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o NCEES develops the examinafior ] e
These examinations measure a candidate’s ability to demonstrate mininum competency in in
practice of engineering and are administered by each NCEES member licet 1sing board.

» NCEES follows the guidelines established in the Standards for Educational and Psychological Testing

oublished by the American Psychological Association. These procedures maximize the faimess and
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o ensure that procedures are followed, NCEES uses exjp
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» NCEES relies on committees composed of proiessional
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repare the examinations. These licensed engineers—who come irom diverse professional backgrounds
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engineers throughout the naiion to

<

: |

including government, industry, private consulting, and academia—supply the content expertise
that is essential in developing examinations.

LICENSURE
The first step on the path to licensure as a professional engineer (P.E.) is to take and pass the
Fundamentals of Engineering (FE) examination. If you are a student or a recent college graduate, you are
well advised to take this step while coursework is still fresh in your mind. After passing the examination,
your state board will designate you an engineer intern (E.L).

To continue the licensure process, typically you must complete 4 years of progressive and verifiable
experience that is acceptable to your licensing board. You should contact your licensing board to ensure
that you are on track to meet their requirements. If you are, you will be approved to take the Principles
and Practice of Engineering (PE) examination. After you pass the PE examination, you may become
licensed as a professional engineer and use the distinguished P.E. designation.

Exam application procedures are available from the individual licensing boards in each state. Requirements
and fees vary among the boards.

SCRIPTION OF E

The purpose of the FE examination is to determine if the examinee has an adequate understanding of basic
science, mathematics, engineering science, engineering economics, and discipline-specific subjects
normally covered in coursework taken in the last 2 years of an engineering bachelor degree program. The
examination identifies those applicants who have demonstrated an acceptable level of competence in these
subjects.

The 8-hour FE examination is a no-choice examination in a multiple-choice format. The examination 1s
administered in two 4-hour sessions. The morning session contains 120 questions, and the afternoon
session contains 60 questions. Each question has four answer options. Numerical questions are posed
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Other Disciplines module in the afternoon.

This book presents a sample examination, which conta; numoer of questions as the actual exam.
By illustrating the general content of the subject areas, t ticulty of the exam questions, and the
format of the exam, the questions should be helpful in ng tor the examination. Solutions are
presented for all the questions. The solution presented may not be the only way to solve the question. The
intent is o demonstrate the typical effort required to solve each question. Bxam questions, content, and
subject matter do change from time to time, so be sure to check the NCEES Web site for current

e
MIormmarion.

ORING

Both sessions of the FE examination are worth the same total number of pois )
weighted at one point for each morning question and two points for each afternoon qwé‘ﬁ@@m
each session, every question has equal weight. Points are not subtracted for incorrect :
Therefore, it is to your advantage to answer every question. Your final score on the examination is
determined by summing the number of points obtained in each session.

One of the most critical considerations in developing and administering examinations is establishing
passing scores that reflect a standard of minimum competency. Before setting a minimum passing score
for a new examination or for the first examination after a change in the specifications or standards,
NCEES conducts studies involving a representative panel of engineers familiar with the examinee
population. This panel uses procedures widely recognized and accepted for occupational licensing
purposes and develops a written standard of minimum competency that clearly articulates what
knowledge is required of engineering interns. Panelists then take the examination, evaluating the
difficulty level of each question in the context of the minimum competency standard. Finally, NCEES
reviews the panel’s work and sets the passing score for the initial exam. For subsequent exams, an equating
method is used to set the passing score. The passing (raw) score is never disclosed.

NCEES does not use a fixed-percentage pass rate. The key issue is whether an individual candidate
meets the standard of minimal competence, not whether the candidate is better or worse than other
candidates. To avoid the confusion that might arise from fluctuations in the passing score, exam resuylts
are reported simply as pass or fail. Some licensing jurisdictions may choose to report exam results of
failing candidates as a scaled score.

The legal authority for making licensure decisions rests with the individual licensing boards and not
with NCEES.
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h@ NCEES Candidate Agreement explains the poli Qi@% procedures, and conditions examinees must
agree to while ﬁgakéz-g an NCEES @Xaﬂﬁma‘a’j@ﬂ, Examinees are required to sign a S’H’E@‘”“’? nt on their
answer sheet before the examination staits to atfi m Maa, they have been provided the NCEES Candidate
Agreement, have read and understand the ma fet eria amd agree to abide by the conditions cited. Lh@S@
conditions apply to all NCEES examinations. A current NCEES Candidate Agreement is available on the
NCEES Web site.

=

Special Accommodations

If you require special accommodations in the test-taking procedure, you should contact your state
licensing board office well in advance of the day of the examination so that appropriate arrangements may
be determined. Only preapproved accommodations are allowed on exam day.

Exam Admission Requirements
For exam admission, examinees must present a current, signed, government-issued photographic
identification (such as a valid state driver’s license or passport). Student IDs are not acceptable. Examinees
must report to the exam site by the designated time. Examinees will not be admitted after the proctor
begins reading the exam instructions.

References N

The FE examination is a closed-book examination. However, since engineers rely heavily on reference
materials, you will be given a copy of the NCEES FE Supplied-Reference Handbook at the exam site.
The Handbook contains formulas and data that examinees cannot reasonably be expected to memorize.
The Handbook does not contain all the information required to answer every question on the exami-
nation. For example, basic theories, formulas, and definitions that examinees are expected to know have
not been included. To familiarize yourself with the content of the Handbook before the examination,
visit the NCEES Web site to purchase or print a copy of the Handbook. You will not be allowed to take
your copy of the Handbook into the examination, you must use the copy provided to you by the proctor in
the exam room.

