248 The basic barometer can be used to measure the
height of a building. If the barometric readings at the top and
at the bottom of a building are 730 and 755 mm Hg. respec-
tively, determine the height of the building. Take the densities
of air and mercury to be 1.18 kg/m’ and 13,600 kg/m’,
respecuvely.

Atmospheric pressures at the top and at the bottom of the building are

b, =(pgh),,
:(13,600kg/m3)(9.807m/Sz)(0.730m)( Sl j( IkPa j

lkg-m/s*> | 1000N / m*
=97.36kPa
Pbottom = (pgh)bottom lN lkP
— (13,600kg / m*)(9.807m / $)(0.755m) . -
lkg-m/s” \ 1000N / m
=100.70kPa

Taking an air column between the top and the bottom of the building and writing a force

balance per unit base area, we obtain
Wair/A:Pb _Ptop

(pgh)air = Pbottom - })top

ottom

IN 1kP,
(1.18kg/m3)(9.807m/52)(h)[1k / 2}[1000]\[‘/’ 2J=(100.70—97.36)kPa
o-m/s m

It yields h =288.6 m

which is also the height of the building.



2-51 A gas 15 contamned 1 a verlical. Inchonless
piston—cylinder device. The piston has a mass of 4 kg and a
cross-sectional area of 35 cm?. A compressed spring above
the piston exerts a force of 60 N on the piston. If the atmo-
spheric pressure is 95 kPa, determine the pressure inside the
cylinder. Answer: 123.4 kPa

Drawing the free body diagram of the piston and balancing the vertical forces yield

PA=P, A+W+F

spring

Thus,
mg+F,_ .
P Patm 4 g spring

A
4 . 2 1kP.

=(95kPa)+( kg)(9 807m£s 2)+60N kPa :

35x107" m 1000N / m
=123.4kPa
2-53 { » Both a gage and a manometer are attached to a

@ gas tank to measure its pressure. If the reading on
the pressure gage 1s 80 kPa, determine the distance between
the two fluid levels of the manometer if the fluid is (a) mer-
cury (p = 13.600 kg/m?) or (b) water (p = 1000 kg/m?).

The gage pressure is related to the vertical distance h between the two fluid levels by

P age
Pgagengh — hzi_g
(a) For mercury,
age P 1 s’
_ P 803k a : 000kg / m-s — 0.60m
Pu8& (13600kg /m”)(9.807m/s") 1kPa
(b) For water,
P 2
f o lame 8(3)kPa : 1000kg / m-s _8.16m
Puo& (1000kg/m”)(9.807m/s") 1kPa



2-85 Balloons are often filled with helium gas because it
weighs only about one-seventh of what air weighs under
identical conditions. The buoyancy force. which can be
expressed as F, = p,,.2Vii00n- Will push the balloon upward.
If the balloon has a diameter of 10 m and carries two people,
70 kg each, determine the acceleration of the balloon when it
is first released. Assume the density of air is p = 1.16 kg/m’,
and neglect the weight of the ropes and the cage. Answer:
16.5 m/s?

The buoyancy force acting on the balloon is

V., =d4xgr’/3=4x(5m)’ /3 =523.6m"

balloon

FB = pair ngalloon

IN
=(1.16kg / m>)(9.807m / s*)(523.6m">) ——— |=5956.5N
lkg-m/s
The total mass is
1.16 3 3
my, =puV = Tkg/m (523.6m”) =86.8kg
My =My, +M,,,,, =86.8+2x70=226.8kg
The total weight is
5 IN
W=m,,g=(226.8kg)(9.807m/s") ———— |=2224.2N
lkg-m/s
Thus the net force acting on the balloon is
F,. =Fy— W =59565-22242=37323N
Then the acceleration becomes
F 3732.2N | lkg- 2
o= Lo 3T322N Mg mIs” | _ 6o g2
m,,, 2268kg IN



2-89 The lower half of a 10-m-high cylindrical container 1s
filled with water (p = 1000 kg/m*) and the upper half with
oil that has a specific gravity of 0.85. Determine the pressure
difference between the top and bottom of the cylinder.
Answer: 90.7 kPa

The density of the oil is obtained by multiplying its specific gravity by the density of
water which is given to be 1000 kg/m”,

P=(P)(Pu,0)=(085)(1000kg/ m*)=850kg/m’

The pressure difference between the top and the bottom of the cylinder is the sum of the
pressure differences across the two fluids,

APtuttzzl = APm’l + APwazter = (pgh)oil + (pgh)water lkP
— ((850kg / m*)(9.807m / s*)(5m) + (1000kg / m*)(9.807m / s*)(5m) | ———2_
[(850kg /m*)(9.807m /57 )(5m) + (1000kg / m*)(9.807m / s)( ’")(moozwmzj

=90.7kPa

2-91 A pressure cooker cooks a lot faster than an ordinary
pan by maintaining a higher pressure and temperature inside.

