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SESSION  FLUIDS TOPICS  

MORNING A. Flow measurement 

B. Fluid properties 

C. Fluid statics 

D. Energy, impulse, and momentum equations 

E. Pipe and other internal flow 

  

AFTERNOON CHEMICAL ENGINEERING MODULE MECHANICAL ENGINEERING MODULE OTHER DISCIPLINES MODULE 

 A. Bernoulli equation and mechanical energy 

balance 

B. Hydrostatic pressure 

C. Dimensionless numbers (e.g., Reynolds 

number) 

D. Laminar and turbulent flow 

E. Velocity head 

F. Friction losses (e.g., pipe, valves, fittings) 

G. Pipe networks 

H. Compressible and incompressible flow 

I. Flow measurement (e.g., orifices, Venturi 

meters) 

J. Pumps, turbines, and compressors 

K. Non-Newtonian flow 

L. Flow through packed beds 

A. Fluid statics 

B. Incompressible flow 

C. Fluid transport system (e.g., pipes, ducts, 

series/parallel operations) 

D. Fluid mechanics: incompressible (e.g., 

turbines, pumps, hydraulic motors) 

E. Compressible flow 

F. Fluid machines: compressible (e.g., turbines, 

compressors, fans) 

G. Operating characteristics (e.g., fan laws, 

performance curves, efficiencies, work/power 

equations) 

H. Lift/drag 

I. Impulse/momentum 

A. Basic hydraulics (e.g., Manning equation, 

Bernoulli theorem, open-channel flow, pipe 

flow) 

B. Laminar and turbulent flow 

C. Friction losses (e.g., pipes, valves, fittings) 

D. Flow measurement 

E. Dimensionless numbers (e.g., Reynolds 

number) 

F. Fluid transport systems (e.g., pipes, ducts, 

series/parallel operations) 

G. Pumps, turbines, and compressors 

H. Lift/drag 

!



1) FE Supplied-Reference Handbook

$13.95 
ISBN: 978-1-932613-59-9

• This is the official reference material used in the FE exam room. 
Review it prior to exam day and familiarize yourself with the charts, 
formulas, tables, and other reference information provided. Note 
that personal copies will not be allowed in the exam room. New 
copies will be supplied at the exam site. 8th edition, 2nd revision 
©2011

• Use the reference and review materials sold by CEE's ASCE student 
chapter. This year, the CEE department will again reimburse any CEE 
students who are registered for the FE exam for related study 
materials (not exam fees).  The department can afford to pay for the 
cost of reference and review books up to ~$60.  Bring your original 
receipt to the department administrative assistant, Angie Schenkel. 

3

2) 57:020 Fluids Class Lecture Note: http://www.engineering.uiowa.edu/~fluids
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Contents:

1) Fluids properties: Density, specific volume, specific weight, and specific gravity
2) Stress, pressure, and viscosity
3) Surface tension and capillarity
4) The pressure field in a static liquid
5) Manometers
6) Forces on submerged surfaces and the center of pressure
7) Archimedes principle and buoyancy
8) One-dimensional flows
9) The field equation (Bernoulli equation)
10) Fluids measurements (Pitot tube, Venturi meter, and orifices)
11) Hydraulic Grade Line (HGL) and Energy Line (EL)
12) Reynolds number
13) Drag force on immersed bodies
14) Aerodynamics
15) Fluid flow (Pipe flow; Energy equation)
16) The impulse-momentum principle (Linear momentum equation)
17) Dimensional homogeneity and dimensional analysis and similitude
18) Open-channel flow



The density of a fluid is defined as its mass per unit volume.

The specific volume is the volume per unit mass and is therefore 
the reciprocal of the density.

Specific weight is weight per unit volume; 

Specific gravity is the ratio of fluid density to the density of 
water at a certain temperature.
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JustAsk

1. A tank is filled with seawater to a depth of 12 ft. If the specific gravity of seawater is 1.03 and the atmospheric pressure at this location is 14.8 psi, the absolute pressure (psi) at the bottom of the tank is most nearly

A. 5.4

B. 20.2

C. 26.8

D. 27.2

 
 

2. An open tank contains brine to a depth of 2 m and a 3-m layer of oil on top of the brine. Density of brine is 1,030 kg/m 3 and the density of oil is 880 kg/m 3. The gage pressure (kPa) at the bottom of the tank is most 

nearly

A. 4.7

B. 20.2

C. 25.6

D. 46.1

 
 

3. The figure shows two cylinders of diameter D and 2D, connected to each other and containing an incompressible fluid. The two cyl inders are fitted with leak-proof pistons of weight W 1 and W2 as shown. Which of 

the following is a correct expression? 
 