Prohibited Items
A current list of prohibited items is included in the NCEES Candidate Agr&m@m n the
site. If a prohibited item is found in an examinee’s possession after the exam begins, the item will be

-
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ossessing unauthorized devices or source materials

Surrogate testing or other dishonest conduct
»  Disrupting other examinees
Creating safety concerns
Beginning the exam before the proctor instrucis you to do so
o Failing to cease work on the examination or put down ihe pencil when time is called

s, answers, or other information about the

» Possessing, wpmd,‘m ng, or ES@EM*SHE% exam question
atter the exam administration

'3
examination without authorization before, during, or af

o Communicating with other examinees or with any outside source during the examination by
telephone, personal computer, Internet, or any other means

Exam Results

Examinees are understandably eager to find out how they performed on the examination. To ensure that
the process is fair and equitable to examinees and to maintain the validity of the exam questions, NCEES
uses a rigorous scoring process for each of the NCEES multiple-choice examinations that takes
approximately 12 weeks to complete.

o First, NCEES scans all answer sheets as they are received from the states. Answer sheets are
flagged for review when they are missing critical information, such as the candidate ID number.
The scoring process continues only when these issues are resolved.

o Next, a psychometric analysis is performed on a sample population of answer sheets from each
multiple-choice examination to identify any questions with unusual statistics, which flag the
question for review.

o Then, at least two subject-matter experts who are licensed engineers review the flagged items. In
addition, NCEES reviews all Examinee Comment Forms, and the subject-matter experts consider
comments on the forms about specific exam questions. If the reviews confirm an error in a
question, credit may be given for more than one answer.

o When the analyses and reviews are completed, NCEES revises the answer keys as necessary. The
passing score and the final correct answers for each examination are then used to score all the answer
sheets. Scanners are calibrated before and during scoring. A percentage of the answer sheets are
hand-graded and the results compared to the machine score to ensure accuracy of results.

e Finally, NCEES releases the results to the state boards or testing agencies, who in tum report the
results to examinees.
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Examinees work all quest1
have chosen.

Mathematics 15%
Analytic geometry

Integral calculus

Matrix operations

Roots of equations

Vector analysis

Differential equations

Differential calculus

OEED 0w

Engineering Probability and Statistics 7%
Measures of central tendencies and dispersions (e.g., mean, mode,

standard deviation)

Probability distributions (e.g., discrete, continuous, normal, binomial)

Conditional probabilities

Estimation (e.g., point, confidence intervals) for a single mean

Regression and curve fitting

Expected value (weighted average) in decision-making

Hypothesis testing

>
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Chemistry 9%
Nomenclature

Oxidation and reduction

Periodic table

States of matter

Acids and bases

Equations (e.g., stoichiometry)

Equilibrium

Metals and nonmetals
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Computers
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A. Terminology (e.g., m¢
B. Spreadsheets (e.g., ad
iy, p W1 A% Nl N ANLE ] (eimes AM
| t . iy g eyt
C. dtructured programimi

Public protection issues (e.g., licensing boards)

e

Engineering Econemics

%
'

rate of return)

B. Cost (e.g., incremental, average, sunk, estimating)
C. Analyses (e.g., breakeven, benefit-cost)
D. Uncertainty (e.g., expected value and risk)

Engineering Mechanics (Statics and Dynamics)
A. Statics
Resultants of force systems
Concurrent force systems
Equilibrium of rigid bodies
Frames and trusses
Centroid of area
Area moments of inertia
. Friction
B. Dynamics
1. Linear motion
2. Angular motion
3. Mass moments of inertia
4. Impulse and momentum applied to:
a. particles
b. rigid bodies
5. Work, energy, and power as applied to:
a. particles
b. rigid bodies
6. Friction

N U s W

Discounted cash flow (e.g., equivalence, PW, equivalent annual FW,

o)
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2. FElectrical

3. Mechanical

4. Physical

Corrosion mechanisms and control
Materials

1. Engineered materials

2. Ferrous metals

3. Nonferrous metals

)
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Fluid Mechanics

Flow measurement

Fluid properties

Fluid statics

Energy, impulse, and momentum equations
Pipe and other internal flow

woaw >

Electricity and Magnetism

Charge, energy, current, voltage, power

Work done in moving a charge in an electric field
(relationship between voltage and work)

Force between charges

Current and voltage laws (Kirchhoff, Ohm)
Equivalent circuits (series, parallel)

Capacitance and inductance

Reactance and impedance, susceptance and admittance
AC circuits

Basic complex algebra
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THE MORNING SAMPLE EXAMINATION CONTAINS 60 QUESTIONS,
HALF THE NUMBER ON THE ACTUAL EXAMINATION.
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(A)
(B)

©
(D)

@fﬁm& ying is the general solution to the differential equation and boundary
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e A particle traveled in a Sﬁcfazg h n such a way that its distance S from a given point on that

ne
line after time 7 was S =207 — £ Th rate of change of acceleration at time # = 2 1s:

L 72
(B) 144
C) 192

(D) 208




6. If 1’ denotes the derivative of a function of y = f{x), then f”(x) is defined by:
(A) lim £
Ay—0 Ay
. A
(B) lim =
Ay—0 Ay
x+ Ax)—f(x)
©) lim /( )
Ax—0 A}‘f
N x— Ax)+ f(x
D) g L AN
Ay—>0 Ay
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You wish to estimate the mean M of a population from a sample of size n drawn from the
population. For the sample, the mean is x and the standard deviation is 5. The probable accuracy

of the estimate improves with an increase in:

(&)
(B)
(©
D)

M
7
s

M+s
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0.67 M
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0.33 M

(A)
(B)

(©)

(D)

==

N




2
i,
¥

=

1.

[N

S

-

-

[ PPy I P | SN
1.0 normal A1 solution

Consider the following equation:

[CI[D’

K=
[A]"[B]

The equation above is the formulation of the chemical equilibrium constant equation for which of
the following reactions?

(A)
(B)
(©
D)

Cy+Dy<> As+ B
4A+B <« 2C+2D
AC+2D < 2A+B
Ay+B—C+Dy




A4+ $A$4. This formula 18

most nearly

s set to 6. Then AS is set to

number shown

1

In a spreadsheet, the number in Cell A4

20,

o
o

Cell A7 is

B

m

The

\6 and A7.

