Problems and Solutions 17-39

Problems and Solutions

11-1.  Equations of state for a single component can be any of the following, except:
(a) the ideal gas law, Pv=RT
(b) the ideal gas law modified by insertion of a compressibility factor, Pv = ZRT
(¢) any relationship interrelating three or more state functions
(d) amathematical expression defining a path between states

(e) relationships mathematically interrelating thermodynamic properties of the
material

: :Soiution

Al except (d) are correct The ideal gas law is the simplest equation of state; it is often applied
to real gases by using a compressibility factor Z Any relationships that interrelate thermody-
namic state function data are equations of state Answer (d) expresses the path of a process
.. betweer states rather than a relationship between variables at a single point or state The
" “answer is (d).

11-2.  On the Mollier diagram for steam, which
. of the numbered lines represents a line of con-
. stant pressure?

(a) Line 1 {d) Line 4
{(b) Line 2 {e) Line 5
(c) Line 3

Solution

(a) constant moisture 100 — x% or
quality x% (Line 1)

(b) constant temperature, °F (Line 2)

(c) constant superheat, °F (Line 3)
(d) constant pressure, psia (Line 4) ' Fig. 11-2
(e) constant entropy, BTU/Ib °R (Line 5)

‘Horizontal lines are constant enthalpy ot total beat content. The answer is (d).
' | 11-3,

) Satorated Property Table
~L°F  Ppsia v, ft? ve 8 B BTU/b hy, BIUMb s, BTU/BR sg, BIU/Ib°R
40 517 00116 0774 173 814 0.0375 0.166

80 989 00123 0411 264 85.3 0.0548 0.164
- 120 172 0.0132 0.233 36.0 88.6 0.0717 0.162
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Given the above data for Freon 12, what is its state at 40 °F and 25 psia?
(a) saturated liquid (d) saturated vapor
(b) superheated vapor (e) vapor-liquid mixture

(¢) cormpressed liquid

Solution
At 40 °F equilibrium between liquid and gas exists at 51.7 psia. Below 51.7 psia superheated

vapor exists, and above 51.7 psia only pressurized liquid exists. The answer is (b).

11-4. Using the previous Freon 12 data table, what is its entropy in BTU/b °R at 120 °F and
809% quality? :

(a) 0.057 (d) 288
(b) 0.144 (e) none of these
(c) 0.186

Solution

At 120 °F, 5= 0.0717 and Sgp = 0.162 - 00717 = 0.090 Here s, is saturated }iqu'id at 0%
quality and s ¢ is saturated vapor of 100% quality Thus s at 80% quality = 5 o+ (080y s 5 =
0.0717 + (0 80)(0.090) = 0.144 BTU/Ib °R. The answer is (b). '

11-5. Using the previous Freon 12 data table, what is its latent heat (heat of vaporization) in
BTU/b at 80 °F?

(@) 0219 (dy 589
(b) 0423 (2) none of these
(c) 264

Solution

Here, hfg = hg - hf =853-264=589BTU/b

The answez is (d).

11-6. A nonflow (closed) system contains 1 pound of an ideal gas (C, = 024, C,=017)
The gas temperature is incieased by 10 °F while 5 BTU of work are done by the gas. What is
the heat transfer in BTU?

fa) -3.3 (d) +74
b 26 (e) none of these
(c) +6.7

Solutien

The thermodynamic sign convention is + for heat in and + for wotk out of a system. Apply the
first law for a closed system and an ideal gas working fluid:
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AU =mC AT=g-w

017(10) =g-(+5), 17=¢g-5, g=67

' f_[he answet is (c).