The lid of a pressure cooker is well sealed, and steam can
escape only through an opening in the middle of the lid. A
separate metal piece, the petcock, sits on top of this opening
and prevents steam from escaping until the pressure force
overcomes the weight of the petcock. The periodic escape of
the steam in this manner prevents any potentially dangerous
pressure buildup and keeps the pressure inside at a constant
value. Determine the mass of the petcock of a pressure
cooker whose operation pressure is 100 kPa gage and has an
opening cross-sectional area of 4 mm?. Assume an atmo-
spheric pressure of 101 kPa, and draw the free-body diagram
of the petcock. Answer: 40.8 g



Pom =101 KPa

Petcock

A=4mm?

FIGURE P2-91

Atmospheric pressure is acting on all surfaces of the petcock, which balances itself out.
Therefore, it can be disregarded in calculations if we use the gage pressure as the cooker
pressure. A force balance on the petcock (SFy = 0) yields

W=P,.A
b waze A (100kPa)(4x107°m?)( 1000kg / m-s*
g 9.807m /s> 1kPa
=0.0408kg



3-17 A river flowing steadily at a rate of 240 m*/s is con-
sidered for hydroelectric power generation. It is determined
that a dam can be built to collect water and release it from an
elevation difference of 50 m 10 generate power. Determine
how much power can be generated from this river water after
the dam is filled.

Lrred

1

240y /060 (.9.5/4'.5’27) 70%;—
/226285 )

3-28 A small electrical motor produces 10 W of mechanical
power. What is this power in (¢) N, m, and s units: and (b) kg,
m. and sunits?  Answers: (3) 10 N - ms, (5) 10 kg - m/s*
Wc =/0 \\
T M
W= J=WM e

s oW
- M _ Km _ hm?
Mehl v T

3-31 Determine the energy required to accelerate an 800-kg
car from rest to 100 kmv/h on a level road.  Answer: 309 kJ

_ 7 00/ po0 ) _ ot 1
Zrt= ”"’[( zi0 ) Z | Z | loce
= 2038 FT



3-33 A man whose mass is 100 kg pushes a cart whose
mass, including its contents, is 100 kg up a ramp that is
inclined at an angle of 20° from the horizontal. The local
gravitational acceleration is 9.8 m/s%, Determine the work, in
kJ, needed to move along this ramp a distance of 100 m con-
sidering (a) the man and (b) the cart and its contents as the
system.

Shzo: 2F K334 20m
700

69\/\{’ =M342 = ZooxS 8/ x %;—4?— =62 14T

!) Wy = /00x3.8/x30.20/ s000 = 32.6 kT
3-40 Dectermine the power required for a 2000-kg car to
climb a 100-m-long uphill road with a slope of 30° (from
horizontal) in 10 s (@) at a constant velocity, (&) from rest to
a final velocity of 30 m/s, and (¢) from 35 m/s to a final
velocity of 5 mv/s. Disregard friction, air drag, and rolling
resistance. Answers: (3) 98.1 kW, (b) 188 kW, (¢} ~21.9 kW

CQ \/\‘j = 2ocox3.8/xS/n30x/v0 7/

/o /oo
= 3.1 W
é) W = Zooo -"%-_9—1 ! o GookT

loce

’

Wi = doe = 904N M’ﬁ.'.u%: 79314/

/o
9 v, = Zoee (51 35%) =~ s200 4T
/
" e = /200 -
Wy #Wp == 222 4 98, /= =2/, 5 L/



3-50 A classroom that normally contains 40 people is to be
air-conditioned with window air-conditioning units of 5-kW
cooling capacity. A person at rest may be assumed to dissi-
pate heat at a rate of about 360 kJ/h. There are 10 lightbulbs
in the room. each with a rating of 100 W. The rate of heat
transfer to the classroom through the walls and the windows
is estimated to be 15,000 kJ/h. If the room air is to be main-
tained at a constant temperature of 21°C, determine the num-
ber of window air-conditioning units required.