A

into Cells

copied

(A)
(B)

24
36
216

(©
(D)
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(A) S=1+ZT+27ZT+37ZT+...+NZT

B A N R 1Y,
(B) S=1+ZT+=7ZT+=ZT+.. . +| — |Z1
2 3 N

(D) S=l+—F—+—+...+|—

In a spreadsheet, Row 1 has the numbers 2, 4, 6, 8, 10, ..., 20 in Columns A-J, and Row 2 has
the numbers 1,3, 5,7, 9, ..., 19 in the same columns. All other cells are zero except for Cell D3,
which contains the formula; D1 + D$1*D2. This formula has been copied into cells D4 and D5.
The number that appears in cell D4 is most nearly:

(A) 3
(B) 64
Q) 519
(D) 47216
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As a professional engineer originally licensed 30 years ago, you are asked to evaluate a newly
developed computerized control system for a public transportation system. You may accept this
project if:

(A)  youare competent in the area of modern control systems

(B)  your professional engineering license has not lapsed

(C)-  your original area of specialization was in transportation systems

(D) youhave regularly attended meetings of a professional engineering society
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(A) o, because an engineer may not accept a contract to coordinate a project with othes
professional firms providing capabilities and services that must be provided by hired

(B)  Yes, if your remaining consortium members hire a few new lower-cost employees to do the
special work that would have been provided by the consortivm member that has been
dropped

(C)  No, not EE m@ owner 18 i@ﬁ with the impression that the consortium is still fully qualified to

W) ) i 1

in accepting an assignment to coordinaie the project, a single person will sign and
11 the documents for the entire work of the consortium.

=)

You are a student and have an on-site job interview with Company A. Just before you fly to the
interview, you get a call from Company B asking you to come for an on-site interview at their
offices in the same city. When you inform them of your interview with Company A, they suggest
you stop in after that. Company A has already paid for your airfare and, at the conclusion of your
interview with them, issues you reimbursement forms for the balance of your trip expenses with
instructions to file for all your trip expenses. When you inform them of your added interview
stop at Company B, they tell you to go ahead and charge the entire cost of the trip to Company
A. You interview with Company B, and at the conclusion, they give you travel reimbursement
forms with instructions to file for all your trip expenses. When you inform them of the
instructions of Company A, they tell you that the only expenses requiring receipts are airfare and
hotel rooms, so you should still file for all the other expenses with them even if Company A is
paying for it because students always need a little spending money. What should you do?

(A)  Try to divide the expenses between both firms as best you can.
(B) Do as both recruiting officers told you. It is their money and their travel policies.

(C)  Tile for travel expenses with only one firm.

(D)  Tell all your classmates to sign up to interview with these firms for the trips.

N TO THE
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The need for a large-capacity water supply system is forecast to occur 4 years from now. At that
time, the system required is estimated to cost $40,000. If an account eams 12% per year
compounded annually, the amount that must be placed in the account at the end of each year in
order to accumulate the necessary purchase price is most nearly:

(A)  $8,000
B)  $8,370
©  $9,000
(D)  $10,000
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(A)  $450
(B) 3361
(C)  $320
D) $226

You must choose between four pieces of comparable equipment based on the cash flows given
below. All four pieces have a life of 8 years.

e e Equipment
Parameter A B C D
First cost $25,000 $35,000 $20,000 $40,000

Annual costs $8,000 $6,000 $9,000 $5,000
Salvage value |  $2,500 $3,500 $2,000 $4.000

The discount rate is 12%. Ignore taxes. The most preferable top two projects and the difference
between their present worth values are most nearly:

(A) AandC, $170
(B) BandD,$170
©) A and C, $234
(D) BandD, $234
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In the figure below, Block A weighs 50 N, Block B weighs 80 N, and Block C weighs 100 N.
The coefficient of friction at all surfaces is 0.30. The maximum force F (IN) that can be applied to
Block B without disturbing equilibrium is most nearly:

CABLE
(A) 15
(B) 54 A -—~/-~E
() 69 F < B -
(D) 84 C

ATTUTTET VRV
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(A)  cantilever beam
(73’\ afoyte <7 4 ! ot Mt b e
(g stalically Imdacterminate bearn
() simply supporied beam
o) Imply supporiec d
™, e . 7§m y 1 5
(D)  continuously loaded beam

The shear diagram for a particular beam is shown below. All lines in the diagram are straight.
The bending moment at each end of the beam is zero, and there are no concentrated couples
along the beam. The maximum magnitude of the bending moment (KN-m) in the beam is most
nearly:

(A) 8 10m — 4 1 —
(B) 16 |
(@) 18 A 6 ) ,
D) 26 SHEAR
(kIN) 0
4
2l |y
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323.0 x 107

840 kIN/m”,
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The Euler formula for columns deals with:

(A)
(B)
©)
D)

relatively short columns
shear stress
tensile stress

elastic buckling

If the allowable shearing siress parallel to the
) transmitted by a 200-mm-diameter shafi with
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(A) hot working
(B) strain aging

.y 717 PSR
(C) grain growth
(D)  cold working

In general, a metal with high hardness will also have:

(A)  good formability
(B)  high impact strength
(C)  high electrical conductivity

(D)  high yield strength

Glass is said to be an amorphous material. This means that it:

(A)  has a high melting point
(B) is asupercooled vapor
(C)  has large cubic crystals

(D)  has no apparent crystal structure

[
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(A) I e copper wire o
[

The rectangular homogeneous gate shown below is 3.00 m high x 1.00 m wide and has a friction-
the 0. 1 ¢ left side of the gate has g density of 1,600 kg/m’, the
magnitude of the force I (kN) required to keep the gate closed is most nearly:

(&) 0
B) 22
© 24

(D) 220
3.00m

7 /s

FRICTIONLESS
HINGE
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(D)
A horizontal jet of water (density = 1,000 kg/m®) is deflected perp@p@ggu%m 'y to the original jet
stream by a p’ia e as shown below. The magnitude of force F (kIN) required to fﬁ_ old the plate in

place is most nearly:

B) 9.0

(©) 45.0 _ JET AREA = 0.01 m?
(D)  90.0 JET SPEED = 30 m/s

) 45 JET J
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0.40
0.20

20.0
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(B)
©)
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a power 1

\ with

a

1s 1,500 V2

X power 1
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(VAR) is most nearly

(A)
(B)
(©)
D)

0

750
1,300
1,500
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An insulated tank contains half liquid and half vapor by volume in equilibrium. The release of a
small quantity of the vapor without the addition of heat will cause:

(A)  evaporation of some liquid in the tank

(B)  superheating of the vapor in the tank

(C)  arise in temperature

(D) an increase in enthalpy

58.  The heat transfer during an adiabatic process is:

(A)  reversible

(B)  irreversible

(C)  dependent on temperature
(D)  =zero
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Reter to Ditferential Equations in the Mathematics section of the FE S upplied-Reference Handbook.

t - L
y=~Ce wherea=a and a=>5 for this problem

C 1s determined from the boundary condition.

