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Abstract

An experiment in a wind tunnel was designed and performed to evaluate the effects of boundary
layer on the speed of the flow. A lead refill of a mechanical pencil was placed on top of a metal sheet
inside the wind tunnel with the main flow flew over the lead refill. The measurement was on the value
of the main flow velocity at the moment when the lead refill was blown away from the stationary
status (hence the driving velocity). The driving velocity was measured with different horizontal
locations as well as heights of the lead refill in the wind tunnel. The results showed that at the end
portion of the wind tunnel, the driving velocity decreased exponentially to the height of the lead refill.
Thus, it was concluded that the velocity of the flow within the boundary layer increased exponentially
to the height. The figure of the resultant velocity gradient was consistent with the literature. The result
of this study also indicated that the decrease on the driving velocity while increasing the height would
be larger when the diameter of the lead refill was smaller. The measurement was not as expected
when the height of the lead refill was higher than the middle point of the wind tunnel height. The
expected reason was that the metal sheets or blocks used as the support of the lead refill had an impac
on the flow velocity in the boundary layer. The said impact of the metal blocks on the flow velocity
was investigated with placing parallel metal bars (ie. ribs) at the bottom surface of the channel. The
effects of the ribs could be observed with the movement of the lead refill which was induced by the
impacted flow. The result showed that the driving velocity was quite different at different locations.
This indicated that instead of increasing in velocity, the secondary flow induced by the ribs was
turbulent.
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1 20 mm 6 mm 0.3 mm 2B 2.0 mm
2 20 mm 6 mm 1.5mm 2B 0.9 mm
3 20 mm 6 mm 3.0 mm 2B 0.5 mm
4 20 mm 6 mm 4.5 mm HB 0.3 mm
5 20 mm 6 mm 6.0 mm HB 0.5 mm
6 20 mm 6 mm 10.0 mm HB 0.7 mm
7 20 mm 6 mm 15.0 mm

