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A Study on the Comparison Between Experimental and Numerical Analysis

for Developing Turbulent Steady Flows in the Entrance Region of a Square Duct
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Abstract

The flow characteristics of developing turbulent steady flow are investigated numerically
and experimentally in the entrance region of a square duct (40 mm x40 mm and 4,000 mm).
The numerical anaysis are incorporated by finite — volume discretization with staggered grid
system and SIMPLE algorithm.

The numerical solution are compared with experimental results of mean velocity profiles,
turbulence intensity and entrance length.

For turbulent steady flow, the turbulent components in the velocity waveforms increase as
the dimensionless transverse position approaches the wall. Turbulence intensity increases as
the dimensionless transverse position increases from the center to the wall of the duct for the
developing turbulent steady flows. The entrance length of the turbulent steady flow is about

40 times as large as the hydraulic diameter under the present experimental condition.

NOMENCLATURE a : Duct half - width (mm)
b : Duct half -~ width (mm)
A, : Piston stroke of oscillator (mm) C,, C,, : Turbulent model constant
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Dy, : Hydraulic diameter (=4ab/2(a +5))
(mm)

fu : Turbulent model constant

f : Frequency of oscillation (Hz)

L. : Entrance length (mm)

P : Pressure

Re : Reynolds number

U VW : Velocity component along x -, y -,
and z - axis respectively (m/s)

X, v,z : Cartesian coordinates of test section

x' > Dimensionless x ~ axis (= w/abu,,)

y' : Dimensionless y — axis (=y/a)

A : Dimensionless z - axis (=z/b)

SUBSCRIPTS AND OTHERS
: Molecular kinematic viscosity (m?¥s)

o : Density (Kg/m*)

T : Shear stress (Kgy/m?)

w : Angular frequency of oscillation
(rad/s)

W : Dimensionless angular frequency
[(D4/2) V()]

0., 0, . Turbulent model constant

fd : Fully developed component

rms : Root mean square value

- . Mean value
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Table 1. Ewperimental conditions of developing
turbulent steady flows
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Fig. 6 Velocity waveforms of developing turbulent steady flow at Re —66400
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Fig. 7 Velocity profiles along the change in the axial
direction and Reynolds number for turbu-
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Fig. 11 The distributions of i, and U’ /U’ s o for fully developed turbulent steady flow at x/Dy =90

6. & =

H4AHES] YFFgoM ¢ F A4 REd 4
el el #2189 v w dde o3 2ok

() FHF A AFE £ FEd A Overshoot
AL BES 2ty 2uHs 97} 3082204
Ay et

(2)F A RE ¢ 22E dolM HE
ol FA&E U FRET = TR 15 HH
A dA AR, B ATFZEE FFAA FAE
o & X FS FAAT

(3) dF FAREF d1dole 9E UFEF
Bl 2 27 9] of 408) F2o| Ut

7

o] =B e 199639 % X Ugtn FTHAEUE
Ged Tyl A PE Lot ATHUE.

ZHugd

1) Gessner, F. B. and Emery, A. F., "The Numerical
Prediction of Developing Turbulent Flow in Rect-

(244)

B3

4)

6)

7

angular Duct”,
441 - 455, 1981.
Talor, A. M. P, Whitelaw, J. H., and Yianneskis,
M., “Curved Ducts with Strong Secondary

J. of Fluids Eng., Vol. 103, pp.

Motion ; Velocity Measurements of Developing
Laminar and Turbulent Flow”, J. of Fluids Eng.,
Vol. 104, pp. 350 - 359, 1982.

Moin, P. and Kim, J., “Numerical Investigation
of Turbulent Channel Flow”, J. of Fluids Eng.,
Vol. 118, pp. 341 - 377, 1982.

Park, G. M., "Flow Characteristics of Developing
Laminar Unsteady Flow in a Square Duct”, Ph.
D. Thesis, Korea Univ., 1987.

Yoo, Y. T., “A Study on Flow Characteristics of
Developing Transitional Steady, Oscillatory and
Pulsating Flows in the Entrance Region of a
Square Duct”, Ph. D. Thesis, Chosun Univ., 1990.
Koh, Y. H., “A Study on Turbulent Characteris-
tics of Developing Turbulent Steady and Un-
steady Flows in the Entrance Region of a Square
Duct”, Ph. D. Thesis, Chosun Univ., 1992.

Kim, M. H., “A Study on the Development of
Low Reynolds Number Turbulence Model”, Ph
D. Thesis, Korea Univ., 1990.



B4AHEY TGN GRALHES AP 2A e v no) B AT 27

8) Laufer, J., “The Structure of Turbulence in Fully

Developed Pipe Flow’, National Advisory Com-
mittee for Aeronautics, Report 1174, pp. 1 - 18,
1955.

9) Pennel, W. T., Sparrow, E. M., and Eckert, E. R.

(245)

G., “Turbulence Intensity and Time - mean
Velocity Distributions in Low Reynolds Number
Turbulent Pipe Flow, Int. J. Heat Transfer, Vol.
15, pp. 1067 - 1074, 1972.