THE CORRECT ANSWER IS: (B)
Refer to Differential Equations in the Mathematics section of the FE Supplied-Reference Handbook.
The characteristic equation for a second-order linear homogeneous differential equation 1s:
Ft+ar+b=0
In this problem, D? + 4D + 4 = 0, so:
a=4and b=4
In solving the characteristic equation, it is noted that there are repeated real roots: r{ =, = -2

Because a” = 4b, the solution for this critically damped system is:

() = (Ci + Cox) €

THE CO

RRECT ANSWER IS: (D)
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THE CORRECT ANSWER IS: (A)
~ Pd

The cross product of vectors A and B is a vector perpendicular to A and B.

U

1
2 4 0|=1(-4)-j(-2-0)+k(Z-4)=-4i+2]-2k
I -1

Commsl 0

P

To obtain a unit vector, divide by the magnitude.

Magnitude = “a/ (— 4}2 +27 ¢ (—~2)2 =24 =26

—4i+2j-2k  —2i+j-k

N

RECT ANSWER IS: (C)

0. Refer to Differential Calculus in the Mathematics section of the FE Supplied-Reference Handbook.

THE CORRECT ANSWER IS: (C)
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THE CORRECT ANSWER IS: (A)
é%@
X
y=-x
Y=
y=-2x+1

From graph one, the intersection is at (0, 0), so Options (C) and (D) are incorrect.

Also, the second intersection is at (1, —1), so the vertices are at (0, 0), g;? % , (1, -1).

THE CORRECT ANSWER IS: (A)




10. Accuracy increases with increasing sample size.

THE CORRECT ANSWER IS: (B)

11.  The key word is OR. What is the probability that the number is odd OR greater than 80? Refer
to Property 2 given under Laws of Probability in the Engineering Probability and Statistics
section of the F'E Supplied-Reference Handbook.

P(4 + B) = P(4) + P(B) — P(4,B)

Event A4 is removing a ball with an odd number.
P(A)=50/100=0.5

Event B is removing a ball with a number greater than 80.
P(B)=20/100=0.2

Event 4,B is removing a ball with an odd number that is greater than 80.

There are ten such balls.
P(4,B)=10/100=0.1

Also  P(4,B)=P(A) x P(B) =05 x0.2=0.1
P(A+B)=05+02—(0.5x0.2)=0.6

CT ANSWER IS: (C)

477
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From the Unit Normal Distribution table in the Engineering Probability and Statistics section of
the I'E Supplied-Reference Handbook,

Forx =3, R(x) = 0.0013

ECT ANSWER IS: (A)

14. Py=nRT

(1) = (1)(0.08206)(546)
v=44 8L

THE CORI

ECT ANSWER IS: (D)

2 moles of As x 75 g/mole of As =150 g of As

THE COR

ECT ANSWER IS: (C)
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The molecular weight of NaOH is 40 g; therefore, 4 g/L of NaOH will form 1 L of 0.1 normal
NaOH solution. One liter of 0.1 normal HCI solution is required to neutralize the NaOH

THE CORRECT

Refer to the Chemistry section of the FE Supplied-Reference Handbook for the equilibrium constant
of a chemical reaction. |

4A + B« 2C+2D

THE CORRECT ANSWER IS: (B)

Step VAR
0
2
4

4 6
EXIT LOOP

At the conclusion of the routine, VAR = 6.

THE COI

CT ANSWER IS: (D)




Row Column A Value of A
/j - @
5 Z‘L’% + fgﬁ_fgal E//?
6 A5+ $SAS4 18
7 A6+ $AS4 24

Step Variables
Z N T K S
1 y4 N
2 z N 1
3 z N 1 1 1
Z N 7z 1 1
Z 1 1+7
(NEXT )
z? 2 1+ Z+ 722
2 2
(NEXT K)
z’ 3 1+ 7+ 7*
2)3) 2+ 77 |
2)(3)
(NEXT K)
z' 4 1+Z+ 27

(2)3) + 7
(2)(3)(4)

2 3 4 N

: Z
. The sequence is: S=1 + Z + = + = + = + o —
20 3t 4] NI

THE COR

RECT ANSWER IS: (D)

L
)




Rows : -
I ' 7 5
1 ) 4 6 8 10
2 1 3 5 7 .
3 64
A 227
4 519
5
D3:DI+D§1L*D2=8+ 8(7) = 64
- - TNy A p 4 e F
D4:-D2+DS1 *D3=7+ 8(64)=519

Refer to the NCEES Rules of Professional Conduct, Section A.4., in the Ethics section of the
FE Supplied-Reference Handbook.

THE CORRECT ANSWER IS: (B)

Refer to the NCEES Rules of Professional Conduct, Section B.1., in the Ethics section of the
FE Supplied-Reference Handbook.

RRECT ANSWER IS: (A)

Refer to the NCEES Rules of Professional Conduct, Section B.3. and Section C.1., in the Ethics
section of the FE Supplied-Reference Handbook.

‘ THE CORRECT ANSWER IS: (A)

 Refer to the NCEES Rules of Professional Conduct, Section B.5. and Section B.6., in the Ethics
section of the FE Supplied-Reference Handbook.

- THE CORRECT ANSWER IS: (A)
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30. 1,000 1,000 1,000

e =

P =-1,100 — 400 (P/F, 12%, 1) + 1,000 (P/F, 12%, 2) + 1,000 (P/F, 12%, 3) + 1,000 (P/F, 12%, 4)

=—1,100 — 400 (0.8929) + 1,000 (0.7972) + 1,000 (0.7118) + 1,000 (0.6355)

A =F (AP, 12%, ¢

/

I
&3
M

26 per year

1]

Fe

THE CORRECT ANSWER IS: (D)

)
25

=

(e

The easiest way to solve this pr oblem is to look at the present worth of each alternative.

