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Chapter 1
INTRODUCTION AND BASIC CONCEPTS




PROPRIETARY AND CONFIDENTIAL
[bookmark: _GoBack]This Manual is the proprietary property of McGraw-Hill Education and protected by copyright and other state and federal laws. By opening and using this Manual the user agrees to the following restrictions, and if the recipient does not agree to these restrictions, the Manual should be promptly returned unopened to McGraw-Hill Education: This Manual is being provided only to authorized professors and instructors for use in preparing for the classes using the affiliated textbook.  No other use or distribution of this Manual is permitted.  This Manual may not be sold and may not be distributed to or used by any student or other third party.  No part of this Manual may be reproduced, displayed or distributed in any form or by any means, electronic or otherwise, without the prior written permission of McGraw-Hill Education.  

Thermodynamics, Heat Transfer, and Fluid Mechanics

1-1C	Why does a bicyclist pick up speed on a downhill road even when he is not pedaling? Does this violate the conservation of energy principle?

On a downhill road the potential energy of the bicyclist is being converted to kinetic energy, and thus the bicyclist picks up speed.  There is no creation of energy, and thus no violation of the conservation of energy principle.

1-2C	An office worker claims that a cup of cold coffee on his table warmed up to 80°C by picking up energy from the surrounding air, which is at 25°C. Is there any truth to his claim? Does this process violate any thermodynamic laws?

There is no truth to his claim. It violates the second law of thermodynamics.

1-3C	One of the most amusing things a person can experience is that in certain parts of the world, a still car in neutral can go uphill when its brakes are released. Such occurrences are even broadcast on TV. Can this really happen, or is it bad eyesight? How can you verify if a road is really uphill or downhill?

A car going uphill without the engine running would increase the energy of the car, and thus it would be a violation of the first law of thermodynamics. Therefore, this cannot happen. Using a level meter (a device with an air bubble between two marks of a horizontal water tube) it can shown that the road that looks uphill to the eye is actually downhill. 

1-4C	How does the science of heat transfer differ from the science of thermodynamics?

Thermodynamics deals with the amount of heat transfer as a system undergoes a process from one equilibrium state to another. Heat transfer, on the other hand, deals with the rate of heat transfer as well as the temperature distribution within the system at a specified time.

1-5C	What is the driving force for (a) heat transfer, (b) electric current, and (c) fluid flow?

(a) The driving force for heat transfer is the temperature difference. (b) The driving force for electric current flow is the electric potential difference (voltage). (a) The driving force for fluid flow is the pressure difference.

1-6C	Why is heat transfer a nonequilibrium phenomenon?

Heat transfer is a non-equilibrium phenomena since in a system that is in equilibrium there can be no temperature differences and thus no heat flow.

1-7C	Can there be any heat transfer between two bodies that are at the same temperature but at different pressures?

No, there cannot be any heat transfer between two bodies that are at the same temperature (regardless of pressure) since the driving force for heat transfer is temperature difference.   



1-8C	Define stress, normal stress, shear stress, and pressure.

Stress is defined as force per unit area, and is determined by dividing the force by the area upon which it acts. The normal component of a force acting on a surface per unit area is called the normal stress, and the tangential component of a force acting on a surface per unit area is called shear stress. In a fluid, the normal stress is called pressure.

Mass, Force, and Units

1-9C	Explain why the light-year has the dimension of length.

In this unit, the word light refers to the speed of light.  The light-year unit is then the product of a velocity and time.  Hence, this product forms a distance dimension and unit.

1-10C	What is the difference between pound-mass and pound-force?

Pound-mass lbm is the mass unit in English system whereas pound-force lbf is the force unit.  One pound-force is the force required to accelerate a mass of 32.174 lbm by 1 ft/s2. In other words, the weight of a 1-lbm mass at sea level is 1 lbf.

1-11C	What is the net force acting on a car cruising at a constant velocity of 70 km/h (a) on a level road and (b) on an uphill road?

There is no acceleration, thus the net force is zero in both cases. 