8 20 mm 6 mm 20.0 mm

9 20 mm 6 mm 25.0 mm
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(—) HB-0.3 mmZ S EEL 2.5 A RIEA/NEVHE (BiRIER 3 cm) THETHER -
(2) EEF SR/ NEVEE F 2 Al /K AL E - W5 S Ry 0.3 mmiy<ef@iishs - HIH
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A ECERE AR -
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AU HEmm) | BB (kmbr) | CFIEERENER (km/hr) | FRERE (km/hr)
0.3 53.0 | 534 | 54.0 | 553 53.9 1.0
1.5 45.8 | 46.2 | 48.8 | 49.2 47.5 1.7
2B 2.0 3.0 438 | 453 | 45.8 | 46.2 45.3 1.1
6.0 38.8 | 39.2 | 41.3 | 42.3 40.4 1.7
10.0 36.6 | 38.8 | 39.0 | 39.7 38.5 1.3
15.0 36.4 | 37.9 | 38.1 | 39.0 37.9 1.1
0.3 57.1 | 57.5 | 57.5 | 58.0 57.5 0.4
1.5 47.0 | 47.9 | 504 | 50.4 48.9 1.7
3.0 43.6 | 43.9 | 44.1 | 44.6 44.1 0.4
2809 6.0 40.3 | 40.8 | 42.8 | 43.8 41.9 1.7
10.0 36.8 | 37.7 | 37.9 | 40.8 38.3 1.7
15.0 36.8 | 36.8 | 39.2 | 394 38.1 1.4
0.3 53.1 | 54.8 | 55.2 | 554 54.6 1.0
1.5 39.3 | 39.5 | 41.0 | 42.6 40.6 1.5
2B 0.5 3.0 33.4 | 342 | 35.1 | 355 34.6 0.9
6.0 28.6 1 29.0 | 294 | 31.2 29.6 1.1
10.0 277 12777 1 286 | 299 28.5 1.0
15.0 2421260 | 275 | 27.8 264 1.7
0.3 45.5 | 46.4 | 47.4 | 49.2 46.4 1.0
1.5 355 | 36.2 | 38.1 | 38.6 37.1 1.5
HB 0.7 3.0 32.6 | 33.8 | 349 | 35.0 34.1 1.1
6.0 30.1 | 304 | 31.6 | 329 31.3 1.3
10.0 206 | 28.0 | 28.3 | 29.5 28.1 1.2
15.0 26.1 | 27.5 | 28.1 | 28.5 27.6 1.1
0.3 519 | 53.0 | 542 | 553 53.6 1.5
1.5 36.1 | 36.8 | 38.3 | 38.3 37.4 1.1
HB 0.5 3.0 324 | 32.7 | 33.0 | 34.2 32.7 0.8
6.0 28.3 | 28.7 | 29.4 | 30.5 29.2 1.0
10.0 204 | 28.7 | 28.7 | 30.2 28.5 1.6
15.0 253 12551212 (215 264 1.1
0.3 472 | 483 | 48.8 | 514 48.9 1.8
1.5 36.7 | 37.6 | 39.5 | 40.8 38.7 1.8
HB 03 3.0 32.5 | 32.5 | 337 | 354 33.5 1.4
6.0 27.7 1 287 | 29.2 | 30.4 29.0 1.1
10.0 242 1246 | 25.1 | 27.2 25.3 1.3
15.0 21.8 1223 | 240 | 24.0 23.0 1.1
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=N (mm) S (mm)
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LR %20V = 48.762h700% HEEAAR A %2V = 50.48h 70110
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S (mm) S (mm)
(e)E & 0.5 mmiy HB &1 (NEL 0.3 mmiy HB &5
AR 720V = 41.518R7017° HEELAR R %V = 40.236h7 0194
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= RARERS N S AHEESFRE - SRFETERENER V IS h 224y - thlisiR
ZRABRA R V=AN" » Ty Al a BEE > RBESHBERZ aHOERS -

ERHIR a: a: as a4 SHEE AR
2B-2.0 0.102 0.092 0.094 0.094 0.096 0.004
2B-0.9 0.117 0.117 0.108 0.100 0.111 0.008
2B-0.5 0.198 0.194 0.186 0.180 0.190 0.008
HB-0.7 0.144 0.136 0.139 0.140 0.140 0.003
HB-0.5 0.185 0.180 0.178 0.173 0.179 0.005
HB-0.3 0.197 0.197 0.189 0.193 0.194 0.004

% 3 JHEREE BRI A V=AY o E

0~ 5% 2 o LIRS AR HigRuR T - R U B 2 FEEE(h)FISEEh 2R (V) 77 51
HUEE# > S log(V)Ed log(h)Z B8 (A& - 41 6 Fror o (&1 aTE H log (V)R log(h)= &1
5 > HRER Ry Z B A V=AR R Z-a -

1.9
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A2B-2.0 2B-0.9 #2B-0.5
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Log(h)

AHB-0.7 ®HB-0.5 ®HB-0.3

6 * 2B H1 HB FE.Z log(V)-log(h)= & 4H [
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[FiE N gy 2 BB R > HIEGERAR 4 PR -

mrEmm)|  EEEEE (ki) | EEEEbEE (mihn)|  fmeE
0.3 65.8 | 71.7 | 74.1 | 74.3 715 4.0
1.5 430 | 455 | 50.7 | 51.2 47.6 4.0
45 275 | 275 | 28.8 | 31.2 28.8 1.7
6.0 26.6 | 27.5 | 28.4 | 28.8 27.8 1.0
10.0 23.1 | 243 | 26.8 | 27.5 254 2.1
11.5 255 | 26.8 | 26.8 | 27.2 26.6 0.7
13.0 23.1 | 26.2 | 26.4 | 26.8 25.6 1.7
15.0 23.8 | 25.1 | 26.0 | 26.4 25.3 1.2