A. W2 = W1/2

B. W2 = W1

C. W2 = 2 W1

D. W2 = 4 W1

 
 

4. The figure shows the relationship between shear stress and velocity gradient for two fluids, A and B. Which of the following is a true statement? 
 

 

http://higheredbcs.wiley.com/legacy/college/munson/0471675822/fe_examqu/fe_exam.html  (1 of 24)8/27/2007 11:03:24 PM
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A. Absolute viscosity of A is greater than that of B

B. Absolute viscosity of A is less than that of B

C. Kinematic viscosity of A is greater than that of B

D. Kinematic viscosity of A is less than that of B

 
 

5. A flat plate is sliding at a constant velocity of 5 m/s on a large horizontal table. A thin layer of oil (of absolute viscosity = 0.40 N-s/m2) separates the plat from the table. To limit the shear stress in the oil layer to 1 

kPa, the thickness of the oil film (mm) should be most nearly

A. 0.2

B. 1.6

C. 2.0

D. 3.5

 
 

6. A 2-in. diameter shaft is supported by two sleeves, each of length = 2 in. as shown. The internal diameter of the sleeves is 2.1  in. The radial space between the shaft and the sleeves is filled with an oil of viscosity = 

8x10-3 lb-s/ft2. If the shaft is rotated at a speed of 600 rpm, the viscous torque (ft-lb) on the shaft is most nearly

A. 0.15

B. 0.64

C. 3.20

D. 6.40

 
 

7. A 2-in. diameter cylinder is floating vertically in seawater with 75% of its volume submerged. If the specific gravity of seawat er is 1.03, the specific weight (lb/cu ft) of the cylinder is most nearly

A. 48.2

B. 64.2

C. 83.2

D. 85.7

 
 

8. A clean glass tube is to be selected in the design of a manometer to measure the pressure of kerosene. Specific gravity of keros ene = 0.82 and surface tension of kerosene = 0.025 N/m. If the capillary rise is to be 

limited to 1 mm, the smallest diameter (cm) of the glass tube should be most nearly

A. 1.25

B. 1.50

C. 1.75

D. 2.00

 
 

http://higheredbcs.wiley.com/legacy/college/munson/0471675822/fe_examqu/fe_exam.html  (2 of 24)8/27/2007 11:03:24 PM
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D. 

Kinematic viscosity of A is less than that of B

 
 

Hint: By definition, absolute viscosity   

Thus, slope of the lines in the plot is absolute viscosity. 

Kinematic viscosity = absolute viscosity/density. 
 
Solution: Since the slope of the line for A is greater than that for B, viscosity of A is greater than that of B.  
 
Therefore, the key is (A).

 
 

5. A flat plate is sliding at a constant velocity of 5 m/s on a large horizontal table. A thin layer of oil (of absolute viscosity = 0.40 N-s/m2) separates the plat from the table. To limit the shear stress in the oil layer to 1 

kPa, the thickness of the oil film (mm) should be most nearly

 
A. 

0.2

 
B. 

1.6

 
C. 

2.0

 
D. 

3.5

 
 

Hint: By definition, absolute viscosity, µ   

where, velocity gradient = DU/d, DU = difference in velocity across the oil film; and  

d = the thickness of the oil film. 
 
Solution: DU = (5 – 0) m/s = 5 m/s 

Hence,   
 
Therefore, the key is (C).

 
 

6. A 2-in. diameter shaft is supported by two sleeves, each of length = 2 in. as shown. The internal diameter of the sleeves is 2.1  in. The radial space between the shaft and the sleeves is filled with an oil of viscosity = 

8x10-3 lb-s/ft2. If the shaft is rotated at a speed of 600 rpm, the viscous torque (ft-lb) on the shaft is most nearly

 
A. 

