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Chapter 4:_acceleration

\/QZO The nozzle in the figure is shaped such that the velocity of flow varies linearly
from the base of the nozzle

to its tip. Assuming quasi-one-dimensional flow, what is the convective acceleration

midway between the base and the tip if the velocity is 0.5 m/s at the base and 1.5 m/s
at the tip? Nozzle length is 45 cm
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Euler's equation -~ - + WA 3
D 50 o=y pgt 07
v Q5 A liquid with a specific weight of 15717 N/m3 is in the conduit. This is a special
kind of liquid that has zero
Viscosity. The pressures at points 4 and B are 9 kpa and 5 kpa, respectively. Which
one (or more) of the following conclusions can one draw with certainty?
(a) The velocity is in the positive { direction.
(b) The velocity is in the negative C direction.
(c) The acceleration is in the positive { direction.
The acceleration is in the negative € direction.
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QPP‘& Eler 69,ka’)(“ bc‘lwew Aygh ) longs 26m/s

i

Zere (Woritontal ) i “’“—"';r"'-n-_._‘

- - — N\,
2 (o8 = -0, L. =:

—_—

L T A-—ﬂ-‘“"-__'- [P
# . X
3¢ - -pay| e
O X TP 5 4, %%

of| V:a)(-\-b

N !
a,.o =N| = V= 1otZ. \Rmsg“f””z“"“‘°’*‘°=>l:\==w\
¥ Convedtive OX " wadl z | Yzl =Dy- 2= Qb4
he A\ \ .
" N - Yo g =YHo

ot [V=Lox +10|
of _ _p (V_al} | on Bobop &
= X - g% = \[e\ocﬁj Disdnbedion -

o [
g v — —|lovce (\g L
__Oﬁ & ,}0 (\g 110) vbo)

X — 970410 Py fwm
0 = F20x10 P B\

Aboud Samee7 -- Fluid Mechanics



Aboud Samee7 -- Fluid Mechanics

Q37 The closed tank shown, which is full of liquid, is accelerated downward at 1.5g

and to the right at 0.9g. Here L = 1m, H = 5m, and the specific gravity of the liquid is
1 . Determine pC - pA and pB - pA.
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Pressure distribution in rotating flows

Q41 This closed tank, which is 2m in diameter, is filled with water (p = 1000 kg / m3)
and is spun around its vertical centroidal axis at a rate of 10 rad/s. An open
piezometer is connected to the tank as shown so that it

is also rotating with the tank. For these conditions, what is the pressure at the center of

the bottom of the tank? R l
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Q42 A tank of liquid (S = 0.80) that is 30 cm in diameter and 30 cm high (7 =30 cm)
is rigidly fixed (as shown) to arotating arm having a 60 cm radius. The arm rotates

; . note
such that the speed at point 4 is 6m/s. If the pressure at 4 is 1200 pa, what is the =
pressure at B?
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\-"‘ Q44 A closed tank of liquid (S = 1.2) is rotated about a vertical axis (see the figure),
and at the same time the entire tank is accelerated upward at 4 m/s2. If the rate of
rotation is 10 rad/s, what is the difference in pressure between points A and B (pB -
pA)? Point B is at the bottom of the tank at a radius of 0.5 m from
the axis of rotation, and point A is at the top on the axis of rotation.
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Q46 An arm with a stagnation tube on the end is rotated at 100 rad/s in a horizontal (@
qQ

plane 10 cm below a liquid surface as shown. The arm is 20 cm long, and the tube at
the center of rotation extends above the liquid surface. The liquid in the tube is the

same as that in the tank and has a specific weight of 10,000 N/m3. Find the location
of the liquid surface in the central tube.
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Bernoullii equation along streamline

Q61 Water flows through a vertical contraction (venturi) section. Piezometers are

attached to the upstream pipe and minimum area section as shown. The velocity in the
pipe is 4 m/s. The difference in elevation between the two water levels in the

piezometers is 20 cm. The water temperature is 293 K. What is the velocity (m/s) at
the minimum area?
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Q62 Kerosene at 20°C flows through a contraction section as shown. A pressure gage

connected between the upstream pipe and throat section shows a pressure difference

of 20 kPa. The gasoline velocity in the throat section is 10 m/s. What is the velocity
(m/s) in the upstream pipe? A2 = U (Ca [P
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Q64 A glass tube is inserted into a flowing stream of water with one opening directed
upstream and the other

end vertical. If the water velocity is 4 m/s, how high will the water rise in the vertical
leg relative to the

level of the water surface of the stream? T
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Bernoulli equation in irrotational flow -

Q99 Water (p = 1000 kg/m3) flows from the large orifice at the bottom of the tank as

shown. Assume that the flow is irrotational. Point B is at zero elevation, and point 4 is
at 30 cm elevation. If ¥4 = 3 m/s at an angle of 45° with the horizontal and if VB = 36
m/s vertically downward, what is the value of pA - pB?
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Q16 Air enters this square duct at section 1 with the velocity distribution as shown.