(8) INEAERIRALE (REEEs BRI 8 A5 )

mrEmm)|  EEEEE (kmihr) | EEEEbEE (mihn)|  fmee
0.3 83.2 | 83.2 | 839 | 84.9 83.8 0.8
1.5 457 | 45.7 | 46.6 | 47.7 46.4 1.0
45 36.6 | 37.7 | 39.3 | 40.8 38.6 1.8
6.0 26.8 | 279 | 28.8 | 29.0 28.1 1.0
10.0 249 | 255 | 25.7 | 26.8 25.7 0.8
11.5 19.0 | 19.2 | 195 | 19.9 19.4 0.4
13.0 209 | 209 | 21.2 | 21.7 21.2 0.4
15.0 20.7 | 214 | 214 | 21.6 21.3 0.4

(b) /NEHE IR (B R E )

mrEmm)|  EEEEE (km/hr) RN (mihn)|  fme
0.3 548 | 56.6 | 57.7 | 58.4 56.9 1.6
15 33,5 | 338 | 34.2 | 35.1 34.2 0.7
45 246 | 249 | 253 | 25.3 25.0 0.3
6.0 240 | 243 | 248 | 25.1 24.6 0.5
10.0 234 | 244 | 244 | 24.6 24.2 0.5
11.5 21.2 | 21.6 | 22.7 | 23.6 22.3 1.1
13.0 20.3 | 205 | 21.8 | 225 21.3 1.1
15.0 175 | 17.7 | 18.1 | 18.3 17.9 0.4

(©) NEVHERIRAE (RS BRI 10 A7)
% 41 HIE HB 0.3 mmaE te R I B ALK TR e B gyiens
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 /NECREE EHYE Ry 3357 0 Sy IMERUEE Z Al ~ PORARIGHILE - LR
0.3 mmZ# 15.0 mmikFHYBEE) AR (A 41[E 8 Frr - HilE T HY a~ b~ ¢ =[E [ E w2
FERCIHE HIAG ~ R ERG - #EREABORHERE R - fhaptE Ll - FAHAR
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% 400
= 40
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(PEERvE STE G 8 N0 ) - HEA4REIAV = 49.980R70278
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- g

EEEh (mm)

(b) BURE IR (B ETRAE) - MHAMIEV = 55.522h703%

90.0
80.0
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<
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@
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(c) EURERn{L &
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NS Eh (mm)

(PEEEv STE RN 10 A7) - iE4RRIAAV = 39.893h702¢1
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J\ i 0.3 mm FEEAE/NECEE R ~ ORI E S HEIR(FE - SR CHREIERR V
M TEE h Z#EeR > SRS EBSR Y o B3 5 MIE 9 Frors - ERCEE 1941
SRRBEARTN V=AR Z o (EAEROR - MRHRALER o HEV) -

i% ar | a| as | a | | e (:ZZ 0361
0.340
Al [0.27410.276/0.283/0.280] 0.278 | 0.004 032 Al
z o i
° 0.300 o
o 10.36810.363(0.363(0.362 0.364 | 0.003 09580 0.278 L Rediy
’ = 0.261
0.260 a8
#im 10.262(0.265/0.259(0.257| 0.261 | 0.004 0.240

