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Measurement of Wall Shear Stress Using Preston Tubes

S. H Kang, M. S. Yun and W. P. Jeon
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Abstract

Fully developed turbulent flow in a circular pipe and laminar boundary layer on a flat plate

were measured to develp a measuring technique of the wall shear stress using Preston tubes. New

empirical formulas to extimate displacement factor of Preston tube were obtained through the

present study. The displacement factor for turbulent flow was considerably different from that for

the laminar flow. Measured wall shear stress was not pretty dependent on the displacement factor

for Preston tubes in the inertia sublayer of turbulent boundary layer, however was considerably

affected in the laminar boundary layer. Measuring error of skin friction using the CPM technique

was 3% for turbulent and 5% for thin laminar boundary layers.

HEMdY
A* > van Driest=] % A4
c c Y Al
d cEAAE BB A
K CREAAS
KKK - yale] a4
q AEYE B
u c e HYF SR
vy o ¥E aAHE
Yess L fEAR (=Kd/2)
CEAAAT
K : von KarmanAt4-
CrAle] A=
Tw D Huopako.
A4, Aegta JAZE

A e ASEs

A 8

A 3L wdegd fAls 25 A B
oA Ark#e Al T4 FL8T oke|n], o]
T 388 AAAE AE: A 249 T FE
3 AP ok YwhH o= ¥nlAA+E AF
e wlorys S5 m=e HyAN e
FEolEL o8y HAAL W AR H A9
<+3L A=} H o] 31t} Brownse} Joubert,®
Winter®e #2189 ofeisix wye FAdoz
A=A A friE /‘é 2 A4S B ¥
ek £3% AEYRe FAFAA §F =
et 7b whE ‘Elzd‘%} ol HAs A qt, AAF
Woll mae] glod AdHos 2 2R v 4
il ZIHAE F-H (preston tube) o2 | F 5
oA o83 e A U o

N

+3
¥



701-/(‘1

t‘%] .
3

1874

A g el mE 250 Wbl 3439 FE
dubdel AAE WollAE AH37] 7 o3 ek
ol2{# 9lt}. Floating element 5-& A}£3}o]

A ALY L Azsts e HuAngHd e

A Az WEo st Aoz FAY Uy
olAuh, A& A7} zolol stz AU AE A
A Azl o2izhA]l ofjgel Y 9ol
sublayer fence =+ @HEL o] &= wdy, o
g d o 2AAEY YL ol gdke W
o] ik, HZol: o)A Wg AHEste] Wwl wie
Ao SETHE ASFstd HALEHE S
—él,\;}“ 3)

L

-

=

JL‘ N

=g
o]

=

H ©

% Preston®o]| A|elgt = A
Hitne A7t 42 A4
o] 7] i Fol Léal Alg-5la gleh, #| 2o Nitsche
®e Az g 279 ZHsE FEE AR
o 27k AAFY ¢ HAHEHE e
2 d2g £ 9e 4 =ZHAE Fu4(computa-
tional preston tube method : CPM#) & A A3} »}
At HZ AAY 5O AfelMe HodA F
A¢ 229 ARE suake AAZeNA o) CPM
e Agaded §Y4d AT 4w Y
CPMHl o #ejAn A 2Hoz HFE
v X = Qlzbe oW ezl zhell WA o] Ex
3H°l=%}°1 wul flof A ALEH FHO oA AS
H Fo]l AARZ o AHMY Folke FE
A=A o] ek,

B dTeAe o] FEARAS
}04 CPM o] gl it 7‘35—% 5
}°=1 Ay o]z o] FFo] 2
e %}"—4-?“}1 = 741%.‘—

E
L.