[11-_7._. Shaft work of —15 BTU/Ib and heat transfer of --10 BTU/Ib change the enthalpy of a
system by

(2) —25 BTU/Ib (@) -5 BTU/b

(b) —15 BTU/Ib (¢) +5 BTU/b
(c) -10 BTU/Ib

e .
_Sulutiﬁn

.The first law applied to a flow system is
h=g-w =-10-(-15)=+5
The answer is (e)

11-8. A quantity of 55,000 gallons of water passes through a heat exchanger and absorbs
128,000,000 BTUs. The exit temperature is 110 °F. The entrance wates temperatute in °F is

nearest to:
(a) 49 {d) 73
(b) 56 ' (e) 82
(c) 68

Solution

For liquid wates, Cp =10BTU/Ib °F)

Q =mC,AT=mC,(T,1,)

8.33 Ib
S LoY110—17
gallonJ( i 1)

61.1=110—T, 7, =489 °F

28,000,000 = (55,000 gal)(

119, A fluid at 100 psia has a specific volume of 4 t*/lb and enters an apparatus with a
'3":Yelocity of 500 ft/sec Heat radiation losses in the apparatus are equal to 10 BTU/Ib of fluid
Supplied. The fluid leaves the apparatus at 20 psia with a specific volume of 15 ft3/1b and a
* Veloeity of 1000 ft/sec In the appatatus, the shaft work done by the fluid is equal to 195,000

~feIbflbm. Does the internal energy of the fluid increase o1 decrease, and how much is the

(2) 230 BTU/Ib (increase) (d) 257 BTU/b (decrease)
- (b) 244 BTU/b (increase)  (¢) 294 BTU/b (decrease)
© (¢} 250 BTU/Ib (decrease)
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Solution

The basis of the calculation will be: 1 Tbm :
Use the thermodynamic sign convention that heat in and work out are positive The firs;

law energy balance for the flow system: /i, + KE,~-h - KE =Q-W, Since the working fluig -
is unspecified and the internal energy change is desired, use the definition A =u + Py
u2+P2v2+KE2eu1fP1vl —-KE, = o-W
o1
Uy — Uy = Q—WS+Pl*Vl—}-KEIszug—KE2

0=-10BTU

/ W, = +195,000 ft bt

p, = 100 psia . —» p,=20psia

v, =40 ft%1b v,=15 ft*ih
e

500 ft/sec 1000 ft/sec

Fig. 11-9

Now calculate numerical values for all terms except i, — ¥y

, = 2D 55 5pTUM Py _ 100044930 _ 74 o BTUMD
778 778
2 2
KE, = ~—= _ 000" _ 559 BTUMD
2g]  (644)(778)

2 2
KE, V. __ B _soBTUMD
2g]  (64.4)(778)

= 195,000 ft-Ibf  BTU __ 9506 BTUMD
Tbm 778 fe-lof

Therefore,
ty— Uy = _10-250.6+740+50~ 555-200=-2571 BTU/Ib (decrease)

The answet is (d).

11-10. Fxhanst steam from a torbine exhausts nto a surface condenset at a mass flow rate

of 8000 ib/ht, 2 psia and 92% quality Cooling watet enters the condenser at 74 °F and leaves.

at the steam inlet temperature.
Properties of Saturated Water (US units): Temperature Table
v, f3/1b; u and b, BTU/D; 5, BTU/(b)(°R) '

Specific volume Internal energy Enthaipy Entropy :
Sat. Sat Sat

Temp. Press. Saf. Sat. Sat. Sat Sat.
°F  psia liquid  vapor liguid ~ vapor liguid  Evap. vapor ~ liquid vapor
7 IS v Ve 1t Uy hy by hy 5 -

74 04158 001606 7635 4209 10350 42.09 10517 1093.8 0.08215 2.0526
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The cooling water mass flow rate in Ib/hs is closest to
{(a) 157,200 (d) 88,000
it (b) 144,700 (e) 8,000
d (c) 95,000
Solution

Saturated steam table data at 2 psia are

T, °F ks, BTU/b b, BTU/b ke, BTUND
126.08 . 93.99 1022.2 11162

_’fhe enthélpy of steam at 92% quality = hy= hf + 0‘.92hfg

=940+092(1022 2) = 1034 4 BTU/ib
 The enthalpy of liquid water at 126 1 °F — k=94 0 BTU/Ib.