x5 AERVAE R « PRARIGLE > & 8 9 0 OAERUEE R » PR (L B
HESBRE R V=A " Z a H i a2

JU 5 HB-0.3 mm S ELE A NERE IR ALK TR (REREST BRI 8 A% » MR
TR I T BB BB+ LRGSO 6 -

FUEE (mm)|  BEHIEE kmhr) | CFEEEEHEEER (km/hr) fEE=
0.3 46.6 | 47.7 | 49.9 | 54.6 49.7 3.5
1.5 28.4 1 32.0 | 34.6 | 35.7 32.7 3.2
3.0 27.0 (279 |32.0 | 33.1 30.0 3.0
6.0 23.6 | 24.0 | 25.3 | 25.7 24.7 1.0
10.0 23.6124.0 | 24.4 | 24.6 24.2 0.4
15.0 21.6 | 21.6 | 22.5 | 22.7 22.1 0.6
20.0 20.1 | 21.8 | 22.1 | 22.5 21.6 1.1
23.0 1551160 | 16.8 | 17.1 16.4 0.7
25.0 126 [ 155 | 17.1 | 17.2 15.6 2.1
26.5 160 | 16.8 | 18.1 | 18.3 17.3 1.1
28.0 19.9 | 20.1 | 20.1 | 20.7 20.2 0.3
29.5 31.2 1 32.9 | 33.5 | 34.0 32.9 1.2

7 6 HB-0.3 mm SEe e/ NECH'E o FJECER = TR 2 Be B R
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T+~ R R 3R THYECEE 3 p BN RIE S SECAE N - EPEE U E A R 2 SRS R
DI @ERZR - O E B EUR B TH s BB 2R > DUd BB » AEl

10 A7 »

0 2 4 6 8 10 12 14 16
N A TH T PEEE (mm)

© S T P SR E TR A A

B 10 : SEEAEREUFE T FEb RS IR 2 S - DEEENRT § TR
& b EPRETEE R [FRE S SEEER - LU G E R

T EREUEE (BRER S cm) PP ERE HB-0.3 mmIt » £ FEFE L
&N G Ae g HIEURE 2 SRR R - MRS CBEE R - FHEHEE CESER 0.3
mm 5 Z BREN AR > BIEHAERNFEARRE T > ERZ2 S8R IERE LS

JE8EE - HerpsENEERNE 7R -

=& (mm) ERE)ZEA (km/hr) SEHEREN A (km/hr) AR
1.5 1125 | 1148 | 1156 | 1173 115.1 2.0
3.0 95.2 96.8 99.5 100.9 98.1 2.6
4.5 90.3 91.7 94.3 94.1 92.8 2.1
6.0 1.6 83.2 83.7 86.8 83.8 2.2
10.0 75.3 76.9 78.4 81.4 78.0 2.6
15.0 65.5 66.5 68.3 72.4 68.2 3.0
20.0 63.8 64.2 64.0 69.2 65.3 2.6
25.0 60.7 62.5 64.8 67.9 64.0 3.1

7 1 & HB 0.3 mmE AL KRS A 5] §n H & Ry 2 e B 2R
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FVERBEE TS - SR 1.5 mmZE 25.0 mmiEHYEEENHERRE 440 11 Fr
o HRAREL NECEE HY B BRdl SRR -

120.0
110.0
100.0 §

90.0 i

80.0 §

::Z i .............. § .............. §

50.0
0.0 5.0 10.0 15.0 20.0 25.0 30.0

£ EEh (mm)

BEH)HAV (km/h)
@

11 : HB 0.3 mmE AT RJECHEE /K B S EAIBEE) 22 7 Bk > H
R4V = 125.35p70-215

H% 0.3 mmZ HB R EE R /KPS EMLE - HEAFESBRIE G HE T
BRENHAR - HIEERAIR 8 Fr -

Frok| elEbe i e BeibgE | BEEER (km/hr) FHYBEBIEEAR (km/hr) AR
A | Z£0.0mm ~ 45 0.0 mm |23.8]24.3|24.4|24.9]25.1 24.5 0.5
B | Z£2.0mm -~ £ 0.0 mm |19.5/19.9/20.1|20.1|20.3 20.0 0.3
C | £00mm -4 2.0mm |18.1/18.3/19.7|21.2|22.3 19.9 1.8
D | Z£2.0mm ~ 45 2.0mm [19.1/19.7/19.7{19.9]20.5 19.8 0.5
E | 7£8.0mm * 45 0.0 mm |19.0/19.2|121.8|22.3|22.9 21.0 1.8
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