1-12	What is the weight, in N, of an object with a mass of 200 kg at a location where g = 9.6 m/s2?

The mass of an object is given. Its weight is to be determined.
Analysis Applying Newton’s second law, the weight is determined to be

	

EES (Engineering Equation Solver) SOLUTION
"Given"
m=200 [kg]
g=9.6 [m/s^2]

"Analysis"
W=m*g

1-13E	If the mass of an object is 10 lbm, what is its weight, in lbf, at a location where g = 32.0 ft/s2?

The mass of an object is given. Its weight is to be determined.
Analysis Applying Newton’s second law, the weight is determined to be

	

EES SOLUTION
"Given"
m=10 [lbm]
g=32.0 [ft/s^2]

"Analysis"
W=m*g*Convert(lbm-ft/s^2, lbf)


1-14	The acceleration of high-speed aircraft is sometimes expressed in g’s (in multiples of the standard acceleration of gravity). Determine the upward force, in N, that a 90-kg man would experience in an aircraft whose acceleration is 6 g’s.

The acceleration of an aircraft is given in g’s. The net upward force acting on a man in the aircraft is to be determined.
Analysis From the Newton’s second law, the force applied is

	
EES SOLUTION
"Given"
m=90 [kg]
a=6*g

"Analysis"
g=9.81 [m/s^2]
W=m*a

1-15	The value of the gravitational acceleration g decreases with elevation from 9.807 m/s2 at sea level to 9.767 m/s2 at an altitude of 13,000 m, where large passenger planes cruise. Determine the percent reduction in the weight of an airplane cruising at 13,000 m relative to its weight at sea level.

Gravitational acceleration g and thus the weight of bodies decreases with increasing elevation. The percent reduction in the weight of an airplane cruising at 13,000 m is to be determined. 
Properties The gravitational acceleration g is given to be 9.807 m/s2 at sea level and 9.767 m/s2 at an altitude of 13,000 m.
Analysis Weight is proportional to the gravitational acceleration g, and thus the percent reduction in weight is equivalent to the percent reduction in the gravitational acceleration, which is determined from

	
Therefore, the airplane and the people in it will weight 0.41% less at 13,000 m altitude.
Discussion Note that the weight loss at cruising altitudes is negligible.

EES SOLUTION
"Given"
g_sea=9.807 [m/s^2]
g_plane=9.767 [m/s^2]
altitude=13000 [m]

"Analysis"
Reduction%=(g_sea-g_plane)/g_sea*Convert(,%) "since weight is proportional to the g"



1-16	A 3-kg plastic tank that has a volume of 0.2 m3 is filled with liquid water. Assuming the density of water is 1000 kg/m3, determine the weight of the combined system.

A plastic tank is filled with water. The weight of the combined system is to be determined.
Assumptions The density of water is constant throughout.
Properties The density of water is given to be  = 1000 kg/m3.
Analysis The mass of the water in the tank and the total mass are
mtank  = 3 kg
V = 0.2 m3

H2O

	mw = V = (1000 kg/m3)(0.2 m3) = 200 kg
	mtotal = mw + mtank = 200 + 3 = 203 kg
Thus,

	

EES SOLUTION
"Given"
m_tank=3 [kg]
V=0.2 [m^3]
rho=1000 [kg/m^3]

"Analysis"
m_water=rho*V
m_total=m_water+m_tank
g=9.81 [m/s^2]
W=m_total*g



1-17	A 2-kg rock is thrown upward with a force of 200 N at a location where the local gravitational acceleration is 9.79 m/s2. Determine the acceleration of the rock, in m/s2.

A rock is thrown upward with a specified force. The acceleration of the rock is to be determined.
Analysis The weight of the rock is

	
Stone

Then the net force that acts on the rock is

	
From the Newton’s second law, the acceleration of the rock becomes

	

EES SOLUTION
"Given"
m=2 [kg]
g=9.79 [m/s^2]
F_up=200 [N]

"The weight of the rock is"
W=m*g

"The force balance on the rock yields the net force acting on the rock as"
F_net = F_up - F_down
F_down=W

"The acceleration of the rock is determined from Newton's second law."
F_net=a*m

"To Run the program, press F2 or click on the calculator icon from the Calculate menu."