:_--:The enthalpy of liquid water at 74 °F = hy= 42 0 BTU/Ib above reference of 32 °F

STEAM )
2 psia, x=092 ~ - 126.1 °F
i, = 8000 Ib/he ) <
o \_ 74 °F COOLING WATER

11, = mass flow rate

Fig 11-10

As an alternate, one can find hf in steam tables at 74 °F ignoring negligible effect of
pressure on enthalpy of incompressible liquids

“In the absence of data

» assume that the steam condensate leaves at 126 1 °F; if a heat
balance is written over a 1

hour period, then the heat from steam = heat to cooling water, or’
g (ly —hy) = siny ()

8000(1034 4 — 94.0) = 771, (94 0 - 42 0)

i, = 144,700 Ib/hr

a]lowed to 11se 10 °F. The water flow rate in pounds/minute is

(a) 24 ' (@ 112
~ (b) 76 () 249
{c) 83
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Solution
Over a 1-minute period, the heat gain by water equals heat loss by Freon
m C Al = (b — 1)
m (1)(10) = 10(102 — 26)

m, = '-71%0 =76 Ib/min.

The answer is (b).

11-12. The maximum thermal efficiency that can be obtained in an ideal reversible heat
engine operating between 1540 °F and 340 °F is closest to '

(2) 100% () 40%
(®) 60% (&) 22%
(c) 78%

Solution

Maximum efficiency is achieved with a Carnot engine,
T, =340°F + 460 © = 800 °R; T, = 1540 °F + 460 ° = 2000 °R

W _ g4
N =
dy dy
o Ty
800

-2 1 _040=060=60%
2000

The answet is (b).

11-13. A threc HP refiigerator o heat pump opetates between 0 °F and 100 °F. The magi-
mum theoretical heat that can be transferred from the cold Teservoir 18 neatest o

(a) 7600 BTU/ (d) 35,000 BTU/hr
(b) 13,000 BTU/hx (¢) 43,000 BTU/br
() 23,000 BTU/t |

Solution

The coefficient of performance of a Carnot refrigerator or heat pump' is

CQP:__IL__:___J'@._R__-=46:§L:4“6
T,—T, 560°R-460°R W

~ Since 1 HP = 1545 BTU/hr, the work is w = 7632 BTU/M:

cope-dp _n4r- D 4 =35100 BTU/M
qn-q; w 71632

The answet is (d).
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11-14. In any non-quasistatic thermodynamic process, the overall entropy of an isolated
system will |
(a) Increase and then decrease (d) Increase only

(b) Decrease and then increase (e} Decrease only

(c) Stay the same

~ Solution |
_Quasistatic means infinitely slow, lossless, hypothetical, by differential increments. The ovezall
entropy will increase for an isolated system or for the system plus surroundings. The answer

s (d).

" 11-15. For spontaneously occurring natural processes in an isolated system, which expres-
. sion best expresses ds?

(a) ds=d—j? (@) ds<(

df dP
(b) ds @) ds=C, -k
(c) ds>0

: '_'Solu_tion

5 d . . .

(a) ds= % only. The reversible requirement is necessary to generate the exact
height vs rectangular area equivalence on the Camnot cycle 7-s diagram

(b) Only a reversible adiabatic process is isentropic by definition.

(c) All naturally occurring spontaneous processes are irreversible and result in an
entropy increase

(d) An energy input from the sutroundings is required to reduce the entropy.

(e) This is an expression fo1 the entropy change in an ideal gas.

The answer is (¢).

1_1-}6. ‘Which of the following statements about entropy is false?
. (a) The entropy of a mixture is greater than that of its components under the same
conditions ' :
) . {b) Anirmeversible process increases the entropy of the universe.
(¢) Entropy has the units of heat capacity.
(d) The net entropy change in any closed cycle is zero.

(e) The entropy of a crystal at 0 °F is zero.

Solution

All are true except (¢). The entropy of a perfect crystal at absolute zero (0 °K or 0 °R) is zero.
~This is the third Jaw of thermodynamics. There is presumably no randomness at this tempera-
fure in a crystal without flaws, impurities or dislocations. The answer is (e).
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11-17. A high velocity flow of gas at 800 ft/sec possesses kinetic energy nearest to which of
the following? .
(a) 103 BTU/Ab (d) 12 8 BTU/b
(b) 410 BTU/b (e) 410 BTU/Ib
- (c) 9.95 BTU/b

Solution

Per 1 Tbm of flowing fluid
2 .
KFE = V— in ft-Ibf, where V is in ft/sec, and g, =32.17

2g,
Use T =778 ft-Ibf /BTU to convert to BTU to obtain
2
KE = __80 12.8 BTU/Ib
2(32.171)(778)

The answer is {d)
11-18. (u + Pv) is a quantity called

(a) flow energy (d) enthalpy

(b) shaft work {e) internal energy

(c} entropy
Solution

Flow ene1gy is Pv. Shatt work, W, is —J. vdP  Entropy is s. Internal energy is # Enthalpy A s

' defined as u + Py, the sum of internal energy plus flow energy. The answer is (d).