0.15

 
B. 

0.64

 
C. 

3.20

 
D. 

6.40

 
 

Hint: Torque, T = (Shear force, F) x (Radius, R) 

Shear force = (Shear stress, t) x (Area, A) 

Shear stress, t = µ dU/dy 
 
Solution:    DU/Dy = R1w/(R2 – R1) 

      = {(1/12 ft) (600 x 2p/60)}/(1.05/12 – 1.0/12)= 1256.64 s-1 

      Shear stress, t = (8x10-3 lb-s/ft2)(1256.64 s-1)= 10.05 lb/sq ft 

      Shear force per sleeve = t x A = t x [(2pR1)(L)]  

http://higheredbcs.wiley.com/legacy/college/munson/0471675822/fe_examqu/fe_exam.html  (3 of 44)8/27/2007 11:04:39 PM
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6. A 2-in. diameter shaft is supported by two sleeves, each of length = 2 in. as shown. The internal
diameter of the sleeves is 2.1 in. The radial space between the shaft and the sleeves is filled with an

oil of viscosity = 8x10-3 lb-s/ft2. If the shaft is rotated at a speed of 600 rpm, the viscous torque (ft-lb)
on the shaft is most nearly

A. 0.15

B. 0.64

C. 3.20

D. 6.40

7. A 2-in. diameter cylinder is floating vertically in seawater with 75% of its volume submerged. If the
specific gravity of seawater is 1.03, the specific weight (lb/cu ft) of the cylinder is most nearly

A. 48.2

B. 64.2

C. 83.2

D. 85.7

8. A clean glass tube is to be selected in the design of a manometer to measure the pressure of kerosene.
Specific gravity of kerosene = 0.82 and surface tension of kerosene = 0.025 N/m. If the capillary rise
is to be limited to 1 mm, the smallest diameter (cm) of the glass tube should be most nearly

A. 1.25

B. 1.50

C. 1.75

D. 2.00

9. An object weighs 275 N when fully immersed in water and 325 N when fully immersed in oil of

specific gravity 0.9. The volume of the object (m3) is most nearly

A. 0.02

B. 0.05

C. 0.20

D. 0.50

10. A block of volume V and specific gravity, SG, is anchored by a light cable to the bottom of a lake as
shown. If the specific weight of the water in the lake is gw, the tension, T, in the cable is given by

A.

B.

C.

D.

11. When a uniform flat plate is placed horizontally at a depth of h as shown in Figure 1, the magnitude
of the force exerted by the fluid on the plate is 20 kN. When this plate is tilted about its center of
gravity through 30º as shown in Figure 2, the magnitude of the force (kN) exerted by the fluid on the
plate is most nearly

A. 20 sin 30

B. 20 cos 30

C. 20 tan 30
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3/ 19/ 11 12:26 PM2.6 Manometry  (Reading content)
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V2.2 Blood pressure

measurement

Thus, for a given pressure the height, , is governed by the specific weight, , of the gage fluid used in the

manometer. If the pressure  is large, then a heavy gage fluid, such as mercury, can be used and a reasonable
column height (not too long) can still be maintained. Alternatively, if the pressure  is small, a lighter gage

fluid, such as water, can be used so that a relatively large column height (which is easily read) can be achieved.

FIGURE  2 .10    Simple U-tube manometer.

EXAMPLE 2.4

Sim ple U-Tube Manometer

GIVEN A closed tank contains compressed air and oil (SGoil = 0.90) as is shown in Fig. E2.4. A U-

tube manometer using mercury (SGHg = 13.6) is connected to the tank as shown. The column

heights are  = 36 in.,  = 6 in., and  = 9 in.

FIND Determine the pressure reading (in psi) of the gage.

3/ 19/ 11 12:26 PM2.6 Manometry  (Reading content)
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COMMENTS Note that the air pressure is a function of the height of the mercury in the
manometer and the depth of the oil (both in the tank and in the tube). It is not just the mercury in
the manometer that is important.