1-18  [image: ]  Solve Prob. 1–17 using appropriate software. Print out the entire solution, including the numerical results with proper units.

Problem 1-17 is reconsidered. The entire solution by appropriate software is to be printed out, including the numerical results with proper units. 
Analysis The problem is solved using EES, and the solution is given below.  

m=2 [kg]
F_up=200 [N]
g=9.79 [m/s^2]
W=m*g
F_net=F_up-F_down
F_down=W
F_net=m*a
a=90.21 [m/s^2]
F_down=19.58 [N]
F_net=180.4 [N]
F_up=200 [N]
g=9.79 [m/s^2]
m=2 [kg]
W=19.58 [N]

	m [kg]
	a [m/s2]

	1
2
3
4
5
6
7
8
9
10
	190.2
90.21
56.88
40.21
30.21
23.54
18.78
15.21
12.43
10.21


[image: Fig]








1-19	A 4-kW resistance heater in a water heater runs for 3 hours to raise the water temperature to the desired level. Determine the amount of electric energy used in both kWh and kJ.

A resistance heater is used to heat water to desired temperature. The amount of electric energy used in kWh and kJ are to be determined.
Analysis The resistance heater consumes electric energy at a rate of 4 kW or 4 kJ/s. Then the total amount of electric energy used in 3 hours becomes 
Total energy = (Energy per unit time)(Time interval)
		 = (4 kW)(3 h)
		 = 12 kWh
Noting that 1 kWh = (1 kJ/s)(3600 s) = 3600 kJ,
Total energy = (12 kWh)(3600 kJ/kWh)
		 = 43,200 kJ
Discussion Note that kW is a unit for power whereas kWh is a unit for energy.

EES SOLUTION
"Given"
W_dot_e=4 [kW]
time=3 [h]

"Analysis"
Energy=W_dot_e*time
Energy_kJ=Energy*Convert(kWh,kJ)

1-20E	A 150-lbm astronaut took his bathroom scale (a spring scale) and a beam scale (compares masses) to the moon, where the local gravity is g = 5.48 ft/s2. Determine how much he will weigh (a) on the spring scale and (b) on the beam scale.

An astronaut took his scales with him to space. It is to be determined how much he will weigh on the spring and beam scales in space.
Analysis (a) A spring scale measures weight, which is the local gravitational force applied on a body:

	
(b) A beam scale compares masses and thus is not affected by the variations in gravitational acceleration. The beam scale will read what it reads on earth,

	

EES SOLUTION
"Given"
m=150 [lbm]
g_moon=5.48 [ft/s^2]

"Analysis"
W_spring=m*g_moon*Convert(lbm-ft/s^2, lbf)
g_earth=32.174 [ft/s^2]
W_beam=m*g_earth*Convert(lbm-ft/s^2, lbf)




1-21	The gas tank of a car is filled with a nozzle that discharges gasoline at a constant flow rate. Based on unit considerations of quantities, obtain a relation for the filling time in terms of the volume V of the tank (in L) and the discharge rate of gasoline (in L/s).

A gas tank is being filled with gasoline at a specified flow rate. Based on unit considerations alone, a relation is to be obtained for the filling time.
Assumptions Gasoline is an incompressible substance and the flow rate is constant.
Analysis The filling time depends on the volume of the tank and the discharge rate of gasoline.  Also, we know that the unit of time is ‘seconds’.  Therefore, the independent quantities should be arranged such that we end up with the unit of seconds. Putting the given information into perspective, we have


t[s]    [L],  and   [L/s} 
It is obvious that the only way to end up with the unit “s” for time is to divide the tank volume by the discharge rate. Therefore, the desired relation is 


Discussion Note that this approach may not work for cases that involve dimensionless (and thus unitless) quantities.

Solving Engineering Problems and Equation Solvers

1-22C	What is the value of the engineering software packages in (a) engineering education and (b) engineering practice?