11-19. .In flow process, neglecting KE and PE changes, —j. vdP represents which item below?
(a) heat transfer (d) flow energy '
(b) shaft work (e)' enthalpy change

(¢) closed system wotk

Solution

Shaft work is work or mechanical energy crossing the fixed boundary (control volume) of 2
flow (open) system. Shaft work W, is defined, in the absence of PE and KE changes, by dh =
Ids +vdP, where Tds =dq, and —vdPis dW_ In integrated form A= JTds +J- vdP =gq,,,~ W,
where W, is represented by —J. vdP . Closed system work W is defined by du = Tds — Pdv, of
Au= j Tds — dev =g,,,— W Thus closed system work is +J.' Pdv. Flow enexgy is the Py term,
and enthalpy change is AH. The answer is (D). : :

11-20. Power may be expressed in units of
(a) ft-Ib (d) kWihr
(b} BTU/M ~ (e) BIU
(c) HP-tx




Problems and Solutions B 11-47

Ft-1b, HP-hr, BTU, and kW-hr are the usual mechanical, thermal and electrical energy units.
Power is energy per unit time. The usual power units are ft-1b/sec, HP, BTU/hr and kW . The
answet is (b).

1-21‘. Given the following data: electricity cost, $0.015/kW-hr; natural gas cost, $0 065/
100 cu ft; heat content of gas, 1050 BTU/cu ft; how many more times as expensive is it to heat
a house by electricity than to heat the same house by gas if the electric heat is assumed to be
100% efficient and the gas is 60% efficient? The 1atio is nearest to

(a) 05 (d 30
(b 10 (e) 40
(cy 20

Sélution

In converting foot-pounds to BTU or vice-versa, 1 BTU = 778 foot-pounds.
Heating cost:

$0.065
0.60x 1050 %100

Natural Gas = =$103x10"°/BTU

$0.015% 0.746 kW/HP x (1 HP /33,000 ft-1b/min) x (1/60) x 778
1.0

Electricity =

= $4.40 x 10°5BTU
_ cost of electrical heating _ $4.40x107¢/BTU
cost of gas heating $1.03x10°°/BTU

=427

-

“(a) Rankine cycle with superheated vapor
" (b) Carnot cycle

Temperature, T

(c) Diesel cycle

(d) Refrigeration cycle >
Entropy, s

(e) Adiabatic process
- ' Fig. 11-22
" ':h_ltion_ :

he answer is (a).

1-23, Entropy is the measure of
. (a) the change in enthalpy of a system
(b} the internal energy of a gas
() the heat capacity of a substance
(d) randomness or disorder

(e) the total heat content of a system
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Solution

The answer is (d).

11-24. A Carnot heat engine cycle is represented on the I-s and P-V diagrams in Fig. 11.24
Which of the several areas bounded by numbers or letters represents the amount of heat re-
jected by the fluid during one cycle? '

(a) Area 1-2-6-5 (d) Area D-A-E-F
(b) Area B-C-H-G (e) Area C-D-T-H
{c) Arca3-4-5-0

Constant T
Constant 5
_ _
& it
2 g
[+ e
& [ -
e £
T ol
[_
C E F G H
Entropy, S Volume, V
Fig 11-24
Solution

The table below gives the significance of each area of the diagrams:

T-s5 diagram P-V diagram
Process Area representing heat ~ Arearepresenting work
Isothermal e-}_;pansion 1-2-6-5 = heat in from A-B-G-E = wotk done by
1-2and A-B high temp. reservoit  fluid
Isentropic expansion 2-3-6 = () heat transfer B—_C—I—I—_G = work done by
2-3 and B-C fivid
Isothermal compression 3-4-5-6= heat out to C-D-F-H = work done on
34 and C-D- Jow temp. reservoir fluid
Iseniropic compression 4-1-5 =0 heat transfer D-A-E-F = work done on
4-1 and D-A fluid
Net result of process 1—2-3—4 = net heat A_B_C—D = net work done
converted to woik by process

The answer is (c).
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11-25. A Carnot engine operating between 70 °F and 2000 °F is modified solely by raising

the high temperature by 150 °F and raising the low temperature by 100 °F. Which of the
following statements is false?

(a) The thermodynamic efficiency is increased

(b} More wortk is done during the isothetmal expansion.

(c} More work is done during the isentropic compression.

(.d) More Woxk'i_s done during the reversible adiabatic expansion.

(¢) More work is done duzing the isothermal compression

Sclution
“The Cainot cycle efficiency is originally

po =T _ 2460 "R-530 °R
T, -0 2460 °R

=0785
After the change

_ 2610630

=0 759 (efficiency is reduced)
2610

- On the T-s and P-V diagrams in Fig. 11-25 the original cycle is shown as ABCD, and the
modified cycle is shown as A’'B’C’'DY.

— Ar——m————B B

b B -
g *
2 ¢

S ol =

2L g
5[ E

= -

1 2 . 3 4 56 78 910
Entropy, s VYolume, V

Fig 11-25

- Compare the work done during the isothermal expansion (A to B vs. A’ to B):
. _' Original: area A-B-8-4
- - Modified: area A’-B"-7-3 is larger
5 Compare the work done during the isentropic compression (D to' A vs. D" to A”):
Original; area D-A—4-6
Modified: area D'-A’-3-5 is laiger
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Compare the work during the reversible (isentropic) expansion (B to C vs. B’ to C'):
Original; area B-C-10-8
Modified: area B'—C'-9-7 is larger

Compare the work during the isothermal compression (C to D vs. C'toD"):
Original; arca C-D-6-10
Modified: atea C’-D"-5-9 is larger

Statements (b), (C), (d), and (e) are courect. The answer is (a}. -

11-26. In the ideal heat pump system represented in Fig. 11-26, the expansion valve 4-1
performs the process that is located on the T-s diagram between points

(a) Aand B () DandE
(b) B and C (e) Eand A
(c) Cand D
Qu
Condenser
- o C
i e e "~
. / b
@ A / Highr B
= .
. B heat in Isentropic
Egsznsmn W, g / \\ compression
TCompressor E ,/ Low P \\‘_
,_ . | Il heat out N
4 G — 3 !
/ Evaporator
Q Entropy, 8
Fig. 11-26

Solution

The vapor compression reversed Rankine cycle is conducted counterclockwise on both the
schematic and 7-s diagrams. Numbers on the schematic and letters on the 7-s diagiam are
related: 1=A,2=B,3=D,and4=E. Process C—B—A occurs in the condenser between 2
and 1 The expansion process A—E occurs between 1-4. The answer is (¢).

11-27. Which ait-standard power cycle do the P-V and T-s diagrams in Fig. 11-27 represent?
(a) Otto cycle : (d) Rankine cycle
(b) Reheat cycle (e) Brayton cycle
(c) Carnotcycle
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Pressure, P

Temperature, T

Volume, V Entropy, s

Fig. 11-27
’ Solution

' .The Brayton cycle is applied to the simple open-cycle gas turbine wherein intake air is com-
- pressed (1-2), combustion supplies thermal energy (2-3), and combustion products expand
-and diive the turbine (3—4) and exhaust at 4 The answer is (e).