The present worth values are all given by
P = TFirst Cost + Annual Cost x (P/4, 12%, 8) — Salvage Value x (P/F, 12%, 8)
= First Cost + Annual Cost x 4.9676 — Salvage Value x 0.4039

Then P(A)=15$63,731
P(B) =$63,392
P(C) =$63,901
P(D) = $63,222

The cash flows are all costs, so the most preferable two projects, those with the lowest present
worth costs, are B and D, and the difference between them is $170.

RRECT ANSWER IS: (B)




\ // __ pV (at impending slip)
T ° ] BT I j ) .
2Fr=0:—mgsmn¢+plV =0 : 3

1 W Y U % \
i g 7‘1 7

P |
= Tai D=L
cos ¢
tan ¢ = 0.25

W
o
N
T
l

THE COI

ECT ANSWER IS: (C)

3
5

{26@)+~§(3@@}:E4@

34. R, =3F,

(26@)
_;51

13

=(300) - 50=370

UJI%J

R.=3F =-

R=\[R2+ R? =[370% + 1402

R=396 N

THE CORRECT ANSWER IS: (D)
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ZF,

100 A
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Ne
Assume Blocks A and C remain stationary.

Ff

e T— X

——=0.3(130)

130

Assume Blocks B and C move.
50

|

' .0.3(50)

F"N
BLOCK B 2

BLOCK C

——=0.3(230)

230

o

- = 54 N where A and C remain stationary.

THE CORRECT ANSWER IS: (B)

2F

= 0=—F"+0.3(50)+0.3(130)
F'=54N

" +0.3(50) +0.3(230)
F"=84N
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Fy=500 sin 30° =250 T
! 10.0 cm
% I
S
E;:; - ;;;l
l 30.0 cm
ere members are aligned as follows
£
C
That is, joints where two members are a long the same line (OA and OC) and the th nfj nember is
at some afbmary mgi@ That member {@ }a az f@g@@ mermber because the forces in OA and
OC must be @qua and opposite.

I

1ately examine Joints B and E:

» D
E:

E

F

BG 15 a zero-force member CE is a zero-force member

Now, examine Joint G. Since BG is zero-force member, the joint effectively looks like:
,C

/

A G F

and, therefore, CG is another zero-force member.

Finally, examine Joint C. Since both CG and CE are zero force members, the joint effectively
looks like:

C

B F

and, Eh@r@f@r@ CF is another zero-force member. Thus, BG, CE, CG, CF are the zero-force
members.

THE CORRECT ANSWER IS: (A)
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it 18 completel
30 10m _ X v A 4
10KN  6kN 2, | @
x=06m @ »
- s 12 —| 14
vrea 1 = 13(2) =26 kiN-m '
SHEAR DIAGRAM
6(6 .
Area 2 =--£—-— =18 IkIN-m
2
. -8
Area 3 =4(4) =16kN-m 16
=26 MOMENT DIAGRAM
Maximum magnitude of the bending moment is 26 kIN-m.
THE CORRECT ANSWER IS: (D)
6\ [ m(0.5)
40. 1P =P4=(14x10°) | B2 | = Ry,
Frod
Foq=275kN=04=68x10°4
A=40.4 x 10 m?

THE CORRECT ANSWER IS: (A)

]
Y
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P=1.4MPa \SQ;fm




=N
@

46.

THE CORRECT ANSWER IS: (D)

The question statement is the definition of hot workin g.

ECT ANSWER IS: (A)

By definition, a metal with hi gh hardness has a high tensile strength and a high yield strength.

ECT ANSWER IS: (D)

By definition, amorphous materials do not have a crystal structure.

THE CO

RRECT ANSWER

IS: (D)

Aluminum is anodic relative to copper and, therefore, will corrode to protect the copper.,

THE COR

RECT ANSWER IS: (B)

LA
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T, = E«{
where 1, = shear stress and

4

te of shear deformation

ra

shear stress to the rate of shear deformation.

f

Hence, 1 1s the ratio o

(O
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THE CORRECT ANSWER I
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THE CORRECT ANSWER IS: (B)

2
pz :g’%{p'_pair}
2 2 2
N p— v (2) ~0.204 m

28(P—par) 22 (2)(98)

THE C

ECT ANSWER IS: (D)

S = apparent power
P =real power

0 = reactive power

S=P+jO=|S|cos+;|S|sin O
cos 0 =pf=0.866

O = (1,500 VA) sin[cos™0.866] = 750 VAR

ECT ANSWER IS: (B)
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v 1,
Wet)=-Cle =

3

We=0.113 J initial stored energy.

After ten time constants, all energy will be dissipated.

THE CORRECT ANSWER IS: (B)

Rp=40+3Q6Q=4Q+20Q

RT:6@:>,ZT:6W:1A
.3 1
I ==(I-1=—A
* 9“> 3

ECT ANSWER IS: (A)

(1-i) 1-2i+2 1-1-2 i

1+ 1+2i+7 1-1+20 i

THE COR

CT ANSWER IS: (A)
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volume within the tank must increase. This can happen only if liquid evaporates.
A
| VAPOR

THE CORRECT ANSWER IS: (A

U

59.  An isentropic process is one for which the entropy remains constant. Entropy is defined by the
equation:

ds = 00

r

reversible

The entropy will be constant if §Q = 0 and the process is reversible. It is theoretically possible
for a nonadiabatic, irreversible process to have a constant entropy, but this is not one of the
responses. Option (D) describes a state, not a process.

THE COR

ECT ANSWER IS: (C)

60. Rr-= = =0.1890
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T -8, combined stresses, torsion, normal, sheas )
s Ay ey < T e - T e
e theories (e.g., static, dynamic, buckling)
4 . ] ; e A N e o O S PR 0 RO
Failure analysi ., Creep, 1atigue, fracture, buckling)

o 9 = ¢ 9 9 J

0

1 S
Deformation and stiffness

9
columns, power screws)
Power transmission (e.g., belts, chains, clutches, gears, shafis, brakes,
axles)

Manufacturability (e.g., fif
Quality and reliability

Mechanical systems (e.g., hydraulic, pneumatic, electro-hybrid)

Kinematics, Dynamics, and Vibrations

YO

Kinematics of mechanisms

Dynamics of mechanisms

Rigid body dynamics

Natural frequency and resonance

Balancing of rotating and reciprocating equipment

Forced vibrations (e.g., isolation, force transmission, support motion)

Materials and Processing

A.