Despite the convenience and capability the engineering software packages offer, they are still just tools, and they will not replace the traditional engineering courses. They will simply cause a shift in emphasis in the course material from mathematics to physics. They are of great value in engineering practice, however, as engineers today rely on software packages for solving large and complex problems in a short time, and perform optimization studies efficiently.

1-23  [image: ]  Determine a positive real root of the following equation using appropriate software:
	2x3 – 10x0.5 – 3x = -3
Solution by EES Software (Copy the following line and paste on a blank EES screen to verify solution):
2*x^3-10*x^0.5-3*x = -3
Answer: x = 2.063  (using an initial guess of x = 2)

1-24  [image: ]  Solve the following system of 2 equations with 2 unknowns using appropriate software:
	x3 – y2 = 5.9
	3xy + y = 3.5
Solution by EES Software (Copy the following lines and paste on a blank EES screen to verify solution):
	x^3–y^2=5.9
	3*x*y+y=3.5
Answer: x=1.836   y=0.5378


1-25  [image: ]  Solve the following system of 3 equations with 3 unknowns using appropriate software:
	2x – y + z = 7
	3x2 + 2y = z + 3
	xy + 2z = 4
Solution by EES Software (Copy the following lines and paste on a blank EES screen to verify solution):
	2*x-y+z=7
	3*x^2+2*y=z+3
	x*y+2*z=4
Answer:  x=1.609,  y=–0.9872,  z=2.794

1-26  [image: ]  Solve the following system of 3 equations with 3 unknowns using appropriate software:
	x2y – z = 1
	x – 3y0.5 + xz = – 2
	x + y – z = 2
Solution by EES Software (Copy the following lines and paste on a blank EES screen to verify solution):
	x^2*y-z=1
	x-3*y^0.5+x*z= – 2
	x+y-z=2
Answer:  x=1,  y=1,  z=0



Review Problems

1-27E	The reactive force developed by a jet engine to push an airplane forward is called thrust, and the thrust developed by the engine of a Boeing 777 is about 85,000 lbf. Express this thrust in N and kgf.

The thrust developed by the jet engine of a Boeing 777 is given to be 85,000 pounds. This thrust is to be expressed in N and kgf.
Analysis Noting that 1 lbf = 4.448 N and 1 kgf = 9.81 N, the thrust developed can be expressed in two other units as

Thrust in  N:	

Thrust in  kgf:	

EES SOLUTION
"Given"
Thrust=85000 [lbf]

"Analysis"
Thrust_N=Thrust*Convert(lbf, N)
Thrust_kgf=Thrust_N*(1/9.807) "since 1 kgf = 9.807 N"



1-28	The weight of bodies may change somewhat from one location to another as a result of the variation of the gravitational acceleration g with elevation. Accounting for this variation using the relation g = a − bz where 
a = 9.807 m/s2 and b = 3.32 × 10−6 s−2, determine the weight of an 80-kg person at sea level (z = 0), in Denver 
(z = 1610 m), and on the top of Mount Everest (z = 8848 m).

The gravitational acceleration changes with altitude. Accounting for this variation, the weights of a body at different locations are to be determined.
Analysis The weight of an 80-kg man at various locations is obtained by substituting the altitude z (values in m) into the relation

	
	Sea level:	(z = 0 m): W = 80(9.807-3.32x10-60) = 809.807 = 784.6 N
	Denver:		(z = 1610 m): W = 80(9.807-3.32x10-61610) = 809.802 = 784.2 N
	Mt.Ev.:		(z = 8848 m): W = 80(9.807-3.32x10-68848) = 809.778 = 782.2 N

EES SOLUTION
"Given"
a=9.807 [m/s^2]
b=3.32E-6 [1/s^2]
m=80 [kg]
z1=0 [m]
z2=1610 [m]
z3=8848 [m]

"Analysis"
g1=a-b*z1
W1=m*g1
g2=a-b*z2
W2=m*g2
g3=a-b*z3
W3=m*g3



1-29E	A man goes to a traditional market to buy a steak for dinner. He finds a 12-oz steak (1 lbm = 16 oz) for $5.50. He then goes to the adjacent international market and finds a 300-g steak of identical quality for $5.20. Which steak is the better buy?