' 1128 Data in the table describe two states of a working fluid that exist at two locations in
_'__a'piece of hardware

P, psia v, ft¥/lb T,°F h, BTWIb 5, BTU/{Ib °F)

State 1 25 0.011 - 20 192 0.0424
State 2 125 0.823 180 2037 0.3649

Which of the following statements about the path from State 1 to 2 is fulse?
"' (a) The path results in an eipansion
~{b) The path.detelmines the amount of work done. .
(c) The path is indeterminate from these data.
(d} The pafh requires that energy be added in the process.
" {e) The path is reversible and adiabatic

Solution

- The large volume and entropy changes indicate a change from a condensed phase to a vapor
- phase. Temperature, pressure, and enthalpy increases tequire an energy input. The path from
1 to 2 is indeterminate since no information on intermediate states is given. Work is always
path dependent. The entropy increase means the process cannot be reversible and adiabatic

{isentropic) The answer is (e)

11-29.  Name the process that has no heat transfer.
~ (a) Isentropic (d) Reversible
(b) Isothermal (¢) Polytiopic

(c) Quasistatic
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Solution

abatic An adiabatic process has no heat exchange

An isentropic process is reversible and adi
with its surroundings An isothermal process is conducted at constant temperature A guasistatic

(almost static) process departs only infinitesimally from an equilibrium state. A reversible
process can have its initial state restored without any change (eneigy gain or loss) taking
place in the surroundings. A polytropic Process is conducted with changes in temperature,
pressure, volume, and entropy; it follows the relationship PV”* = constant, where n # Cp,v’C '
: ; v
The answer is (a).
11-30. Inaclosed system with a moving boundary, which of the following represents work =
done during an isothermal process? ' '
(a) W=P(V,-V))
®) W=0

© W=PlVllnfl- =Plv;1nﬁ — mRT Tn| 2L
5 i 5

BV,-BY, _mR(G-1)

(d) W=

1-k 1-k
o we BB _rRG-T)
1—-n 1-n
Solution

For a closed system (piston-cylinder type. non-repetitious) the wotk done is W= [PdV. The
above eguations are valid for ideal gases in the following processes:

(a) constant pressure (d) isentropic process
(b) constant volume (e) polytropic process
() isothermal process

The answer is (c).

11-31. The woik of a poiytropié (n = 1.21) compression of air (Cp/ C,= 1.40) in a systenl
with moving boundary from P; = 15 psia, V;=1.0 fe* to P, =150 psia, V, =015 f? is

(a) 355 ft-Ib (dy 2700 ft-Ib
(b) 324 ft-Ib (e} 5150 ft-lb

(c) 1080 ft-1b

Solution

The wotk of a closed system (moving boundary) polytropic process for an ideal gas is

o B R [1500.15)= 1500144 _ <40 55.1

1—n 1-121

which is work is done on the gas. The answer is (e)
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11-32. The isentropic compression of 1 ft? of air, C/C, =140, from 20 psia to a pressure of
100 psia gives a final volume of

(a) 0.16 ft? (d) 040
(b) 0.20 f1? (e} 056 fi
(c) 03213

- Solution

- An isentropic process for an ideal gas follows the path

PVk=P V¥ = P,V,* = constant, where k = C/C,

20(1)1 4 =100(V, 1 4 V,'4=020; hence V,=0317 {3
-_-’I.he answer is (c).

“11-33. An ideal gas at a pressure of 500 psia and a tempetature of 75 °F is contained in a
cylindei with a volume of 700 cubic feet. Some of the gas is released so that the pressure in
‘the cylinder drops to 250 psia. The expansion of the gas is isentropic. The specific heat ratio
is 140, and the gas constant is 53.3 ft-Ibf/lbm °R. The weight of the gas in lbm remaining in
-the cylinder is nearest to

(&) 900 (d) 1500
(b) 1100 {e) 1700
{¢)y 1300
Solution
- (iven:
| k =CJ/C =140 R =533 o
TP v B Ibm-°R
P, =500 psia P, =250 psia
V, =700 cuft V, =700 cuit
I, =75°F +460=535°R > =1
'. w, =7
-Basis:

The ideal gas law may be written PV = wRT and the basic equation for reversible adiabatic

k-1
L (&}
L \A

The gas remaining in the tank cools as it expands; the new temperature is

o \VE 141 1 \02857
n=1/2] - 535(@) = 535[1} =439 °R
A 500 2

- (isentropic) expansion is

1
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Now apply the gas law at State 2 P,V, = wyRI, and check dimensions to use the proper
conversion factoss.