4O x 360 =1y 400 kT/A = LEW
/o X Joo = Joco W= 7O0LUW
[Svoo _ 4./ 5
Féoe 4;—/-41-4,/5:5,/6&4/ 2 wni?e

3-56 L. The driving force for fluid flow is the pressure

#6" difference. and a pump operates by raising the
pressure of a fluid (by converting the mechanical shaft work
to flow energy). A gasoline pump is measured to consume
5.2 kW of electric power when operating. If the pressure dif-
ferential between the outlet and inlet of the pump is mea-
sured to be 5 kPa and the changes in velocity and elevation
are negligible, determine the maximum possible volume flow
rate of gasoline.




3-62 Consider a 3-kW hooded electric open burner in an
area where the unit costs of electricity and natural gas are
$0.07/kWh and $1.20/therm (1 therm = 105,500 kJ), respec-
tively. The efficiency of open burners can be taken to be
73 percent for electric burners and 38 percent for gas burners.
Determine the rate of energy consumption and the unit cost
of uullzcd energy for both electric and gas burners.

Q 240,98 2154 W Lrullondabils m:»-}
( E;uy';a:d madyeA: M £o. &ﬁ{fM

c% 202 . 5re ) 273 2,5y 0,08= f0./9%7
a2 = =

THers = 29,310 2200253 {o. 108 [burh

3-75 Water is pumped from a Like lo a ctomge tank 20 m
above at a rate of 70 L/s while consuming 20.4 KW of elec-
tric power. Disregarding any frictional losses in the pipes and
any changes in kinetic energy, determine {a) the overall effi-
ciency of the pump-motor unit and (b) the pressure differ-
ence between the inlet and the exit of the pump.

Storage tank

Aﬁ;mé/lwé( = n'ij =9 87/x20 x 7ﬁx/0'3x /o0 O
- 73,294 b

= DEmd Yot /3,33
OW“( 7”“”?"’”"‘" - A« :-_-—jzn’:¢ ‘-D,é’}

. Wet. 9
AF = ’
nw{/ o m(f)
= Aoy /o b/’ AP = 1354 245



3-91 A typical car driven 20,000 km a year emits to the
atmosphere about 11 kg per year of NO, (nitrogen oxides).
which cause smog in major population areas. Natural gas
bumed in the furnace emits about 4.3 g of NO, per therm
(1 therm = 105.500 kJ), and the electric power plants emit
about 7.1 g of NO, per kWh of electricity produced. Consider a
household that has two cars and consumes 9000 kWh of elec-
tricity and 1200 therms of natural gas. Determine the amount
of NO, emission to the atmosphere per year for which this
household is responsible.

2 x4 by Mox 0 = 22 kg Mox [y ),

Jaﬂaiwv/‘/;,,g X779 A/ox/éwﬁ = /350?}/1/0;;4/./
(ctdtd)

/Zoaﬁmé‘.f)r ng /f/cnv: 2 5'/&"0.}/]/9;1/,_‘(
(Gaz)

22 +43.9+5/6= 37,064 Nox/gl

10

10




4-23 . Complete this table

€5

for H,0O:

L6 P kPa v, m3/kg Phase description
50 4.16
200 Saturated vapor
250 400
110 600
Tablo A4, A5, A6 yardimi ile
T, °C P, kPa y, m/ kg Phase description
50 12.352 4.16 Doymus sivi buhar karisimi
120.21 200 0.88578 Doymus buhar
250 400 0.59520 Kizgin buhar
110 600 0.001052 Stkistirilmug sivi

Su icin asagidaki tabloyu tamamlayimz.

T, °C P, kPa h, kJ / kg X Phase description
325 0.4
160 1682
950 0.0
80 500
800 3161.7
Tablo A4, A5, A6 yardimi ile
T, °C P, kPa h, kJ / kg X Phase description
136.27 325 1435.35 0.4 Doymusg sivi buhar karisimi
160 618.23 1682 0.483 Doymus sivi buhar karisimi
177.66 950 752.74 0.0 Doymus sivit
80 500 335.02 --- Stkistirilmig st
350 800 3162.2 --- Kizgin buhar

11



R 134a icin asagidaki tabloyu tamamlayimz.

