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vapor state and the piston rests against the stops. With the
piston against the stops, the water is further heated unti] the
pressure is 600 kPa. On the P-v and T-v diagrams sketch,
with respect to the saturation lines, the process curves pass-
ing through both the initial and final states of the warer,
Label the states on the process as 1, 2, and 2. On both the

3—1:'55 Wat‘cr is boiled at 1 atm pressure in a coffee make:
equipped with an immersion-lype electric heating efement
Thc coffee maker initially contains 1 kg of water. Once boil-
g started, it is observed that half of the water in the coffee
malfcr evaporated in 10 minutes. If the heat loss from the
coffee maker is negligible, the power rating of the heating

P-v and T-v diagrams, sketch the isotherms passing through  element is
the states and show their values, in °C, on the isotheims. (a) 3.8 kW
. (b) 2.2 kW (c) 1.9 kW
(d) 1.6 kW (e) 0.8 kW

(;3‘"136; A 1-m? rigid tank contains 10 kg of water (in any
phase or phases) at 16Q7C. The pressure in the tank is

(ar) 738 kPa
(/) 2000 MPa

(b) 618 kPa
(e) 1618 kPa

(c) 370 kPa

Q  Water
; 300 kPa ;.
0.5mke

3-137 Water is boiling at 1 atm pressure in a stainless steel
pan on an electric range. It is observed that 2 kg of liquid
water evaporates in 30 min. The rate of heat transfer to the

FIGURE P3-130 water is
(1) 2.51 kW (b) 2.32 kW (c) 2.97 kW
(el) 0.47 kW (e) 3.12 kW

3-131 0.2-kg of argon is compressed from 6895 kPa and
" 149°C 16 15,790 kPa in a picton-cvlinder ce: ce which exe-
s = —putes =1 POLYIropic procase. tor ek PUE = oot i Defer-
mine the final temperature treating the argon as ) an el
gas and () a Beatue-Bridgeman gas,

- 3-138 Water 1s boiled in a par an a srove 2t cen Jeval Dinr-
wAng-HG-min-of -boiling, it-i5% - oéd . Z0C ¢ of - ater B
evaporated. Then the rate of heat transfer to the water is

(ci) 0.84 kl/min (b) 45.1 kJ/min
(¢) 41.8 kl/min (¢f) 53.5 kJ/min
(¢) 225.7 kJ/min

3-139 A 3-m’® rigid vessel contains steam @t 4 MPa and
500°C. The mass of the steam is

(b)Y 9 ke
(e} 52 kg

Fundamentals of Engineering (FE) Exam Problems

A rigid tank cqru:nins 2 kg of an .i:!cul g al S atm

d 40°C. Now a valve is opened. and hall’ ol mass of the gas

: 5 Ll neE

e iaiseallowedte_escape, [0 the [nal pressure in the tank I8

' Q2atniythe final temperature in the tank is

(@) 71° (h) 44°C () —100°C
‘(d) 20°C (e) 172°C

: The pressure of an automobile tire is measured 1o be
190 kPa (gage) before a trip and 215 kPa (gagey alter the trip
at adocation where the aumospheric pressure is 93 KPa. 1 the

() 26 ke

() 3 kg
(d) 35 ke

Consider a sealed can that is filied with refngerant-
T The contents of the can are at the room temperature ol
25°C. Now a leak develops. and the pressure in the can drops
10 the local atmospheric pressure of 90 kPa. The temperature
ol the refrigerant in the can is expected to drop te (rounded to

Lo

temperature of air in the tire before the trip is ?2‘5"(‘:4_‘1hc air
temperature after the trip is

(@) 51.1°C (b164.2°C
{d)28.3°C (¢) 25.0°C
134 A 300-m’° rigid tank is filled with saturated liguid—
YE{PPf mixture of water at 200 kPa. If 25 percent ol the mass
5 liquid and 75 percent of the mass is vapor, the Lotal mass in