Assume that the gage pressure remains at 3.06 psi, but the manometer is altered so that it contains
only oil. That is, the mercury is replaced by oil. A simple calculation shows that in this case the
vertical oil-filled tube would need to be  = 11.3 ft tall, rather than the original  = 9 in. There is

an obvious advantage of using a heavy fluid such as mercury in manometers.

Manometers are often used to measure the

difference in pressure between two points.

The U-tube manometer is also widely used to measure the difference in pressure between two containers or two

points in a given system. Consider a manometer connected between containers A and B as is shown in Fig. 2.11.
The difference in pressure between A and B can be found by again starting at one end of the system and working
around to the other end. For example, at A the pressure is  , which is equal to , and as we move to point (2)

the pressure increases by . The pressure at  is equal to , and as we move upward to point (4) the

pressure decreases by . Similarly, as we continue to move upward from point (4) to (5) the pressure

decreases by . Finally,  =  , since they are at equal elevations. Thus,

Or, as indicated in the figure in the margin, we could start at B and work our way around to A to obtain the same
result. In either case, the pressure difference is

When the time comes to substitute in numbers, be sure to use a consistent system of units!

FIGURE  2 .11    Differential U-tube manometer.

Capillarity due to surface tension at the various fluid interfaces in the manometer is usually not considered, since
for a simple U-tube with a meniscus in each leg, the capillary effects cancel (assuming the surface tensions and

3/ 19/ 11 12:26 PM2.6 Manometry  (Reading content)

Page 9 of 9http:/ / edugen.wiley.com/ edugen/ shared/ resource/ view_resource.uni?id= rsd5061358

where the contributions of the gas columns  and  have been neglected. Equation 2.16 and the figure in the

margin show that the differential reading 2 (for a given pressure difference) of the inclined-tube manometer can

be increased over that obtained with a conventional U-tube manometer by the factor 1/sin #. Recall that sin # $

0. as # $  0.

FIGURE  2 .12    Inclined-tube manometer.

Copyright © 2009 John Wiley & Sons, Inc. All rights reserved.

Note
: when 1, 3 << 2

e.g.) gas vs. liquid
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3/ 19/ 11 12:26 PM2.8 Hydrostatic Force on a Plane Surface  (Reading content)
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2.8  Hydrostatic Force on a Plane Surface

V2.4 Hoover dam

When a surface is submerged in a fluid, forces develop on the surface due to the fluid. The determination of these
forces is important in the design of storage tanks, ships, dams, and other hydraulic structures. For fluids at rest we
know that the force must be perpendicular to the surface since there are no shearing stresses present. We also

know that the pressure will vary linearly with depth as shown in Fig. 2.16 if the fluid is incompressible. For a
horizontal surface, such as the bottom of a liquid-filled tank (Fig. 2.16a), the magnitude of the resultant force is
simply  = pA, where p is the uniform pressure on the bottom and A is the area of the bottom. For the open tank

shown, p = h. Note that if atmospheric pressure acts on both sides of the bottom, as is illustrated, the resultant
force on the bottom is simply due to the liquid in the tank. Since the pressure is constant and uniformly

distributed over the bottom, the resultant force acts through the centroid of the area as shown in Fig. 2.16a. As
shown in Fig. 2.16b, the pressure on the ends of the tank is not uniformly distributed. Determination of the
resultant force for situations such as this is presented below.

FIGURE  2.16    (a)  Pressure distribution and resultant hydrostatic force on the bottom of an

open tank.

(b)  Pressure distribution on the ends of an open tank.

The resultant force of a static fluid on a plane
surface is due to the hydrostatic pressure

57:020 Fluid Mechanics                                                                 Chapter 2 

Professor Fred Stern    Fall 2008 
20

transfer equation: IAyI
2

o +=  

 

=  moment of inertia with respect to horizontal  

centroidal axis 

 

)IAy(sinAysiny

)IAy(sin)Ap(y

)IAy(sinFy

2

cp

2

cp

2

cp

+ag=ag

+ag=

+ag=

 

 IAyAyy
2

cp +=  

 

   

 

ycp is below centroid by Ay/I  

 

ycp ® y  for large y 

 

For po ¹ 0, y must be measured from an equivalent free 

surface located po/g above y . 

cp

I
y y

yA
= +  

I
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The integral in the numerator is the second moment of the area (moment of inertia), Ix, with respect to an axis

formed by the intersection of the plane containing the surface and the free surface (x axis). Thus, we can write

Use can now be made of the parallel axis theorem to express Ix as

where Ixc is the second moment of the area with respect to an axis passing through its centroid and parallel to the

x axis. Thus,

  (2.19)

As shown by Eq. 2.19 and the figure in the margin, the resultant force does not pass through the centroid but for
nonhorizontal surfaces is always below it, since Ixc/ycA > 0.

