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TABLE 3.1
The Conservation of Mass (Continuity Equation)

Rectangular coordinates (x,y,2)  ap ( dpvy  pVy i!p\’.)
o e - + ’ + ~

ot ax l"y ;Iz

Cylindrical coordinates (r,0,2)  ap ( 1 alprv,)  1dpvg) i'(p\":))
— = |- + — -
ot (|

roar r a9 e

3

Spherical coordinates (r, 6, ¢) ap ( | apr3v,) 1 dlpvgsin @) 1 dpvy) )
—= - + +
o or rsiné 0 rsinf ad

ot 3

O STRRIGHYy STEAQY
| =0 Frows, NoY MUCK-
INSTANT & sRrIned.

30357 17 review lecture 9 26 3/29 9/27/16



WE SHOWEY) THAT TRe
ENEREY BALANCE 200D 1N

PROV \OE

FLOWRATE £ => YRERO2 £
¥ PAESo

RELATION Tor P1PE Frou

SO WE REALIZE£0 THgT
WE (NEEDED
CONSELUATION OF MOMEATUA

ma = S F
LEFT S |0€ oF RIFHTSIDE
o E‘f/ < HF NS

ci&’{"m - ﬂﬁ é_?  EQS

30357_17_review_lecture_9_26 47129 9/27/16



WEpiy TS AW TO

THE CASE OF AN AedeArY
"COLE"

Figure 3.1 Flow acroms & surtace of conesart » o » rechanguiar 0oneol yolume. Figure 3.4 Nomenium Faragon scrons surisces of e conbiol volume.

PVy|yeapvAxaz
pv:|vardy
PVy l x+Ax S
v wivdz | oy | Vil anvanas | '
Y e | y
AN T e “l\_\ \
5 Ax R
€y V3| a:vAXdy
€,
"y | Wi
€
Figure 3.5 Scramatic of Componants of e VSCOUS SINess 1nnsor Copyrght G000 sy Peanor Béucwton
e Sede Krvw. Nover bursay CTOS8

AT AT
|
< U
1 " L
-, X
Az \ \ \
T Tz
€y
€y
e,
T o in Biokgresl Syss a d Edtion Copyright S2009 by Pesnon Education, Inc.
 peanion | Gocrge A. Tauskay, Fan Yuan, s David F. Katz ety - ey

THEW S0ME PPPLoflIATE
PAEST V)16 5TAR N | .

30357 17 review lecture 9 26 5/29 9/27/16



able 3.4

TABLE 3.4 N E\L)Tot\) AN LU O

Navier-Stokes Equation for an Incompressible Fluid
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able 3.4

TABLE34 |\ EwsOn AN FL) O

Navier-Stokes Equation for an Incompressible Fluid
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nez- Show[%, %%, PlotRange -> All] \
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LAM INAL 3 TURAULEM™ Flou

10° 10° 10 '\" 10° 10°

Turbulent velocity fluctuations “mix” slow moving
and fast moving fluid and in doing so transfer the
stress from the wall, that is opposing flow, into
the middle of the pipe. Result: high pressure
drop for a given flow than if the flow were laminar.
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introduced at a bell-shaped entry extends undisturbed the
whole length of the glass tube. Transition is seen in the sec-

ond of the photographs as the speed is increased; and the
last two photographs show fully turbulent flow. Modern

traffic in the streets of Manchester made the critical
Reynolds number lower than the value 13,000 found by

S
R nkend\haequﬂ\“d Reynold
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