T, °C P, kPa h, kJ/ kg X Faz aciklamasi
240 81
4 0.27
-20 500
1400 362
20 1.0

Tablo Al11, A12, A13 yardimi ile

T, °C P, kPa h, kJ / kg X Faz aciklamasi
-5.38 240 81 0.179 Doymus sivi buhar karisimi
4 337.90 110.03 0.27 Doymus sivi buhar karisimi
-20 500 25.49 --- Stkistirilmug sivi
130 1400 363.02 --- Kizgin buhar
20 572.07 261.59 1.0 Doymus buhar

4-49 Water in a 5-cm-deep pan is observed to boil at 98°C.
At what temperature will the water 1n a 40-cm-deep pan boil?
Assume both pans are full of walter.

The pressure at the bottom of the 5-cm pan is the saturation pressure corresponding to the
boiling temperature of 98°C:

P= Psat@98°C =94.63kPa

The pressure difference between the bottoms of two pans is

1kPa
AP = pgh = (1000kg / m’)(9.8m /s )(0.35m)] ————— | = 3.43kPa
pgh = (1000kg / m*)( X )(moozcg/m.sz
Then the pressure at the bottom of the 40-cm deep pan is

P=94.63 +3.43 = 98.06 kPa

40 cm

Then the boiling temperature becomes 5
cm

Tboiling = Tsat@98A06 kPa = 99.0°C % %

12



4-53 A 0.5-m” vessel contains 10 kg of refrigerant-134a at
=20°C. Determine (a) the pressure, (b) the total intemal
energy, and (c) the volume occupied by the liquid phase.
Answers: (a) 132.82 kPa, (b) 904.2 kJ, (c) 0.00489 m*

The specific volume of the water is

vV 05m’
y=—=——

= =0.05m’/ kg
m 10kg

At -20°C, v¢=0.0007362 m’/kg and vy =0.14729 m’/kg. Thus the tank contains saturated
liquid-vapor mixture since v¢ < v < v, , and the pressure must be the saturation pressure at
the specified temperature,

P=P =132.82kPa

sat@-20"C
(b) The quality of the refrigerant-134a and its total internal energy are determined from

V—V —
YTV, 005-0.0007362 _ .
v,  0.14729-0.0007362

u=u,+xu, =2539+0.336x(218.84 -25.39) =90.39%J / kg| R-134a

U = mu = (10kg)(90.39k7 / kg) = 903.9kJ J

(c) The mass of the liquid phase and its volume are determined from
m, =(1-x)m, =(1-0.336)x10 = 6.64kg
Viy=m,v, = (6.64kg)(0.0007362m> / kg) = 0.00489m*

4-54 . A piston—cylinder device contains 0.1 m’ of lig-
“es” uid water and 0.9 m® of water vapor in equilib-

rium at 800 kPa. Heat is transferred at constant pressure until

the temperature reaches 350°C.

(@) What is the initial temperature of the water?

(b) Determine the total mass of the water.

(¢) Calculate the final volume.

(d) Show the process on a P-v diagram with respect to

saturation lines.

(a) Initially two phases coexist in equilibrium, thus we have a saturated liquid-vapor
mixture. Then the temperature in the tank must be the saturation temperature at the
specified pressure,

T =Ty @ s00kpa =17043 °C (Table A-5)

(b) The total mass in this case can easily be determined by adding the mass of each phase,

13



Vi 0lm’
ve  0001115m°/kg

V, 09m?
M= na0am e e
g - g

mg =mg+m, =89.69+3.74=93.43 kg

m =89.69kg

(c) At the final state water is superheated vapor, and its specific volume is

P, = 800kPa :
= 0.3544m’ /kg (Table A-6
T, =350°C }V2 m" kg (Table A-6)

Then,
V, =m,v, =(9343kg)(03544 m* / kg)=33.1m*

5-19 A frctionless piston—cylinder device contains 2 kg of
nitrogen at 100 kPa and 300 K. Nitrogen is now compressed
slowly according to the relation PV'* = constant until it
reaches a final temperature of 360 K. Calculate the work
input during this process. Answer: 89 kJ

