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TRANSPORT PHENOMENA IN THE FLOW BEHIND
A MOVING ROD FITTED IN A PIPE

—— Shear stress at the wall

Toshitatsu MATSUMOTO, Hiroshi KAMIMURA, Kohji KUKIZAKI
Yoshiaki SHIGEHISA and Tsutomu MATSUYAMA®*

The wall shear stress induced by the flow behind a moving rod fitted in a pipe, were investigated

experimentally and analytically. An electrochemical method was used in this experiment.

In the turbulent flow region, where Reynolds number based on the tube diameter is above 15900, the

measured friction factor of the flow decreases proportionally to the inverse square-root of the distance

from the rod. This behavior of the flow near the wall was analogous to that of a laminar boundary-layer

flow with negligible pressure gradient.

In the laminar flow region where Reynolds number is 10 or less, a good agreement was found between

the observed friction factor and the numerically solved one. When Reynolds number is increased from 100

to 1000, the observed friction factor was much greater than that calculated by numerical solution of

momentum equation.
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1 PVC pipe 10 Reciprocating piston
2 Test piece 11 Clutch/break unit
3 025 mm Ni wire 12 Varispeed motor

4 Eecrtode section 13 Manom.for friction
5 Reservoir % Flow meter

6 Winding device 5 N, gas supply
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Fig. 1. Experimental setup.
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Fig. 2. Test piece, electrode section and electronic
assembly (Not to a scale).
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Fig. 3. Example of correlation between observed vol-
tages and shear stresses at wall.
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Fig. 4. Example of voltage signals.
t*=u,’t /v =xu, /v=Re, (4)
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Fig. 5. Flow configuration and coordinate system.
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Fig. 6. Changes of friction factor with non-
dimensional elapsed time or distance for
turbulent flow.

THMDOAMEIZEL, Rep DKEXIHMIELTERE
NBEZFLAEABICBITAEICHEHAEL TS, T7,
Rep WREWVIIL, BHREFABORERELEION
HHEBOfIIKREL, BELIEABRANDOEBL Re, O
fEbKREL R AEANBDLND,

FOM, Fig. 2128115 d=27.4mm DT X P ¥ —
AB LU d=27.4mm, xo=7.5mm Db DIZDNVTd
ERLLY, BRIERBEOHHANT Fig.6 £ —
Bl7, Lo T, ANNERBERIFA -2
BADHENBIBALHFEERDLTVAbDEEL
Lbhb,

2.3 RETOIMAKAWET I EDOHE

RIETOERMIZETVT, Re, DHB/NS W
ERNRIIEFARTEL, 2T, ) ERBEPAT
BELBBEIC x /N EWHF L 75, 2 BREEEDAIZ
HEHRBIFEL, »OBHTHS, )FEREOHN
DET VT % VBB TIIEE O L5, 4) x IS
EN—FLT5, FORELBE, Fig. 70X &
NEEZD, Lo T, ulx,y)ixt LTROERE

HEAB L UBREEIRILT 5,
HEHEOR,
e Oy ©
Xﬁhoﬁmﬁﬁﬁ‘
(uxz) + (u,ux) azux (10)
Y oy



HA - EA - 2K - B - 4RI FOEP BRI B SRS 1S 51 2 MBS 117

Moving plate
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Fig. 7. Developing boundary-layer model.
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Fig. 8. Comparison of observed friction factors with
theoretical ones for laminar flow.
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Fig. 9. Grid distribution for finite difference solu-

tion.
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Fig. 10. Example of effect of grid size on calculated
friction factor.
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Nomenclature

A, B =constants defind by Eqs. (16) and (17) [-]

=diameter of test tube [m]
=diameter of test piece [m]
=input of microcomputer \%

=friction factor [

=gravitational acceleration [m+s72

~m o~ mea g

=grid position in X—direction -1

j =grid position in A—direction -]

M =number of division for X—coordinate -]
N =number of division for A—coordinate [-]
n =data number -1
n’ =data number for the rear peak [-]
p =pressure [Pa)
R =tube radius [m]

Re =Reynolds number [-]

r =radial position from center [m]

T =time interval [s]

t =time Is]

u =velocity [m-s™!]

X =axial distance from the moving plate [m]

y =radial distance from the wall [m]

z =axial distance from cathode [m]

U, V, X, A, ¥, ) =dimensionless variables defined in
Eq. (24) -]

a, B =factors used in Eq. (28) [-1

5 =boundary-layer thickness [m]

7 =y/é -]

A =r/R -]

7 =viscosity of fluid [Pa-s]

v = p¢/ p=kinematic viscosity of fluid [m?+s71]

p  =density of fluid (kg-m~]

¢ =function of 7 [-]

¢ =stream function [m?+s7]

[ =vorticity [s71)

< Subscripts and Superscript >

D  =tube dimeter based

r =r—direction

w =wall

X =x—direction

y =y—direction

z =z—direction

%  =dimensionless

P =number of iteration
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