The x coordinate,  , for the resultant force can be determined in a similar manner by summing moments about

the y axis. Thus,

3/ 19/ 11 12:26 PM2.8 Hydrostatic Force on a Plane Surface  (Reading content)
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The integral in the numerator is the second moment of the area (moment of inertia), Ix, with respect to an axis

formed by the intersection of the plane containing the surface and the free surface (x axis). Thus, we can write

Use can now be made of the parallel axis theorem to express Ix as

where Ixc is the second moment of the area with respect to an axis passing through its centroid and parallel to the

x axis. Thus,

  (2.19)

As shown by Eq. 2.19 and the figure in the margin, the resultant force does not pass through the centroid but for

nonhorizontal surfaces is always below it, since Ixc/ycA > 0.

The x coordinate,  , for the resultant force can be determined in a similar manner by summing moments about
the y axis. Thus,

3/ 19/ 11 12:26 PM2.8 Hydrostatic Force on a Plane Surface  (Reading content)
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and, therefore,

The resultant fluid force does not pass through
the centroid of the area.

where Ixy is the product of inertia with respect to the x and y axes. Again, using the parallel axis theorem,1 we can

write

  (2.20)

where Ixyc is the product of inertia with respect to an orthogonal coordinate system passing through the centroid of

the area and formed by a translation of the x–y  coordinate system. If the submerged area is symmetrical with
respect to an axis passing through the centroid and parallel to either the x or y axes, the resultant force must lie
along the line x =  , since Ixyc is identically zero in this case. The point through which the resultant force acts is

called the center of pressure. It is to be noted from Eqs. 2.19 and 2.20 that as  increases the center of pressure
moves closer to the centroid of the area. Since  =  /sin ! , the distance  will increase if the depth of

submergence,  , increases, or, for a given depth, the area is rotated so that the angle, ! , decreases. Thus, the

hydrostatic force on the right-hand side of the gate shown in the margin figure acts closer to the centroid of the

gate than the force on the left-hand side. Centroidal coordinates and moments of inertia for some common areas
are given in Fig. 2.18.

3/ 19/ 11 12:26 PM2.8 Hydrostatic Force on a Plane Surface  (Reading content)
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distribution on the surface.

For the more general case in which a submerged plane surface is inclined, as is illustrated in Fig. 2.17, the
determination of the resultant force acting on the surface is more involved. For the present we will assume that
the fluid surface is open to the atmosphere. Let the plane in which the surface lies intersect the free surface at 0

and make an angle !  with this surface as in Fig. 2.17. The x–y  coordinate system is defined so that 0 is the origin
and y = 0 (i.e., the x-axis) is directed along the surface as shown. The area can have an arbitrary shape as shown.
We wish to determine the direction, location, and magnitude of the resultant force acting on one side of this area

due to the liquid in contact with the area. At any given depth, h, the force acting on dA (the differential area of
Fig. 2.17) is dF = h dA and is perpendicular to the surface. Thus, the magnitude of the resultant force can be
found by summing these differential forces over the entire surface. In equation form

where h = y sin ! . For constant  and !

  (2.17)

The integral appearing in Eq. 2.17 is the first moment of the area with respect to the x axis, so we can write

where  is the y coordinate of the centroid of area A measured from the x axis which passes through 0. Equation

2.17 can thus be written as

or more simply as

  (2.18)

The magnitude of the resultant fluid force is
equal to the pressure acting at the centroid of the

area multiplied by the total area.

where  is the vertical distance from the fluid surface to the centroid of the area. Note that the magnitude of the

force is independent of the angle ! . As indicated by the figure in the margin, it depends only on the specific
weight of the fluid, the total area, and the depth of the centroid of the area below the surface. In effect, Eq. 2.18

indicates that the magnitude of the resultant force is equal to the pressure at the centroid of the area multiplied by
the total area. Since all the differential forces that were summed to obtain  are perpendicular to the surface, the

resultant  must also be perpendicular to the surface.

