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Euler Equation

r (vertical)

Fluid element accelerating in / / YV IVER
direction & acted on by pressure : |

and weight forces only (no friction) o
Newton’s 27 Law Ak i — /’\j/;f

2 Fp = Ma
PAA—(p+Ap)AA— AW sina = pAlAAa,
p—(p+Ap)—yAlsina = pAla,;

e
a g T
_d Py

dl 'y g



Ex (5.1)

Given: Steady flow. Liquid is decelerating
at a rate of 0.3g. Flow /
Find: Pressure gradient in flow direction in
terms of specific weight. /
d a
L A 30°
dp 7, y dz
=g -y
d =~ g di

-7 (~0.3g) - ysin30°
g



EX (5.3)

vertical
Given: y=10 kN/m?, p-p,=12 kPa.
Find: Direction of fluid acceleration.

A Y
_d(p+Z):aZ lm
dz 'y g
ldp d-z B —
a, =—-g(—=+-=
z g(ydz dz)
a, =-g(PA~PB 1)
Y
—12,000
= — 2 +1
= =80 0000 TV

a,=g(l.2-1)>0 (accelerationisup)



HW (5.7)

 Ex (5.6) What _i(£+z):ﬂ
pressure 1s needed to ;” y ] g
accelerate water in a —;1;— y;j = pa,
horizontal pipe at a dp

3 2
~P _ e, =1000kg /m> *6m/ s
rate of 6 m/s2? dl

P _ 6000 N /m3
dl



Ex (5.10)

V,,=(80+30)/2 ft/s = 55 ft/
Given: Steady flow. Velocity varies linearly 1= ) S S

with distance through the nozzle.

Find: Pressure gradient Y2-way through the
nozzle

30 ft/s
[ 80 ft/s
il =
_ %(5 +2z)= Ci?x Pﬂ/f/i

d dVv dV/dx = (80-30) fus /1 ft = 50 fv/s/ft
= —pa, =—p(V <-)
dx dx

= (=1.94 slugs/ f£)*(55 ft/5)*(50 ft/s/ fi)
=-5355Ibf | f£* ] fi



HW (5.11)




d p

——(—+z

Bernoulli Equation

ds 'y

2
4 £+z+V—
ds| y 2g

1

)=—a,

_Ly,dr
g ds

_d(r?
ds\ 2g

0

P
/4

2

v
Stz4+—

2g

= Constant

* Consider steady flow

along streamline

* s 1s along streamline,

and ¢ 1s tangent to
streamline

P + z = Piezometric head

/4

V2

by =Velocity (dynamic) head
g

2 2
V, V.
Pl 4L P2y, "2

/4 2g vy 2g




Ex (5.47)

Given: Velocity in outlet pipe from reservoir
iIs 6 m/sand h=15m.

Find: Pressure at A.
Solution: Bernoulli equation

2 2
P, O _Pa,, Vi
y 28 7 2g

2
Oine Y _Pa gV
Y g 7 g

py=y(h- VA) 9810(15—9—)

Dy = 129.2kPa

Point 1
N

Point A



Given: D=30 in, d=1 in, h=4 ft
Find: V,

Solution: Bernoulli equation

2 2
ﬂ+zl+Vl :pA+zA+V—A
y 2¢ 7y 2g

2
9+h+£:9+O+V—A

/4 2g ¥y 2g

V=42gh

=16 ft/s

Point 1

~—
—

Point A



Example — Ventur1 Tube

Given: Water 20°C, V=2 m/s, p,=50 kPa, T \_/ T
D d D

D=6 cm, d=3 cm
Find: p, and p;,

Solution: Continuity Eq.

4, =V4,
2
A D
Va=h- b= VIU
A, d
Bernoulli Eq.
2 2
ﬂ-|-Zl +i=&+22 -|-V—2
Y 2g 7y 2g

2 2
) 2) =pl+§(Vl -

)

=pl+§[l—(D/d)“]V3

= 150,000+$[1—

Py =120kPa

(6/3)*12% Pa

!
LT T~

1 3
Nozzle: velocity Diffuser: velocity
increases, pressure decreases, pressure
decreases increases

Similarly for2 2 3,0or 1 2 3

p3 =150kPa

Pressure drop is fully recovered, since we
assumed no frictional losses

Knowing the pressure drop 1 = 2 and ; 2(p1-p2)
d/D, we can calculate the velocity and 27y o[l -(d/ D}

flow rate



Ex (5.48)

Given: Velocity in circular duct = 100
ft/s, air density = 0.075 Ibm/ft3.

Find: Pressure change between
circular and square section.

Solution: Continuity equation
Ved. =V A

IOO(ZDZ) =V, D?
T
vy =100(,)=78.54 fi/s

Bernoulli equation

2 2
y 2¢ 7y g

k—5—

Air conditioning (~ 60 °F)

0.0751bm/ f#>
2%32.21bm/slug

= —4.461bf /| f#*

(78.54% —=100%)

Pe—Ps =



Ex (5.49)

Given: p=0.0644 1bm/ft? V13= 100 ft/s,
and A,/A,=0.5, y =120 Ibf/ft

Find: Ak
Solution: Continuity equation
N =r4,

vy =1, A~ 100%2=200 fi/s
4
Bernoulli equation

2 2
V-

P
8

/4 2¢g 7y

2 2
Pl—Pzz'g(Vz -

0.06441bm / 1>
2%32.21bm/ slug

=301bf / f#*

(200> —=100?)

P1—P2=

/| T

Heating (~ 170 °F)
Manometer equation

P1— P2 =Dy = Vi)
(120—0.0644)Ibm / f#°
32.21bm/ slug

AL =025 fi

30 = Ak *32.2 ft /s>



HW (5.51)




Stagnation Tube

2 2
p, . _p V5
/4 2¢ vy g
2

p P

y 28 vy

» 2

V-=—(py—p1)
Yo,

=2+ d)—d)
o,

el




Stagnation Tube 1n a Pipe




Pitot Tube

Stagnation pressure tap L
=
2
v
Py ¢l 2Py, 24 .,
Y g 7 g . \a )
p W _p Vs T
+ + @

y 28 ¥y 2g
2 =\/2g[<ﬂ+zl>—<ﬂ+zo
Y /4

v =\2g(h —hy)



Pitot Tube Application (p.170)

Q0 s
1+ =2V + 1y =Yg —(L= V)7 = D2
2
N y 1= P2 =Y(VHg — Vi) + (21— 22)7k
P1— P2 fz -2y = y(7/Hg_7/k)
Yk Yk
/
M=ty =y(¥rg vk —1)
\ V=\280(rpg 7k —1) =243 fi/s




HW (5.69)

10 cm




HW (5.75)




HW (5.84)

(a)

Pressure gage B

(b)



HW (5.93)

Water A=103m?




