 99t o]z
QISHAl o] AHHIEIFZ o] &3k A(23), (24)5 &5t
8,05 Alitstes WA E QAP dAjSt. A
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5.6 A%l oo
0.0455m/s, 0.2204m/s9] free stream velocity

S 2t fAY 6.8%.0.7,.D. Cp0 AR} o]
e 44 vuslE & AJG. AZ9]  free

stream velocity, =e]lgotct A&t o] 23]
Atols WA £ At Aoz x(FTO] A

%
SpREle] A2t B7kol @b 667071 57
st Aol AYHE AT & AYD. 1,0 A

A
A dastes 48e gIg 4 A, olst
?AES T35t} Boundary layer9] o] we
= A #EE & ddth

5.7 A3t free stream velocity =9]

Fig 16~235 E%¥ 10rpmo| 30rpm®2rt} ©-& o]
S A™EyY Aot A AS WEAE 4~
o}, 8|5 10rpm® UR7} gols= 271 1000E
t} A2t o]= 10rpmo] 30rpmof H|35 1/4u}
A2 free stream velocityS 7FA]7] mj#ol2tal
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2 AlFoA T2 free stream velocity2 A&
S Zg¥stotd At free stream velocity 2 A
L 7o 1/4-law 139} Fols= 22 ZA
of nasfjof & Zloltt. 1/4-law®t PIV 7]H-S A3
L & 13 free stream velocity7}
ojt o] I H& ¥ FAS {50l
ot WA o= 4 Jeng, AT
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ESt 0.0455m/s(10rpmoj|41Q] free stream velo
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