Vi) 7250

- ‘hetan s
(4451 kg (b) 556 kg (¢) 300 kg
@331 kg (¢) 195 ke

(c) —16°C

the nearest integer) _
(@) 0°C (J’z_wc
(e) 25°C

Design and Essay Problems

3-141 In an article on tire maintenance, :
tires lose air over time, and pressure lc-yssesAa‘s i
00 kPa per year are measured. _The amclle [IOEL'::'IOE[J lo\\.'
checking tire pressuie at least once 2 rncardlr::rlm‘;5 .
tire pressure that hurts fuel efficiency and ©€5

it is stated that
igh as
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5-30 The diffuser in a jet engine is designed lo decrease |
Lmeuc energy of the air entering the engine compressor wi
out any work or heat interactions. Calculate the velocity at1
exit of a diffuser when air at 100 kPa and 20°C enters it w
a velocity of 500 m/s and the exit state is 200 kPu and 90°C

FIGURE P5-30
@ Stockbyre/Punchstock.

difluser skeady
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i Q
WAs, D™ B * 57198 Stcam expands in
tlo 0.5 MPa and 250°C at a rate of 1350

Uin £ 617 .?8 /s

///I’_D 199 Steam is compressed by an adiabalic T
from 0.2 MPa and 150°C to 0.8 MPa and 350°C at a rate of

1.30. .kc.ls “fhe power 1 input to the compressor_is_ fg R

1PIERST

a turbine from 4 MPa and 300°C

k"? Heat is lost

”50 (.“'m“k) = " from the turbine al a rate of 25 kl/s during lhe process. The

power output of the turbine is

&T” 7 kW (b) 207 kW
¢) 182 kW \

2 (¢) 246 kW

4352 (W) * Tgee
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! The label S5 4 e

Jdbelh an i | i
i vl ae 38 1\ :;”“ il I!IIIHLL michine indicates that the

C (G DR ‘Ure o 1 .l W) N ‘ [}
Iy a9 - 1wl water 1 the water i ‘

. e ’ . ater is heat
ol S0 I'J‘),j' \l‘\,-’l‘.l.II %IIILlLII{ L‘ll.‘L‘lI'IL‘ heater at an electricity i'LI
'lllllll[i‘]{ Il L the water 1% heated tfron I8 10 45"C ;; <
M ol o water an veragse | SE8 . ‘

il rage family us X i
SCN Per Vaar is

(h) 15.8 1ons

Ly 116 tons R
(o) 271 tons

tdy 3001 tans (¢} 33 5 1ons

155 A 24-m high 200.m? '
2 h 200-m-= house is mainti
ot ! e iy maintined ar 22°C
x ‘ml .;n conditioning system whose COP s ‘? 2 I||l i
nated that the kite : e i Eo
e ,|i.,L-|,hL Kitchen, bath. and other ventilating fans of lhI
B TR T » = :
: hoe arge a houselul of conditioned air once o k‘
? . e average outdoor temperature is 32°C it
| ol an s 120 ke/m', hS L
‘ oA ; afm’, ‘n_ul the unit ¢ost ol electricity is
} 1 the amount of money “vented 2 un ‘I\
e \ oul”™ by the Funs in

ter) $0L50 (hy 51.60) te) S50

(ol )y S11.00 te) $16.00

L350 The drinki
nge waler neeg i
g owaler needs ol wn aifice are met by

cooling tab wate dredriee (W4 ¢ ¢ : -
P d refrigera
8] 4 Wil L 1 AN |
i { Nt I 1 4

6O aran mverage rae of

Akl 1 lu.t?; rate of [0 ke/ho I the COP ol this ielyi

*l Jake '- > s " L!Ui-
the required power input o this sefriverator i\h

() 197 W (612 W o) O W
!
o 4
! e TH9AY () 403 W
—i57 A hen i
! heat pump is absorbing heat from the cold out-

el 50

ol 18 \ : U \ L k = )
N
3.000 Kk | power co sumed by the AU p

‘,
'. 19 kW, the coeilicient of
|i KW, the coeilicient of performance ol the heat pump is
: ]
I- G 1.3 th 2.6 () 3.0
(TR () 13.9

