Fluid Motion

Euler Equation
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Consider an element of fluid between two streamlines as shown

Applying Newton 2nd Law along the element, we have,

ZF, = ma,
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Fluid Motion

3 F, =ma, = pAA—(p+Ap)AA— AW sin e

pVa, = pAA— pAA—ApAA - pVgsina

Re-Arranging
P(AAAl)a, = pAA— pAA—ApAA— p(AAAl)gSINa

p(Al)a, =-Ap — p(Al)gsina

04, :——p—pgSIna

Al

Euler Equation of motion —E(Pﬂ’l) Joct
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Problem 4.27 . 129 [PROBLEM 427]

Situation: Flow through an inchined pipe at 30° from horizontal and decelerating at

0.3g.

Find: Pressure gradient in flow direction.

APPROACH

Apply Euler’s equation.

Euler Equation

ANALYSIS
d !
.-—-"""
P = —
FEuler’s equation
Ap/ol +~0z/ = —pag
dp/d = —pag—~8z/3l
= —(v/g) % (—0.30g) — 7 sin 30°
= ~(0.30 — 0.50)
dp /Al = —0.20~
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Problem 4.36

Find pressure gradient

Half-way through the
nozzle
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30 ft/s
/ 80 ft/s

Vi

-

|< 1 ft -]

| APPROACH I

Apply Euler’s equation.

| ANALYSIS I

Euler’s equation

d/de(p +vz) = —pay
but » =const_; therefore
dp/dx = —pag
al‘ — aﬂﬂn‘r't-'ﬂt-i.\'ﬂ — 1‘Fd.{'.—.llflld$
dV/dx = (80 — 30)/1 = 50 s~!
Viia = (80 +30)/2 =55 ft /s
= (55 ft/s)(50 ft/s/ft) = 2, 750 ft/s°

Finally

dp/de = (—1.94 slug/ft")(2,750 ft/s%)
dp/dx = —5, 335 psf/ft




Applying Euler formula along

—j—l(p+yz)=pa.

d : :
P _ 0 as the change in pressure is zero

d
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Proble . e
S pem)=ra
dl
dp : :
P 0 as the change in pressure is zero
d dz a, a,cosa
_d_l(ﬂ):pal a g g

‘z (vertical)

PROBLEM 4.37

Situation: Tank accelerated in x-direction to maintain hquid surface slope at -5/3.

Find: Acceleration of tank.

| APPROACH I

Apply Euler’s equation.

ANALYSIS I

Euler’s equation. The zlope of a free surface in an accelerated tank.

tan o

Gl

az/g
gtanao

981 % 3/5

ay = 5.89 m/s”




END OF LECTURE (4)
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