Note that the velocity varies

in the y direction only (for a given value of y, the velocity is the same for all values of

z).

a. What is the volume rate of flow?

b. What is the mean velocity in the duct?

c. What is the mass rate of flow if the mass density of the air is 1.2 kg/m3?
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Control volume approache

Q37 Gas flows into and out of the chamber as shown. For the conditions shown,
which of the following

statement(s) are true of the application of the control volume equation to the
continuity principle?

a. Bsys=0

b. dBsys/dt =0
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Continuity equation

Q44 Both pistons are moving to the left but piston A has a speed twice as great as
that of piston B. Then the

water level in the tank is (a) rising, (b) not moving up or down, or (c) falling?
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\’ - Q49 tank has a hole in the bottom with a cross-sectional area of 0.0025 m2 and an

inlet line on the side with a cross-sectional area of 0.0025 m2, as shown. The cross-
sectional area of the tank is 0.1 m2. The velocity of the liquid flowing out the bottom
hole is " — V2=¢ where h is the height of the water surface in the tank a bove the
outlet. At a certain time the surface level in the tank is 1 m and rising at the rate of 0.1
cm/s. The liquid is incompressible. Find the velocity of the liquid through the inlet
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Q61 Is the tank in the figure filling or emptying? At what rate is the water level rising
or falling in the tank?
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Q66 Assuming that complete mixing occurs between the two inflows before the

mixture discharges from the
pipe at C, find the mass rate of flow, the velocity, and the specific gravity of the

mixture in the pipe at C.
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Cavitation

Q96 When gage 4 indicates a pressure of 120 kPa gage, then cavitation just starts to
occur in the venturi meter. _
If D = 40 cm and d = 10 cm, what is the water discharge in the system for this

condition of incipient _
cavitation? The atmospheric pressure is 100 kPa gage, and the water temperature 1s

10°C. Neglect _ ‘,220 Pq (Cbbﬁ)
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Chapter 6 : jets

Q10 A horizontal water jet at 20C impinges on a vertical-perpendicular plate.

The discharge is 0.05 m3/s. If the external force required to hold the plate in place is

00 {/. what is the velocity of the water?
Q -0 0 5 ”“‘3/5
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Q15 A tank of water (15°C) with a total weight of 200 N (w

container) is suspended by a vertical
cable. Pressurized air drives a water jet (d
that the tension in the vertical cable is 10 N.
pressure in units of atmospheres (gage

ater plus the

= 12 mm) out the bottom of the tank such
If H =425 mm, find the required air
). Assume the flow of water is irrotational.
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yanes

6.20 Determim? the external reactions in the x- and y-directions needed to hold this
fixed vane, which tuns the oil jet in a horizontal plane. Here V1 is 18 nv/s, F2 =17

m/s, and Q =0.15 m3/s.
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_. - Za JV's=— « 6.21 Solve Prob. 6.20 for VI = 30m/s, V2 = 25/s, and Q = 0.05 m3/s.
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Q30 A vane on this moving cart deflects a 10 cm water (p = 1000 kg/m3) jet as
shown. The initial speed of the water in the jet is 20 m/s, and the cart moves at a
speed of 3 m/s. If the vane splits the jet so that half goes one way and half the other,

what force is exerted on the vane by the jet?
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Q22 This planar water jet (15°C) is deflected by a fixed vane. _What are the x-
and y-components of force per unit width needed to hold the vane stationary? Neglect

gravity. o @
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Q28 A cone that is held stable by a wire is free to move in the vertical direction and
has a jet of water (at 10°C) striking it from below. The cone weighs 30 N. The initial
speed of the jet as it comes from the orifice is 15 m/s, and the initial jet diameter is 2
cm. Find the height to which the cone will rise and remain stationary. note: The wire
is only for stability and should not enter into your calculations.
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Pm&(ice:
/

pipes

Q45This bend discharges water (p = 1000 kg/m3) into the atmosphere. Determine the
force components at the flange required to hold the bend in place. The bend lies in a
horizontal plane. Assume viscous forces are negligible. The interior volume of the
bend is 0.25 m3, D1 = 60 cm, D2 = 30 cm, and F2=10 m/s. The mass of the bend

material is 250 kg.
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Q55 For this horizontal T through which water (p = 1000 kg/m3) is flowing, the
following data are given:

01=0.25m3/s, 02=0.10 m3/s, p1 = 100 kPa, p2 = 70 kPa, p3=80kPa, D1 = 15
cm, D2 =7 cm, and D3 =15 cm. For these conditions, what external force in the x-y
plane (through the bolts or other supporting devices) is needed to hold the T in place?
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Nozzles

Q63This “double” nozzle discharges water (p = 1000 kg/m3) into the atmosphere at a
rate of 0.8 m3/s. If the nozzle is lying in a horizontal plane, what x-component of
force acting through the flange bolts is required to hold the nozzle in place? note:
Assume irrotational flow, and assume the water speed in each jet to be the same. Jet A
is 20 cm. in diameter, jet B is 22 cm. in diameter, and the pipe is 60 cm in diameter.
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Applications " nonstationary"

Q86 A cart is moving along a track at a constant velocity of 5 m/s as shown. Water (p
= 1000 kg/m3) issues from a nozzle at 10 m/s and is deflected through 180° by a vane
on the cart. The cross-sectional area of the nozzle is 0.0012 m2. Calculate the resistive
force on the cart.
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