1bf

.2 )
2507><1%“—><700 2 =, Tom 2o
11

Ihm-°R
. = Q?O_)L_WQ —1077 Ibm
? (533)(439)

¥ 439 °R

The answet is (b).

11-34. The theoretical hotsepower required for the isothermal compression of 800 ft3/min
of air from 14.7 to 120 psia is closest to

(a) 70 (d) 130

(b) 90 (e) 150

(c) 110 '
Solution

Since a volume flow 1ate is specified, the process is a flow process. The work of isothermal
compression of an ideal gas is numerically the same in a steady flow process as in a closed
system:

PV = constant = P1V1 = P2V2 =mRI

% V. B v, P
In a closed system, W= J PdV = BV, n-+ =RV, nfL = mRT In-2 =mRI In—
vl 14 P, 14 R,
% £ B v, v, P
In a flow system, W, = | VdP=—RV;n - =F¥ 102 = PV, In-2=mRT ln—>=mRT In—
P P v, v, |
P 1 Z 1 1 2

Over a 1-minute interval
B , 4.7 ] .
W, = PV, In —13— = 14.7(144)(800) In —1—2—0— = —3,560,000 f1-]b/min (wotk in)
2 .

- 3,560,000 ft—lb/ma.n —108 HP
33,000 ft-1b/HP-min

The answer is ().

11.35. Which of the following statements is false concerning the deviations of real gascs
from ideal gas behaviot?

(a) Molecular atit action interactions are compensated for in the ideal gas law.

(b) Deviations from ideal gas behaviox are often large near the saturation curve.

(¢) Deviations from jdeal gas behavior become significant at pressuies above the
critical point.

(d) Molecular volume becomes significant as specific volume is decreased.

(e) The compt essibility factor Z is used to modify the ideal gas equation of state to fit
real gas behaviot
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- Solution

All statements except (a) are true The ideal gas law does not consider the volume of the
molecules or any intetaction other than elastic collisions. The anwer is (a).

--11-36. There are 31b of airin a rigid container at 25 psia and 100 °F. The gas constant for
ai1 is 53.35 ft-Ibf/lbm-"R . The volume of the container in %, is nearest to

(@) 22 (d) 31
®) 25 (&) 34
) 28

‘Solution

The ideal gas law is PV = mRT
Here P = 25 psia x 144 = 3600 16/, and T, = 100 °F + 460 = 560 °R
: ﬁence :
3600V = 3(5335) (560)

| . _3(53.35)(560)
3600

I"He answer 18 (b).

=249 {13

1137, A mixture at 14 7 psia and 68 °F thatis 30% by weight CO, (m w = 44) and 70% by
weight N, (m.w = 28) has a partial pressure of CO, in psia that is nearest to

@ 214 () 786

) 315 (e) 1155

(c) 683

'- ‘Solution

‘The calculation is based on 1 Ib of mixed gases 1) Calculate the weight of each component
- and the number of moles of each that is present. 2) Compute the mole fiaction of each, and

_. apportion the total pressure in proportion to the mole fraction. The computations are in the
~following table:

Number of Partial Pressure,
Component ~ Weight, Ib Ib-moles Mole Fraction . psia
Co, 030 239 _ 5 00682 000682 _ 0.214 315
44 0.03182
, 0.70 870 _ 6 0230 00250 _ ) 266 11.55
28 0.03182

Total 1.00 0.03182 1.000 14,70
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gas is the same as the volume fraction, the composition of the

Since the mole fraction of a
8.6% vol. N, From the table, the correct partial pressure of -

mixture is 21.4% vol. CO, and 7
CO,is3 15 psia. The answexr is (b).

consisting of 21 mole-percent O,,

an average molecular weight of 28.9,
,)- The weight-percent of O,

11-38. Dry air has
~percent Argon (and traces of CO

78 mole-percent N, and 1 mole

is nearest 0
(a) 21.0 (d) 246
(b) 22.4 (e) 280
(c) 232
Solution
The calculation will be based on 1 1b-mole of dry air and arx anged in the following table:
Component m.W. Mole Fraction Weight, 1b. Weight, %
0, 320 021 672 232
"N, 28.0 0.78 2180 75.4
Ar 40.0 0.01 0.40 14
Totals 1.00 28.92 100.0