3/ 19/ 11 12:26 PM2.8 Hydrostatic Force on a Plane Surface  (Reading content)
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The integral in the numerator is the second moment of the area (moment of inertia), Ix, with respect to an axis

formed by the intersection of the plane containing the surface and the free surface (x axis). Thus, we can write

Use can now be made of the parallel axis theorem to express Ix as

where Ixc is the second moment of the area with respect to an axis passing through its centroid and parallel to the

x axis. Thus,

  (2.19)

As shown by Eq. 2.19 and the figure in the margin, the resultant force does not pass through the centroid but for
nonhorizontal surfaces is always below it, since Ixc/ycA > 0.

The x coordinate,  , for the resultant force can be determined in a similar manner by summing moments about

the y axis. Thus,
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FIGURE  2 .23    Hydrostatic force on a curved surface.

In order for this force system to be in equilibrium, the horizontal component  must be equal in magnitude and

collinear with , and the vertical component  equal in magnitude and collinear with the resultant of the vertical

forces  and . This follows since the three forces acting on the fluid mass ( , the resultant of  and , and

the resultant force that the tank exerts on the mass) must form a concurrent force system. That is, from the
principles of statics, it is known that when a body is held in equilibrium by three nonparallel forces, they must be
concurrent (their lines of action intersect at a common point), and coplanar. Thus,

and the magnitude of the resultant is obtained from the equation

The resultant  passes through the point O, which can be located by summing moments about an appropriate

axis. The resultant force of the fluid acting on the curved surface BC is equal and opposite in direction to that

obtained from the free-body diagram of Fig. 2.23c. The desired fluid force is shown in Fig. 2.23d.

EXAMPLE 2.9
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Buoyancy 
 

Archimedes Principle 

 

 

FB  =  Fv2 � Fv1 

    

      = fluid weight above Surface 2 (ABC)  

� fluid weight above Surface 1 (ADC) 

 

      = fluid weight equivalent to body volume V 

 

FB = rgV    V = submerged volume 

 

Line of action is through centroid of V = center of 

buoyancy 

 

Net Horizontal forces are zero since 

  FBAD = FBCD 

3/ 19/ 11 12:53 PMJustAsk
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A. 0.98

B. 1.37

C. 98

D. 137

16. A manometer is being used as shown to measure the pressure in a pressurized tank. The tank is
partially filled to a depth of 25 cm with a fluid of specific gravity (SG) = 0.78. The specific gravity
(SG) of the manometric gage fluid is 3.5. The gage pressure in the headspace (kPa) when h = 8 cm is
most nearly

A. 0.02

B. 0.22

C. 2.21

D. 22.15

17. An inclined-tube manometer is being used as shown to measure the pressure in a pressurized tank.
The tank is partially filled to a depth of 20 cm with a fluid of specific gravity = 0.78. The specific
gravity of the manometric gage fluid is 3.5. The gage pressure in the headspace (kPa) when h = 8 cm
is most nearly

A. 0.3

B. 0.9

C. 1.2

D. 1.8

18. For a body partially submerged in a fluid and at equilibrium, which of the following is a true
statement?

A. The weight of the body is equal to the weight of the volume of fluid displaced

B. The weight of the body is less than the weight of the volume of fluid displaced

C. The weight of the body is greater than the weight of the volume of fluid displaced

D. The specific gravity of the body is greater than the specific gravity of the fluid

19. An open separation tank contains brine to a depth of 2 m and a 3-m layer of oil on top of the brine.
A uniform sphere is floating with at the brine-oil interface with 80% of its volume submerged in

brine. Density of brine is 1,030 kg/m3 and the density of oil is 880 kg/m3. The density of the sphere

(kg/m3) is most nearly

A. 825

B. 910

C. 955

D. 1,000

20. At a certain section in a pipeline, a reducer is used to reduce the diameter from 2D gradually to
diameter D. When an incompressible fluid flows through this pipeline, the velocity is U1 in the first
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FIGURE  3 .18    Typical devices for measuring flowrate in pipes.