ol
S

=S
[

al

4o

24

rh

22 =
% AgAe

ol

ol

==

31,
j:l
4

a

0 2
r—SL
o

k3
> o
i

fEAE AAsA
CPMdol| A &3le] o]
Sk s Bu oA B
Blasms 73A & CPMY-& A
ZolA CPMH H4a4-& AE3]

o
——

P 4
ol
o])l

[

oo ox of X N o i0 o
LA P S R
2 oo

*
Rarkde

ofj
ol A o M

W oox P ot
_33

Ol

32
+

2. CPMH el &g

dejx THAE HFudle wood sESFuE
AZE A gt HobESH nd JAE ALY

AL B4 AAdstn AFL EA 23 7o)

g AL
ARFAE T3 F AHSshe whgel=h
2 2
gt=F (%) ; q““zzgg;z-i = Z’”d (1)
A7)AH, dE ZHAE FHY AAooh @A
o]l Wy shAwes HY FRAFAFAAL AR
& 4 ok, 2y CPMHY-E =24 G774
oA deole] Ay Al £ Aolak= sHAH 3]

ol Al mebsl yHolct, 73 A A
o} ol WIRAAZe WAL ofv] dx ok
Hy Aol FH3 o YAA SE2F ASFeR
A WA HE dEE 4 A Hr ‘:V] =
3 Ay AL olu] ¢z gchd, H A

Aoz 7% + A Ao Az T2
ZHALE Fro AZH Fdol st
AAZ HoA o AHAY £xo &
Aolvke FEAY yoy (=Kd/2) 5 A& dolof
gk, o714, |EA e A4 (displacement factor)
K+ ¥ZHoA Haze 34 $=275 2

ek 3y 4F

o
=

l‘—>ﬁ:

U RS

-

2=

I
fr 3L e al

oft
ol

#d okelr}, o] 7ke Preston,® Patelo] 2|3
TR AAZHJozrE 2RI £x Qu, =

McMillan®o] &3 Ad oz A= 5 sgot
7t Zbe] hEe] Az ke HolE Holm th
Nitsche et al.®2 7]&9 oJgj7lx] APAEE o
&3t K& loged™e] T2 vetlle APAE
AAstgdel, 2 o] Ke #AAZe SA43 =49
28 Fuo AFAdeel ot ubd 4 gieh w2
A 2 dFelAe WepdA 4o A gk
! "HT stol 4% B HA FHAAST FEelA,
AzE ZHAE FHO) KE Jo T3 25
CPMH 9] Z&oll AH&3l=5 3hoeh

Nitsche et al.@¢] 2]3te] A" CPMyelA&

Ak AAZol 2 F¥ dE wtEEA A
AAZ 4BL F 4 & 24 24T 1A
o AR ol 8% thee) HHAOL g3
o},

u+=

f” 2(1+Kay)dy

o 1+[144(Kiy) (14 Koy (1—exp(— 'V 1+ Koy* /K2)) 1°

(2)

o371 4, K& vonKarmanA4 « K+ van
Driestd+ A*, Kew & 7ole] £3F Jells
s olet, FY dFAAZT HHAAAE K
=0.4, K:=26, Kz=0°clx stds wad 3773



=

g ARl gy e
AAE FEAX HA
o] 4(2) ez vepd & Sign s
. 047]*1 27kA) o] e mHALE fr-‘ﬂ'—% °]
of ¥ FS ASTozA WA E

A 2 YA £=F AZFE 5 U
A Ky, K, Ko7t Ad83S 24
T %Ml ek, o)l CPMH Y 71E 4
CPMwol o3 Ad3d FAAAS A

(

(3) & Fuel FEA yoy 2%

(4) AAR 59t 245 Lol vm

(5) Aetsy & LAY FHE At (3)
(4) 4 45

(6) 7+ Fro Ak v

(7 429 vhA4E 2Aaz, F=H2 oz
A (2)~(6) A 4

oA dudsl CPMW e AHEA FEAR A 5ol
gl SEAel Ags An, £ dFolA A4H
ZH2E Fro et ki fEFEANA
o]% AZsgch, $4 A oz e A
4E FHEAEs °é% AL Azagch, A4 A