P4 = const,

Nitrogen at specified conditions can be treated as an ideal gas. Then the
boundary work for this polytropic process can be determined from Eq. 3-12,

b 1-n 1-n
_ (2kg)(0.2968k]1/ kf -4K)(360 300K _ g0 0

14




5-20 i The equation of state of a gas i1s given as V(P +

Y 10/¥?) = R,T. where the units of U and P are
m-‘!knml .md kPa, respectively. Now 0.5 kmol of this gas is
expanded in a quasi-equilibrium manner from 2 to 4 m’ at a
constant temperature of 300 K. Determine (a) the unit of the
quantity 10 in the equation and (b) the work done during this
isothermal expansion process.

(a) The term 10/ 7% must have pressure units since it is added to P.
Thus the quantity 10 must have the unit kPa-m®/kmol®. P

(b) The boundary work for this process can be determined from

p_RIT _10_RT 10 _NRT 10N

v v VIN (VINP V)P —
and vV
2 4
2
W, = deV j NRI 10N" ), _ NR, rm 2o Lo L
v? Vi v, W
4m’ . , (1 1 1kJ
= (0.5kmol)(8.314kJ / kmol - K )(300K) In = + (10kPa - m® / kmol*)(0.5kmol) - y
_ $63.8k] 2m dm> 2 1kPa-m

15




5-39 An mnsulated piston—cylinder device contains 5 L of
saturated liquid water at a constant pressure of 150 kPa.
Water is stirred by a paddle wheel while a current of 8 A
flows for 45 min through a resistor placed in the water.
If one-half of the liquid is evaporated during this constant-
pressure process and the paddle-wheel work amounts to
400 kJ, determine the voltage of the source. Also, show the
process on a P-v diagram with respect to saturation lhines.
Answer: 224 V

W

We take the water in the piston-cylinder device as our system. This is a closed system since no mass enters
or leaves. The conservation of energy equation for this case reduces to

0" +Ww,,., —W,=AU+AKE™ + APE™
W, =W, =m(h, = h)
—(VIA) =W, = m(h, = hy)

since P = constant and AU + W, = AH for constant pressure quasi-equilibrium
processes.

P, = 150kPa} h) =h;g 500, =467.11kJ / kg
\"

sat.liquid | = Veasowa =0.0010528m’ / kg
P, =150kPa
05 h, =h; +x,h,, =467.11+ (0.5 x 2226.5)=1580.36kJ / kg
x, =0.
3
m=to 00M s 2
v, 0.0010528m" /kg
Substituting,

16



VIAt — (-300kJ) = (4.75kg)(1580.36 — 467.11)kJ / kg
VIAt = 4988kJ

_ 4988kJ 1000VA
(8A)(45%x60s)\ 1kJ/s

j: 2309V

5-35 A well-insulated rigid tank contains 5 kg of a
saturated hiquid-vapor mixture of water at 100 kPa. Initially,
three-quarters of the mass is in the liquid phase. An electric
resistor placed in the tank is connected to a 110-V source,
and a current of 8 A flows through the resistor when the
switch is trped on. Determine how long it will take 1o
vaporize all the liquid in the tank. Also, show the process on
a T-v diagram with respect to saturation lines.

H,0

V= constant

We take the water in the tank as our system. This is a closed system since no mass enters or leaves.

P, =100kPa | v, =0.001043, v, =1.6940m’ / kg
x, =0.25 u, =417.36, u, =2088.7kJ/ kg

v, =v, +xv, =0.001043+[0.25% (1.6940 —0.001043)] = 0.42428m" / kg
u, =u, +xu, =417.36+(0.25x2088.7)=939.5k / kg

U, =u =2556.7kJ | kg

T P e@0.42428m° / kg

v, =v, =0.42428m" | kg

sat.vapor } ?