We assume the flow is horizontal (  = ), steady, inviscid, and incompressible between points (1) and (2). The
Bernoulli equation becomes

(The effect of nonhorizontal flow can be incorporated easily by including the change in elevation,  "  , in the
Bernoulli equation.)

The flowrate varies as the square root of the
pressure difference across the flow meter.

If we assume the velocity profiles are uniform at sections (1) and (2), the continuity equation (Eq. 3.19) can be
written as

where  is the small (  < ) flow area at section (2). Combination of these two equations results in the

following theoretical flowrate

  (3.20)

Thus, as shown by the figure in the margin, for a given flow geometry (  and ) the flowrate can be

determined if the pressure difference,  "  , is measured. The actual measured flowrate, Qactual, will be smaller
3/ 19/ 11 12:28 PM3.6 Examples of Use of the Bernoulli Equation  (Reading content)
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than this theoretical result because of various differences between the “real world” and the assumptions used in

the derivation of Eq. 3.20. These differences (which are quite consistent and may be as small as 1 to 2% or as
large as 40%, depending on the geometry used) can be accounted for by using an empirically obtained discharge
coefficient as discussed in Section 8.6.1.

EXAMPLE 3.11

Ventur i  Meter

GIVEN Kerosene (SG = 0.85) flows through the Venturi meter shown in Fig. E3.11a with

flowrates between 0.005 and 0.050 m3/s.

FIGURE  E3.11A    

FIND Determine the range in pressure difference,  "  , needed to measure these flowrates.

SOLUTION

If the flow is assumed to be steady, inviscid, and incompressible, the relationship between flowrate
and pressure is given by Eq. 3.20. This can be rearranged to give

With the density of the flowing fluid

and the area ratio

the pressure difference for the smallest flowrate is
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F IGURE  3 .12    Horizontal flow from a tank.

If the exit is not a smooth, well-contoured nozzle, but rather a flat plate as shown in Fig. 3.13, the diameter of the

jet, dj, will be less than the diameter of the hole, dh. This phenomenon, called a vena contracta effect, is a result

of the inability of the fluid to turn the sharp 90° corner indicated by the dotted lines in the figure.

FIGURE  3 .13    Vena contracta effect for a sharp-edged orifice.

Since the streamlines in the exit plane are curved (  < ! ), the pressure across them is not constant. It would

take an infinite pressure gradient across the streamlines to cause the fluid to turn a “sharp” corner (  = 0). The

highest pressure occurs along the centerline at (2) and the lowest pressure,  =  = 0, is at the edge of the jet.

Thus, the assumption of uniform velocity with straight streamlines and constant pressure is not valid at the exit
plane. It is valid, however, in the plane of the vena contracta, section a–a. The uniform velocity assumption is
valid at this section provided dj  h, as is discussed for the flow from the nozzle shown in Fig. 3.12.

The diameter of a fluid jet is often smaller than
that of the hole from which it flows.

The vena contracta effect is a function of the geometry of the outlet. Some typical configurations are shown in
Fig. 3.14 along with typical values of the experimentally obtained contraction coefficient,  = Aj/Ah, where Aj

and Ah are the areas of the jet at the vena contracta and the area of the hole, respectively.
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B. Friction factor will decrease with increase of Reynolds Number

C. Friction factor is independent of Reynolds Number

D. Friction factor is independent of relative roughness

30. The figure shows the energy grade line when lubricating oil (specific gravity = 0.92 and viscosity =

3.8x10-1 Pa-s) is flowing under laminar conditions through a horizontal pipe. If the flow rate is 0.15

m3/min, the diameter of the pipe (cm) is most nearly

A. 8

B. 10

C. 12

D. 15

31. Ethyl alcohol (specific gravity = 0.79 and viscosity = 1.19x10-3 Pa-s) is flowing through a 25-cm

diameter, horizontal pipeline. When the flow rate is 0.5 m3/min, the Reynolds Number is most nearly

A. 28,158

B. 31,424

C. 35,597

D. 42,632

32. Considering the flow of an incompressible fluid through a horizontal pipe, which of the following is
a correct statement?