A heat engine eyele 15 ¢ i
engine cyvele is executed with—=dewm in-ihe

|. ration dome. The pres : ‘ {
; ¢ pressure ol steam is L MPa davmg heat

| ___T__———_—' T
’; ATien. {112 MPa diring heat rejection. The hughest pos

by elplicney ol this heat engine is

(hy 15.00

(e 1007

’ () 202

# (i TY.8"

7, - \ heat engine receives heat from i sowree al 1000 C
\m_d sejects the waste heat o a sink ar 30°C [ heat is sup-
sied to this engine at e of
| s engine ata rite of 100 1/ the masimum power

this heat engine can produoee is
. . : Z

1y 354 kW m

ey 100 KW

() 254 LW
(ofy 930 LW

\Q‘;

Form

?‘u-lf?!l j\.hu:ll pump eycle is exceuated will Rl e
e saturation dome between the pressute limits ol L and
0.16 MPa. .I he maximum coelficient of petformance ol ths
heat pump 1s
(a) 1.1
() 5.3
6-161 A refrigeration cycle is executed with R-134a under
the saluration dome between the pressure linmts ol 1.6 and
0.2 MPa. I the power consumption of the relvigeraor 1s

! 3 kW, the maximum rale of heat removal from the cooled

(b 3.8
(ey29

ey 4.8

space of this refiigerator 18
(a) 0.45 Klis () 078 Kifs

(dly 11.6 Kl/s () 14.6 Klfs
—;,M—!(n2 A heal pump with a COP of 3.2 is used o heat

perfectly scaled house (no air leaks). The entire mass within
the house (air, furniture. cte.) is equivalent to 1200 ke of air

When munning. the heat pump consuimes clectric power db i
! rate ol § KW. The emperature of the house i 7°C when the
heat pump Was uned on. 1 heat tramsler throtigh the enve-
tope of Lhe hotse (walls. rool, ete.) s negligible. the fength of
e the heal pump must run 1o raise the temperature of e

entirgfontents of the house to 227C s

ey 30 K

(hy 431 un (e 125 nun

(/) 18.8 min te) SO8 min

6—163 A heat engine cycle is cxectted with steam i the
aturation dome between (he pressurc limits al 7 and 2 MPa
If heat is supphied to the heat engine al o G ol 130 RIS, the
maximum power output of this heat engine is

(a) 8.1 KW (1) 19.7 kKW (o) 380 kW
(ef) 107 KW (e) 130 kW

6-164 Ar air-conditioning
Teversed Curndt eycle 18 required (0 ey
RS 1o manntan v L TaLUE e cos it
WL, L

pperating - on the

system
foat from -he

house al @ rate of 32
Al 20°C. W the temperatire of e owdoors
e this air-condiiioning systent s

power reguiged to oper
ey LA0 KW

{ay 058 KW () 320 kW
() 226 KW (o) Vo4 KW
6-165 A refrigerator s removing .
a1 3°C at avawe of 7200 K/ and rejecting the waste Leant 104
medium at 30°C. 1 the coetlicient of purlmm;:mé el the
2 the power consumed by the retrgerates i

}/j R

heat from a culd medum

relrigerator is
() 0.1 KW
() 20 kW
6-166 Two Carnot heat engines are
| quch that the heat ink ol the fist engine serves
' f (he second one. IF the source emperatue

1300 K and the sink temperature o (e
300 K and the thermal clticiercies o hatl

(hy 03 KW
(e) 5.0 KW

operating 0 NUS
s the hea

I
souree @ nl
i i i > NUC
[irsL engine s o
ond enging 18
(he lemperature ol the intermed i

cnaines wy e same.
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(n 623 K
oy 453 K

Considet
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CoP ol the relriger

() 800 K () 860 K

(¢) 738 K
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