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Laminar and turbulent pipe flow

® Hagen (1839) water D= 4.0Imm

0 Bogue (1960) water D=50.4 mm

® Bogue (1960) water D=27.3 mm

a Bogue (1960) sugar sol's , n =0.016-0.080 Pa's, D=27.3 mm

O Nikuradse (1932) water D= 10 mm

© Nikuradse (1932) water D= 50 mm

v Nikuradse (1932) water D =100 mm R DVp
e = ——
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-
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f = 0.079/Re//4———SS=U

Re (log scale)

Figure 3-1. Friction factor as a function of Reynolds number for incom-
pressible Newtonian fluids.




Dye Streak Experiment

Figure 3-2. Re-creation of Reynolds’ dye stream experiment. (a) Laminar

flow. Re = 1500, dye stream is undisturbed. (b) Turbulent flow, Re
photo-

3000, dye stream is dispersed. Flow is from left to right in both
graphs. Photographs by D. Smith, provided courtesy of the Chemical
Engineering Department, Monash University.
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Show[BoundaryDiscretizeRegion[Q],

rmf = RegionMember [Q];




Right to Left!

rmf = RegionMember [Q];
Show[BoundaryDiscretizeRegion[Q],
StreMPIOt[{xvel[xr Y] ’ Yvel[xl Y] }l {.‘(, '11 l)r (Yl 'lr 1)1
RegionFunction - Function[{x, v}, rmf[{x, v}]], AspectRatio - Automatic], ImageSize - 600]
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66. Spinning baseball. The late F. N. M. Brow_g dc'voufd
many years to developing and using smoke visualization in

wind tunnels at the University of Notre Dame. Here the

flow speed is about 77 ft/sec and the ball is rotated atr 630
rpm. This unpublished photograph is similar to several in
Brown 1971. Photograph cowrtesy of T. J. Mueller
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8. Sphere moving through a tube at R=0.10, relative ative to it. The photograph has been rotated w;hp.ed

motion. A free sphere is falling steadily down the axis of a from left to right. Tiny magnesium cuttings arcd J

tube of twice its diameter filled with glycerine. The camera by a thin sheet of light, which casts a
is moved with the speed of the sphere to show the flow rel- sphere. Cowancean 1968
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. Uniform flow past a circular cylinder at R=0.6.
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Drag CO@fflClent Reynolds number:

drag coefficient:

4q
Ooll I T L B UNLILE R 5 55 e 17T A e AT

100 o Measured by :
60 o o Schiller- Schmiedel
40 e Liebster
L O Allen
|10 A 1921 Narmiesd o
Cp 2 v 1926 } Vl i;gtl.:ga:tggr

el

To}

Figure 4-1. Drag coefficient as a function of
flow past a sphere. (Reproduced from H. Scl
Theory, 6th ed., McGraw-Hill Book Company,
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MpM Faovrom

Momentum equations for single flow inlet in + x direction.

-p(V.V,)A +p(V,V,) A, cos(0) = BA, — P,A, cos(0) + F,
+p(V,V,) A, sin(0) = —P,A, sin(6) + F,

30357 17 test 2 review 16/19 11/8/16



TN

\
g(/y\’c‘: = F;'?,\FG@

COM LWANTON 2 F PALgcur ¢
AN Syede <y E<c
oY CALWN EVALY AYE

\WNE gAL< ErAcTL Y

S0 Comn RETE RALANCE

e “§V|1An+§ V;ZCDSQA;:P,A\ﬁ-PZ_AZ (CRE-
" +Fx
0" Z 't—gl/zéxmﬂ,\r- — P, A, < 1we —H:d

A UsUAL RUESTION 1S "FInD F

30357 17 test 2 review 17 /19 10/27/16



A
g A |
-
——C
\ o

A

Y

Momentum equations for single flow inlet in + x direction.

-p(V.V,)A +p(V,V,) A, cos(8) = RA, — P,A, cos(6) +F,
+p(V,V,) A, sin(0) = —P,A, sin(6) + F,
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