A. The energy grade line is always parallel to the centerline of the pipeline

B. The energy grade line is always above the hydraulic grade line

C. The energy grade line is always horizontal

D. The energy grade line is always parallel to the hydraulic grade line

33. The schematic of a pumping system to pump water from a canal to an overhead storage tank is

shown. At the design pumping rate of 0.5 m3/min, the total head loss of the system is 10% of the
total static head. The power added by the pump (kW) is most nearly

A. 1.0

B. 1.5

C. 2.0

D. 3.0

34. The schematic of a pumping system to pump water from a canal to an overhead storage tank is
shown. The total head loss of the system is to be 10% of the total static head. If the pump is powered
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64. The figure shows a system for pumping water from a canal to an overhead tank. At a flow rate of 10

m3/s, the major head loss in the system is 15 m and the minor head loss is 4 m. Pump curves for four
models of pumps are also shown.

   

A. Model A

B. Model B

C. Model C

D. Model D

65. An impulse turbine is to be used at a hydroelectric power plant. The nozzle diameter is 25 cm. If the

water flow rate is 5 m3/s, the maximum power (MW) that can be produced by this turbine is most
nearly

A. 2

B. 6

C. 12

D. 26

66. The hydraulic diameter of a circualr sewer flowing half-full is equal to

A. half its diameter

B. its diameter

C. double its diameter

D. # times its diameter

67. The drag coefficient for a car with a frontal area of 28 ft2 is 0.32. Assuming the density of air to be

2.4x10-3 slugs/ft3, the drag force (lb) on this car when driven at 60 mph against a head wind of 20
mph is most nearly

A. 37

B. 83

C. 148

D. 185

68. The drag coefficient for a car with a frontal area of 26 ft2 is being measured in a 8 ft x 8ft wind

tunnel. The density of air under the test conditions is 2.4x10-3 slugs/ft3, When the air flow rate is,

500,000 ft3/min, the drag force on the car was measured to be 170 lb. The drag coefficient under the
test conditions is most nearly

A. 0.28

B. 0.30

C. 0.32

D. 0.34

69. A manometer is connected across the tapering section of a pipeline as shown. The specific gravity of
the manometric fluid is 1.8 and the specific gravity of the fluid flowing through the pipe is 0.72.
When the velocity at section 1-1 is 3 m/s, the manometric deflection, h = 6 cm. Ignoring all losses,
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section and U2 in the second section. Which of the following is a true conclusion?

A. U2 = 4U1

B. U2 = 2U1

C. U2 = U1/2

D. U2 = U1/4

21. When a Newtonian fluid flows under steady, laminar condition through a circular pipe of constant
diameter, which of the following is NOT a correct conclusion?

A. The shear stress at the centerline of the pipe is zero

B. The maximum velocity at a section is twice the average velocity at that section

C. The velocity will decrease along the length of the pipe

D. The velocity gradient at the centerline of the pipe is zero

22. A Newtonian fluid flows under steady, laminar conditions through a circular pipe of diameter 0.16 m

at a volumetric rate of 0.05 m3/s. Under these conditions, the maximum local velocity (m/s) at a
section is most nearly

A. 2.0

B. 2.5

C. 3.0

D. 5.0

23. A 5-cm diameter pipeline is delivering water from a storage tank to an open canal. The water level in
the storage tank can be assumed to be at a constant height of 12 m above the discharge point.

Ignoring all losses, the discharge (m3/min) under these conditions is most nearly

A. 0.03

B. 1.80

C. 7.35

D. 15.34

24. A 5-cm diameter pipeline is delivering water from a storage tank to an open canal. The water level in
the storage tank can be assumed to be at a constant height of 12 m above the discharge point.
Ignoring all losses, the Reynolds Number in the pipeline under these conditions is most nearly

A. 8.6 x 104

B. 8.6 x 105

C. 8.6 x 106

D. 8.6 x 107

25. The figure shows a horizontal pipeline with a sudden enlargement. The energy grade line and the
hydraulic grade line under a certain flow of an incompressible fluid are also shown. The ratio of the
diameter downstream to the diameter upstream of the enlargement is most nearly

A. 1.26

B. 1.50

C. 1.68

D. 2.50
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