= , A *é, A spojz R FAls]o]
olch ARgE YAl 7] A ¥ 1000 mmAg,
ol T 45m3/mm°1ml X“WE}H 55 47
Al £F719 AR Aolof ofaHE AFE A
Ae Tt ne W7 55mm, el 4.1mé]
PVCsloZo|uy, H%o et HojE Fo]7] 3t
o] TEA =oke] w4 £38g sholz glFef A
X stodeh, e 59 AHE =8
A 97 Hdo)A Ars Aol wgke 2 20cm 7
Aoz 10/M4olA AZsgch whdelA FEE5=
Byl x=36 3.8m9 F HA P@aA A
A5 S 0.2mm(shd e AAzY) e Agk Fu
2 Az THLAE FRE x=3.8mol] 4
gz, Wesqke 27 0.44~1.49mm ¥ 8
Mg ZA2E Fr=2 AZddY dHesE=c &

r]r

[5)
BAE 53

—|—‘
=

o

all
olo
v
A
o
2
L
ok
>
u

L
r_‘?‘
-

1875

T 3ZE ool dis) AP FIged, B
Ao 4.1X10°< Rep<8.4x10°21 = $ollA 58
sk @ Q3 e 2EE =AY 379
S Adgded, HF dHY ¥ ==
40+£2Cc gtk

22 AAZ A AP 2L ol 277}
30x40cmel FUA AYFTEoAA frﬁgé}%ivh z
5 2R HE4re FAEE 20m/sollA]
0.5% olslelx, W& #=+& 15m/so*lxi 3% ol
ol EFAAE AL A7 HALe Az}

i [=]
3.1°¢) 24 H71¥elR, FEFoE %
3 o A7E 280X 400 mmeoj T, HI GE-E-E
Eo) w2zl wAEA BEE GIEA HEEsle
v, B3 99 H£rPE¥E x=55 10.5cma
2ol A Al Z = et

2elnE|e] ore Ha shig o]FAR = 0.0021
mmel 12 o] AR 7L Aol ARE . o
3 =22 AYE ?4%5131 8253 J+E W
A/D W@s2 seldh 5 qtele oled w3l
7] (Validyne CD23) & %—s}oq A/D #3710 4
A43 oz walsio] sMale el Azl
o, &5 3 9 AgEAA 202 FF 10000074 4
ol el 2 A Z3shed kg

2_‘_2
=

4. 23t X HE

41 HEREo|AM opEAS
Autets] 4 FEolA HAGFHL
gl 2 ﬁﬂl &g 4 ok, Ay FF
gAutete qbAule] AdA, HE
T, F SEAAEY FIAe] FHA
u, 2 drode e HEEzd A
254 s AeE s, 243 AF s
FEZ(B1m/s)olA A= HE F A,
65 70014 HFEEE AZsgch Fig 1o vet
W oule) o] FFEEEEV A YAFE Ao
io} FEo] 9 weEALS 4 5 gn A
FeiHoz MAHPYSL & & s SAwWD
3 Ads 2wk qreddzaie Ai FdF 5
Ak, Fig. 28 43 7ol 2m ol Fo Akt
ZE doln, mE HojEafod APHeo=
stz gleh #lel w249 Fotd ot hE T
AR ool wet HADGHE AALE A4E
Adch A2 FHFezEE T3 depRASE

Jr-‘
-0,
i
2
R
[+3
S E T
I of mo ob lo

M

2



1876 BAE -

1.0 ” : T 3
+ | ‘ E
o xOD=70" ! Rt
08 —
8 3 x/D =65 ‘ )
: 1 2
. H N “’I
yR o8 : - 3
. ; )
. . 2
: ‘ . D)
04 N mn‘
L : ! : )
| PP '
o N
02 [ .
[ . ! @
;@ H
00 @ noao ™ |
0.5 98 0.7 08 0.9 10
uw/Ug

Fig. 1 Non-dimensional velocity profiles at the two
different sections in the pipe
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