The conservation of energy equation for this case reduces to
Q" —W,-w,” = AU + AKE™ + APE™

—W, =m(u, —u,) T

— (=VIAt) = m(u, —u,)

T

17



Substituting,

1 A
110V )(8A)At = (5kg)(2556.7—939.5)kJ / kg 0007
1k /s
At =9189s
~153.2min

5-40 {} A piston—cyhnder device imitially contains
“e& ' steam at 200 kPa, 200°C. and 0.5 m°. At this
state, a linear spring (F = x) is touching the piston but exerts
no force on it. Heat is now slowly transferred to the steam,
causing the pressure and the volume to rise to 500 kPa and
0.6 m°, respectively. Show the process on a P-v diagram with
respect to saturation lines and determine (a) the final temper-
ature, (b) the work done by the steam, and (c) the total heat
transferred. Answers: (3) 1132°C, (b) 35 kJ, (c) 808 kJ

H.0
200 kPa
Q 200°C

(a) We take the steam in the piston-cylinder device as our system. This is a closed system since no mass
enters or leaves.

P, = 200kPa }vl =1.0803m"> / kg

7, =200°C |u, =2654.4kJ | kg P
3
v, 1.0803m" / kg
3
Ve 06mT oem? kg

v, =
m  0.463kg

P, =500kPa T, =1131°C

v, =1.296m’ / kg | u, = 4321.9kJ / kg

18



(b) The pressure of the gas changes linearly with the gas, and thus the process curve on a P-V diagram will
be a straight line. The boundary work during this process is simply the area under the process curve, which
isa

trapezoidal. Thus,

_ (200+500)kPa

V,-V,)= : (0.6—0.5)m3[ 1

Pa-m

P+P
w, =Area:%(

(c) The conservation of energy equation for this case reduces to

Q-W, =AU +AKE™ + APE™
O=m(u, —u)+W,
Substituting,

Q = (0.463 kg)(4321.9 - 2654.4)kJ/kg + 35 kI = 807 kJ

5-66 A 4-m X 5-m X 6-m room is to be heated by a base-
board resistance heater. It is desired that the resistance heater
be able to raise the air temperature in the room from 7 to 23°C
within 15 min. Assuming no heat losses from the room and an
atmospheric pressure of 100 kPa, determine the required power
of the resistance heater. Assume constant specific heats at
room temperature. Answer: 1.91 kW

At specified conditions air can be treated as an ideal gas. We take the air in the room as our system.
Assuming the room is well-sealed and no air leaks out, we have a constant volume closed system. The
conservation of energy equation for this case reduces to

Q7 W, = AU + AKE™ + APE™
_VVe = m(u2 _ul) = va,ave(TZ - Ti)
or,

WAt =mC, 4 (T, ~T})

v, ave
The mass of air is

V=4x5x6=120m>

3
LRV _ (100 kP;z)(120 m) 1493 kg
RT, (0287 kPa-m’ / kg-K)(280 K)

Using C, value at room temperature from Table A-2a ,
—W,(15 % 60 5) = (1493 kg)(0.718 kJ / kg°C)(23—7)°C = ~1.91 kKW

The negative sign indicates electrical work is done on the system.
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5-67 A student living in a 4-m X 6-m X 6-m dormitory
room turns on her 150-W fan before she leaves the room on a
summer day, hoping that the room will be cooler when she
comes back in the evening. Assuming all the doors and win-
dows are tightly closed and disregarding any heat trans-
fer through the walls and the windows, determine the tem-
perature in the room when she comes back 10 h later. Use
specific heat values at room temperature, and assume the

ROOM
dmxbomx6m

FIGURE P5-67

room to be at 100 kPa and 15°C in the moming when she

leaves. Answer: 58.2°C

At specified conditions air can be treated as an ideal gas. We take the air in the room as our system.
Assuming the room is well-sealed and no air leaks out, we have a constant volume closed system. The

conservation of energy equation for this case reduces to

0™ —w,-w,”® = AU + AKE™ + APE”™®

W, =m(u, —u) = va,ave(Tz -1)
The mass of air is
V=4%x6x%6=144m’
LRV _ (100 kPa)(144 m*) 1742 kg

RT, (0287 kPa-m’/ kg-K)(288 K)
The electrical work done by the fan is

W, =W,At = (015 kJ / 5)(10 x 3600 5) = 5400 kJ
Substituting and using C, value at room temperature from Table A-2a,

- (-5400 kJ) = (174.2 kg)(0.718 kJ/kg°C)(T, - 15)°C

T,=58.2°C

20
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4-61 An insulated rigid tank is divided into two equal parts
by a partition. Initially. one part contains 4 kg of an ideal gas
at 800 kPa and 50°C, and the other part is evacuated. The par-
tition is now removed, and the gas expands into the entire
tank. Determine the final temperature and pressure in the tank.