B.

o0

o

Mechanical and thermal properties (e.g., stress/strain relationships,
ductility, endurance, conductivity, thermal expansion)
Manufacturing processes (e.g., forming, machining, bending, casting,
joining, heat treating)

Thermal processing (e.g., phase transformations, equilibria)
Materials selection (e.g., metals, composites, ceramics,

plastics, bio-materials)

Surface conditions (e.g., corrosion, degradation, coatings, linishes)
Testing (e.g., tensile, compression, hardness)

Measurements, Instrumentation, and Controls

A.

g O

e

Mathematical fundamentals (e.g., Laplace transforms, differential
equations)

System descriptions (e.g., block diagrams, ladder logic,

transfer functions)

Sensors and signal conditioning (e.g., strain, pressure, flow, force,
velocity, displacement, temperature)

Data collection and processing (e.g., sampling theory, uncertainty,
digital/analog, data transmission rates)

Dynamic responses (e.g., overshoot/time constant, poles and zeros,
stability)

W=y

10%

10%




V. T Conversion Processes
D. Psychrometrics
E. Performance of components
F. Cycles and processes (e.g., Otto, Diesel, Brayton, Rankine)
G. Combustion and combustion products
H. Energy storage
[. Cogeneration and regeneration/reheat
VI. Fluid Mechanics and Fluid 15%,
A. Fluid statics
B. Incompressible flow
C. Fluid transport systems (e.g., pipes, ducts, series/paraliel operations)
D. Fluid machines: incompressible (e.g., turbines, pumps,
hydraulic motors }
E. Compressible flow
F. Fluid machines: compressible (e.g., turbines, compressors, {ans)
G. Operating characteristics (e.g., fan Elaws;j performance curves,
efficiencies, work/power equations)
H. Lift/drag
I. Impulse/momentum
VII. Heat Transfer 10%
A. Conduction
B. Convection
C. Radiation
D. Composite walls and insulation
E. Transient and periodic processes
F. Heat exchangers
G. Boiling and condensation heat transfer
VIII. Refrigeration and HVAC 10%
A. Cycles
B. Heating and cooling loads (e.g., degree day data, sensible heat,

latent heat)

C. Psychrometric charts

D. Coefficient of performance

E. Components (e.g., compressors, condensers, evaporators,
expansion valve)







THE AFTERNOON SAMPLE EXAMINATION CONTAINS 30 QUESTIONS,
HALF THE NUMBER ON THE ACTUAL EXAMINATION.
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6. The translational kinetic energy {ﬂ of the object at Point Q is most nearly:

i
<

(A)  1.50
B)  3.00
©  6.00
(D) 29.40

The horizontal force (N) of the spring on the object at Point Q is most nearly:

(A) 100
(B) 175
© 250

(D) 400




3. The value of F (W) is most nearly:
(A) 11.8
(B) 19.6
(C) 24.6
(D) 694
9. The highest elevation / (m) above the x-axis the block will reach is most nearly:
(A 1.2
By 33
(C) 5.7
(D) 7.8

\
‘*"-a
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Constants for Diffusivity
o~ iy [y R Ty, e 25 7B T Fonn %
Solute Solvent D, (m”/s) O (cal/mol)
—~ - _4 -
Carbon fcc Iron 0.2x10 34,000
& T g ~ ~ _4‘ £y A 3
Carbon bee Iron 2.2 x10 9,300
- J - - e L Al p
Nickel fce Iron 0.77 x 10 67,000
A T —4 ‘
Copper Aluminum 0.15 %10 30,200
o B o
Copper Copper 0.2 x10 47,100
F - L ] = -4 9]
Carbon hep Titanium 5.1 x 10 43,500
Y R 2 L n | ,,
10.  The diffusivity (m”/s) of carbon in iron at 1,000°C is most nearly:

11.  The temperature at which carbon has the same diffusivity in fcc iron as it has in hep titanium is
most nearly:

(A)  1,200°C
(B)  1,500°C
(©)  8,200°C
(D)  8,500°C
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R = Resistance, £2
R, Reference resistance, {2
o = Coefficient, °C”'

14.  The change in resistance (QQ) of the RTD for a 10°C change in temperature 18 most nearly:

(A) 0.04
(B) 0.4
©) 4.0
(D) 1004

15. The RTD resistance () at a temperature of 250°C would be most nearly:

(A) ]
(B) 2
(C) 100
(D) 200
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boiler. Pump suction
A 1pi ¥ re 500 crid 14 O WiPa The hadler aflalama ta QF
Boiler outlet conditions are 500°C and 14.0 MPa. The boiler ef iciency is 88%.

f ) el L o LLE A
D T = 40°C
) @r=a0c 3 1= 500°C
AN A P=140MPa P = 14.0 MPa

FLOW = 50,000 keg/h

P T Conditi h
(MP2) ©C) onaition (IJ/keg)
4.0 40 Compressed liquid 167.6
14.0 336.75 Saturated liquid 1,571.1
14.0 336.75 Saturated vapor 2,637.6
14.0 500 Superheated vapor 3,322

16.  If the pump efficiency is 80%, the pump power requirement (kW) is most nearly:

(A) 150
(B) 190
(C) 240
(D) 300

17.  The total heat transfer (MW) to the working fluid that occurs in the boiler is most nearly:

(A) 10
®) 15
(C) 29
(D) 44

18.  If the coal used to fire the boiler has a heating value of 28,000 kJ/kg, the rate at which coal is
burned in the boiler (kg/s) is most nearly:

(A)  1.39
(B) 1.58
(©) 1.78

(D)  2.03




C, = 1.0 kJ/(kg'K) 2
C, = 0.718 kJ/(kg-K) /
R = 0.287 ki/(kg-K) 1°
A

One kilogram of air at 172 kPa and 100°C is heated reversibly at constant volume until the pressure is
344 kPa.

I'ng

19.  The specific volume of the air (kJ/kg) at State 1 1s most nearly:

20.  The change in entropy [kJ/(kg°K)] between States 1 and 2 (s, — 51) is most nearly:

(A)  —0.498
B) 0

(C)  0.498
(D)  0.693




=

f

22.