A man is considering buying a 12-oz steak for $5.50, or a 300-g steak  for $5.20. The steak that is a better buy is to be determined.
Assumptions The steaks are of identical quality.
Analysis To make a comparison possible, we need to express the cost of each steak on a common basis. Let us choose 1 kg as the basis for comparison. Using proper conversion factors, the unit cost of each steak is determined to be
12 ounce steak:	


300 gram steak:	


Therefore, the steak at the traditional market is a better buy. 

EES SOLUTION
"Given"
m1=12 [oz]
price1=5.50 [$]
m2=300 [g]
price2=5.20 [$]

"Analysis"
UnitCost1=price1/m1*Convert(1/oz, 1/kg)
UnitCost2=price2/m2*Convert(1/g, 1/kg)



1-30E	What is the weight of a 1-kg substance in N, kN, kg·m/s2, kgf, lbm·ft/s2, and lbf?

The mass of a substance is given. Its weight is to be determined in various units.
Analysis Applying Newton’s second law, the weight is determined in various units to be













EES SOLUTION
"Given"
m=1 [kg]

"Analysis"
g=9.81 [m/s^2]
W_1=m*g
W_2=m*g*Convert(N, kN)
W_3=m*g*Convert(kg-m/s^2, N)
W_4=m*g/9.81  "1 kgf = 9.81 N"
W_5=m*g*Convert(kg-m/s^2, lbm-ft/s^2)
W_6=m*g*Convert(kg-m/s^2, lbf)



1-31	Consider the flow of air through a wind turbine whose blades sweep an area of diameter D (in m). The average air velocity through the swept area is V  (in m/s). On the bases of the units of the quantities involved, show that the mass flow rate of air (in kg/s) through the swept area is proportional to air density, the wind velocity, and the square of the diameter of the swept area.

The flow of air through a wind turbine is considered. Based on unit considerations, a proportionality relation is to be obtained for the mass flow rate of air through the blades.
Assumptions Wind approaches the turbine blades with a uniform velocity.

Analysis The mass flow rate depends on the air density, average wind velocity, and the cross-sectional area which depends on hose diameter. Also, the unit of mass flow rate  is kg/s. Therefore, the independent quantities should be arranged such that we end up with the proper unit. Putting the given information into perspective, we have

 [kg/s]   is a function of  [kg/m3], D [m], and V [m/s} 
It is obvious that the only way to end up with the unit “kg/s” for mass flow rate is to multiply the quantities  and V with the square of D. Therefore, the desired proportionality relation is 


or



where the constant of proportionality is C = π/4 so that 
Discussion Note that the dimensionless constants of proportionality cannot be determined with this approach.




1-32	The drag force exerted on a car by air depends on a dimensionless drag coefficient, the density of air, the car velocity, and the frontal area of the car. That is,  Based on unit considerations alone, obtain a relation for the drag force.

[image: ]

A relation for the air drag exerted on a car is to be obtained in terms of on the drag coefficient, the air density, the car velocity, and the frontal area of the car.
Analysis The drag force depends on a dimensionless drag coefficient, the air density, the car velocity, and the frontal area. Also, the unit of force F is newton N, which is equivalent to kgm/s2. Therefore, the independent quantities should be arranged such that we end up with the unit kgm/s2 for the drag force. Putting the given information into perspective, we have
	FD [kgm/s2]  Cdrag [ ], Afront [m2],  [kg/m3], and V [m/s] 
It is obvious that the only way to end up with the unit “kgm/s2” for drag force is to multiply mass with the square of the velocity and the fontal area, with the drag coefficient serving as the constant of proportionality. Therefore, the desired relation is 


Discussion Note that this approach is not sensitive to dimensionless quantities, and thus a strong reasoning is required. 


1-33  Design and Essay Problems
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