We take the entire tank as our system. This is a constant volume closed system since no mass enters or
leaves the system. The conservation of energy equation for this ideal gas reduces to

0™ —w™° = AU + AKE™ + APE™
0= m(uZ _ul) = va,ave(TZ - Tl)
Thus,
T,=T, - 50°C Evacuated
and
Ah _Bh P, =22 5 = 1800 kPa) = 400 kPa
L T " 2

5-79 A mass of 15 kg of air in a piston—cylinder device is
heated from 25 to 77°C by passing current through a resistance
heater inside the cylinder. The pressure inside the cylinder is
held constant at 300 kPa duning the process, and a heat loss of
60 kJ occurs. Determine the electric energy supplied, in kWh.
Answer: 0.235 kWh

4

At specified conditions air can be treated as an ideal gas. We take the air in the piston-cylinder device as
our system. This is a closed system since no mass enters or leaves. The conservation of energy equation
for this case reduces to

Q-W,—W, =AU +AKE™ + APE™
O-W, =m(h,—h)
or
W, ==m(h,—h)+Q

since AU + W}, = AH for constant pressure quasi-equilibrium expansion or compression
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processes. From Table A-18,

Iy = g 05 x = 29818 kJ / kg
hy = hg3s0x =35049 kJ / kg

Substituting,
W, =-(15kg)(350.49 - 298.18)kJ/kg + (-60 kJ) = -844.7 kJ
or,
1kWh
W, =(-844.7k])| ——— |=-0.235kWh
3600kJ

5=104 A frictionless piston—cylinder device initially contains
air at 200 kPa and 0.2 m®. At this state. a linear spring (F = x)
is touching the piston but exerts no force on it. The air is
now heated to a final state of 0.5 m® and 800 kPa. Determine
{a) the total work done by the air and (b) the work done
against the spring. Also, show the process on a P-v diagram.
Answers: (a) 150 kJ. (b) 90 kJ

<

M\MMNWH\%

—

AlIR
F= 200 kPa
V=02 m'

|
(a) The pressure of the gas changes linearly with volume during this process, and thus the process curve on
a P-V diagram will be a straight line. Then the boundary work during this process is simply the area under
the process curve, which is a trapezoidal. Thus,

P, +P P
W, = Area = — 5 2(v,-V,) (kPa)
800 + 2
_ (200+800)kPa (0.5-0.2)m" 1kJ
2 o 1kPa-m’ 200 .
=150kJ
0.2 0.5

(b) If there were no spring, we would have a constant pressure
process at P =200 kPa. The work done during this process is

2 1kJ
Wy nospring = jl PdV =P(V, -V, )=(200kPa)0.5-0.2)m’ /kg(mJ = 60k]J
I/Vspring = I/Vb - VVb, no spring — 150-60=90kJ

22



5-110 A piston—cylinder device contains helium gas ini-
tially at 150 kPa, 20°C, and 0.5 m". The helium is now com-
pressed in a polytropic process (PV" = constant) to 400 kPa
and 140°C. Determine the heat loss or gain during this

process. Answer: 11.2 kJ loss

He
PU" = constant

Q

FIGURE P5-110

Helium at specified conditions can be treated as an ideal gas. The mass of helium and the exponent n are
determined from

o PV (150kPa)(0.5m* )
RT, (2.0769kPa-m®/kg-K)293K)

=0.123kg

PV, _ PV, ,V, = T,P, v, = 413K « 150kPa < 0.5m° = 0.264m"
RT, RT, T,P, 293K 400kPa
P v, 4 5
PV: :plv;l%(_zHV_lj A0 =t
1 2 :

Then the boundary work for this polytropic process can be determined from

W, = Iz pav = 2V =PV mR(T, -T,)
L I-n I-n
_(o. 123kg)(2.076?k11/ ;<3g6- KY413-2939K _ oy

We take the helium in the piston-cylinder device as our system. This is a closed system since no mass
enters or leaves. The conservation of energy equation for this closed system reduces to

Q-W, =AU +AKE™ + APE™
O=m(u, —u)+W,
or,

Q=mCy(T,-T)) +W,
Using C, value from Table A-2a,

Q = (0.123 kg)(3.1156 kl/kg-K)(413 - 293)K + (-57.2 k) = -11.2 kJ
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