23.

The pumping rate (im°/
(A) 1.02
(B) 1.18
(C) 1.50
(D) 4.71

- =3 2
1.0 x 107~ Nes/m
1.0 x 107° m?%/s

©
S
=
N
1
\
=
-
)

min) is most nearly:

@ 6.0m
PUMP’ /ﬂ S0°ELBOWS

l CeLpow = 0-90

ey WELL ROUNDED,
= CZ1.0
2 €
0SS
NOT TO SCALE 75.0m =

The pressure drop (Pa) across each elbow is most nearly:

(A) 1,100
(B) 2,800
(C) 3,100
(D) 5,600

Ideally, the work that must be supplied to the pump (J/kg) is most nearly:

(A) 50
(B) 125
(©) 175

(D) 50,000




10 by NC

levation head on suction, referred to pump centerline
ction head loss in suction line
imeter of suction line

iameter of pump discharge line

levation head on discharge into heater, referred to pu

at the discharge of the pump is most near!
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HEATER

P, =200 kPa
DENSITY = 958 kg/m3
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10-cm DIA . —=
CONDENSER
P,=10kPa A L,
o | 2 =
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Questions 2527 relate to a heat exchanger that was designed to heat liquid wate 1 150°C to 190°C
ey

34 1 o ooy o o A E o o o TOOFT i % T1ter oltria oo £
mside tubes using steam condensing at 230°C on the outer surface of the tubes. owing date

Data for compressed liquid water at 170°C
Specific heat 4.372 J/(kg'K)
Density 898 kg/m’
Dynamic viscosity 1.59 x 107 Neg/m?
Thermal conductivity 0.681 W/(m*K)
Prandt]l number 1.02
Tube material, copper k=380 W/(m-K)
Tube I.D, 2.5 cm
Tube O.D 3.8 cm
7 6,000 W/(m>] K)
b 12,000 W/@ﬂ ‘K)
Outside fouling resistance 90 x 107 m*>K/W
Inside fouling resistance 7 % 107" m®K/W

25. “or a constant flow rate, the effect of fouling of the heat transfer surfaces is to:

(A)  increase the temperature rise of the water
(B)  decrease the temperature rise of the water
(C)  increase heat exchanger effectiveness

(D)  make no change in heat exchanger effectiveness

26.  The Reynolds number for the water flowing at 1.5 m/s inside 3-m-long tubes with an I.D. 0f 2.5 cm
1s most nearly:

(A) 53,000
(B) 106,000
(C) 212,000
(D) 424,000

277.  The overall coefficient of heat transfer [W/(m*K)] based upon inside surface area is most nearly:

(A) 1,000
(B) 1,100
(C) 4,250
D) 4,500

(@@}
A
N
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below. The evaporator temperature 18

ff“‘r\
S

"y

(8]

o

h

28.  Assume the compression process is reversible and adiabatic. If the vapor entering the compressor
15 saturated, the work done on the compressor (kJ/kg) is most nearly:-

(A) 15
B) 25
Q) 35
(D) 42

29.  The cooling produced by the evaporator (kJ/kg) is most nearly:

(A) 28
(B) 143
(C) 169
(D) 210

30.  The process 3—4 is:

(A)  constant entropy

(B)  constant enthalpy
(C)  reversible

(D)  both constant entropy and enthalpy
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1. k6, where k is the
S == T?“’F@ é en g‘g‘gﬁs — cOommTessen enotn
18 LIO0 IRzl SO0 50U IOTIE L
190 mm — 125 mm
= 65 mm
The fo1 reqguired to deflect the soring thic amonunt is
1€ 10rce required 1o derlect tne spring this amount 18
F=k5=(38.525 N/mm)(65 mm) = 2,504 I
E CORRECT ANSWER IS: (B)
P g - o n : . B B ] 7S T oSN & 3 1. TR . B L T
4 The lever arm will be in equilibrium under the forces applied by the spring and the piston
Drawing a free body diagram we have,

2 f%fa = {65@ Efﬂfﬂ} Fpiston - {45@ ﬂifﬁ}\ JFspring =0
Solving for Fpiston:

450 mm ‘ Q
Fyiston = ———— Fops y !
piston 650 mm  SPrng 7 ""'I 117 /%

INNNRNNARNRER|

F

:W33333 N O 45 450 mm

0 mm = 650 mm =
— 293@75 N | NOT TO SCALE

The pressure on the piston will be the force divided by the piston area:

£ piston __ I piston

_ 2 2
Apls’mﬂ md piston md piston
4

(4)(2,307.5N)
7 (100 mm)’

4 F

piston

=0.294 MPa = 294 kPa

RECT ANSWER IS: (C)

(9]
0




_ __ T piston A . = * piston
1% — ano 102 — —
d 2 7 2
el )
i L
4 )
. 2 é -~
oL =1.23

. 2 )}
pno dy 90 mm

p ﬁ() +DZ
Do~ o, , C \ i
5, = B xr, _ 4 — 0.6 MPa x 306.25 mm _
) ( D, —D; 2.5 mm
. 2

THE CORRECT ANSWER IS (C)

The formula for the total longitudinal strain without a temperature rise 1s:

I

€ 3
210x10

This must be converted to displacement using the following formula:

o/

€

ol = €axial !

=5.72 x 107° x 1,000 mm

=(0.0572 mm

RECT ANSWER IS (A)

o

D

it = (01 —v (s +0,)) = — L (23.1MPa - 0.24(46.2 MPa +0))=5.72x10"°

axial = ——fgwh@r@ [ is the length of the section under consideration
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the
~34,000
(o moin=4) (1,273)(1.987) _ - an~ -
D=(02x107)M2PN) =5 607107
At what temperature does carbon have the same diffusivity in fcc iron as in hep titanium? The
diffusion @quafﬁ izg found in the Materials Science/Structure of Matter section in the FE
Supplied-Reference Handbook.

D=D, ¢ "

Since D is the same for fcc iron and hep titaniun

( D, o—O/RT > _ ( D, o~ Q/RT }

titanium

iron
R —} A :
(5.1x107) 9877 = (0.2 x107%) ! 987> T

-21,892 17,111
e T =0.0392e T

MZEBSQZ___EH@@%@Z_ —17,111
T
ﬁ:mgnzgg
T
T = 4,78 1—1 476K =1,203°C
3.239

RECT ANSWER IS: (A)
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COMPOSITION (w/o)

At 850°C, B + L phases are present.

THE CORRECT ANSWER IS: (B)




s 1ol o oy - P R T A S I ~
1 he solution requires a step-by-step reqauciion o1 the sy
m ;‘1“‘0 ';;” = {“j @ et ‘f«"‘ife 'y 1 TRy —g 'a¥aYa)

il Ly L é;«}, oo Lid QJ Eiiiiiai ERWAN j R
.
] > L7 s
¥t i ?E/( 1 T i ]) .

AN ¥

Q©
o

bine the forward blocks.

T C(S)

G1Gy/(1 + Gy)

Finally, reduce the “outer” loop.

=

(G1GI(1 + Gy + G1GyH)

- C(5)

R(s)

THE CORRECT ANSWER IS: (D)

R=R,[1+a(lT-1To)]

AR =R
AT
— R,OAT

= (100 Q) (0.004 °C™") (10 °C)

14.

=4.0Q
THE CORRECT ANSWER IS: (C)

R=R,[1+a(T—T,)]
— 100 [1 + 0.004 (250 — 0)]

=200 Q

15.

T ANSWER IS: (D)
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18.

{ D =)
: mvi\ 4 — F )
W=tz U
’j:? L
Np

L 50,000 kg N e
Q=rin(hy —hy)=| S 00e (3,322 -167.6) k/kg | = 43,811 kW = 44 MW

THE CORRECT ANSWER IS: (D)

The mass rate of coal times its heating value divided by the boiler efficiency yields the heat added
to the water in the boiler.

50,000 kg
2000 X8 (3,322~ 167.6) ik
il —hy) | 3,600 e 76)1ke

= - =1.778k
=), (28,000 kJ/kg)(0.88) T8 ke/s

ECT ANSWER IS: (C)




o T IO~ N IR S 3 e o oatote
1he speciiic volume is 1ound using tne ideal gas equation O State.
I
g-/g Vo — id

\ 5o ey v
B <) |[273 +100] K
Unit check
kJ x K . 3
(PO Vo PN PR e -
PR kg.le kNemele.1m 0
v=0.622 m kg - = S ——— :
kN kg Ik kg
2
Ll
o R
STl i e . . : ks PR B S . 45 o ! T oty
20. The change in entropy is found from the equations in the Therm
upplied-Reference Handbook:

10dynamics section of the FE
As = Cp In (Tz/fﬁ —RIn (Pz/P1>
H_5H
For a constant volume process, — =—=
w L 1
therefore, Po/P1= T5/Th
As = Cp In (PQ/P1> —RIn (Pg/P}}

=(c,— R) In (Py/P)) = ¢, In (P,/P})=0.718 In 2
= (0.498 kJ/(kg.K)

THE CORRECT ANSWER IS: (C)

The cross-sectional area of the pipe is:

4, :%@2 :Z}(o@m)*" —0.00785

The flow rate is:

41m”

O =A.V,=0.007854 (2.5)(60) = 1.178 m’/min

ECT ANSWER IS: (B)

05
s




[

772 Annls )2
oVe 1,000(2.5) p ,
AP, = C=""3""7 (09)Y=2.812.5Ps
Ll Qib@‘fﬂ/ ;} (Y t‘} q\unj/g Lo L deod L€
™ R ~e
. AP r,— 175 —-125
“»73 . _ = B _ S o T/ — &0 T/l o
N Mideal = = = = (0.050 &J/Eﬁé =Jou j/ﬁig

i 1 i e » . . PR 7 . . S Ane
4%,  The cross-sectional area of the discharge pipe is:

(0.10)” = 0.007854 m?

4
The velocity of flow in the discharge pipe is:
5 m - 4%@ . o -
v = =5.093 m/s

“p4 1,000(0.007854)
The head at the discharge into the heater is:

2 2
5.093
Hh“—‘fi-*f—i!{%%rgzr 209,900 (5.09) +20=41.7m

bz 2g 1,000(9.807)  2(9.807)

The head at the pump discharge is:
H;j=417-05+25=66.2m

THE COR

ECT ANSWER IS: (D)

25.  The effect of fouling on the heat-transfer surfaces is to reduce the heat-transfer rate by increasing
the surface resistance. The results on the water being heated would be to reduce the outlet
temperature of the water.

THE COJ

ECT ANSWER IS: (B)

7

N




DE The Revnolds number i1s found i th Hid Mechanics section of the FE Supplied-Referenc
26, The ﬁ:“z,_yjiriqi(j number 18 ouna m the fhua J_i@a}_]iivdgﬁvu SeCon o the 0 zjf/zf/ fi 558@"_@;%};}; crce
L7 A
Handbook
VT
) /:j o
Re=-—"

D =25cm=2.5x10 "m
Ne.g

o —159x10~4 208
Tﬂ'z

Verify units (dimensi@zﬂ@gs}

kgemss {mg}

82@1n2

THE CORRECT ANSWER IS: (C)




Lo_ L e, D) Ky 1
UA A A 27kl A, hyA
1;7/7[‘14 :/El

A ln Z:—O
1 L, » D, A 4
— =Rt LRy
[ R A A W)
h,  =6,000
Ry = Tx 107
EF =380

] J D
A:n Dy (Tﬁiﬂ}m Dy D.In| =2
2kl 27kl 2k
Rioy=9 x 107
h, =12,000
4 DL D, 25x107
4, mD,L D, 38x1072
o -2
_ ).5% 10~ @ »

=+ 7107+ (2.5x10°7) + 5{9@@ J)—%
U 6,000 2.(380) 3.8
521,667%@*4+7x1®"4+®n138xm—4+O@§92x1@*4+®.548x1®"4
1 -
— =9.945%10
U

U =1,005.5 W/(m?<K)

THE COl

ECT ANSWER IS: (A)

\ \W
o)

2.5

(3.8)(12,000)




THE CORRECT A IS: (B)

The process from 3 to 4 is a throttling process, which involves both a drop in pressure and
temperature. It is an irreversible process, generally considered constant enthalpy.

THE CORRECT ANSWER IS: (B)

~
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