The answes is (¢)

11-39, The tempesature difference between the two sides of
a solid rectangular slab of area A and thickness L as shown in
Fig. 11-39,is AT. The heat transferred through the slab by con-

duction in time, £, is proportional o

(a) ALATt (d) %ﬁ
AT AMATY't
(o) AL= o AADt
t L
(©) AL——
AT
Solution
The heat transfer rate through the slab by conduction is governed by the equation
0 = KAATIL |
In time ¢ the amount of heat transfex is proportional to

AT
A—1
L

The symbol kis the cocfficient of {hermal conductivity of the material, hence the heat transfet

in a given material is propoitional to the other variables. The answer is (d)
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' .'1.1--4{}. The composite wall in Fig. 11-40 has an outer temperature 1,=20 '°_P and an inner
temperature I, = 70 °F. The temperature T, in °F is nearest to

@ 27 @ 58
- (b) 38 _ (e) 69
{cy 46

Brick Cellotex _Plaster
k=040 k=003 k=030

Fig 11-40

Solntion

At steady state the same Q flows across each material, and the temperatures descend in direct
proportion to the thermal resistances (teciprocal of conductivity).

Resistance of brick = = = 0.667 fzt =167 ft*-°F/BTU
: k 040 BTU/(ft“-°F/ft)
0.083 ft ‘
Resistance of Cellotex = - = ———— =2 77 {2-°F/BTU
- k 0.03
: x 0042 1t 2
Resi : = —=————=014 {t*-°F/BTU
‘Resistance of plaste % 030

Total tesistance = 1 67 + 2.77 + 0 14 = 4.58 f2-*E/BTU

0n— Al Z[AI
total tesistance \ x/k layer
"Hence,

LS _L-%_L-T,_L-1

= =10.85 BTU/hr
-458 014 277 167

1,~T,=15°T, since I,="10°F, I,=685°F. -
- I,-T,=303°F, since I;=685°F, T7,=382°F
I,-T 1=182°F, since 7,=382°F, T 1 = 20 °F (in agreement with given data).

The answer is (e).
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11-41. In Fig 11-41, the inner wall i at 80 °F, and the outer wall is exposed to ambient
wind and surroundings at 40 oE The film coefficient, k, for convective heat transfer in a 13-
mph wind is about 7 BTU/ (tn-ft2-°F) Ignoring any 1adiation losses, an overall coefficient (in
the same units) for the conduction and convection losses is most neatly :

Thermodynamics

() 014 @ 71
(b) 080 (e) 82
(c)y 125

15 mph wind

T, =40°F for wind and
surroundings

k= 030 BTU/(fE2 hr °F/it)

Fig 11-41

Solution
Since conduction and convection are based on AT, absolute temperatures are not required For

steady state, the heat conducted through a wall must equal the heat lost by convection:

0= BED) - pacr, - 1) )

Ina simﬂeu way, () can be expressed by an overall coefficient
Q= UA(Tl - T3) 2

Here, U is calculated in a manner analogous to that used for thermal conductivitics in series:

1
U= 1 1 (3)
W E
In this case,
1 1

U= — 0.80 BTU/(r-ft>-°F)

LyME 01434111
If the question had asked for T,, Eq (1) could be used to find it Similarly, the solution for 0
per unit area from Eq. (1) would lead to a value for U from Eq. (2):

0.30
=2 (80~ T,) =T(T, =40
0=75¢ 2) =T, ~40)

0=72-091,=T1,- 280; thus 7, = 352/79=446°F, andQ= 32 2 BTU/(he-ft%)
Now, 0 =UA(T,~T;) = 3122 = U(1)(80-40), U= 32 2/40 =080 BTU/(h-{t%-°F)

Note that this alternate approach does not apply when more than one film coefficient and o0&
conductivity are involved, but information on the interface temperatures is missing. The af-
swer is (b}
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11-42. Heat is transferred by conduction from left to right through the composite wall shown
~ inFig 11-42. Assume the three materials are in good thermal contact and that no significant
~film coefficients exist at any of the interfaces The overall coefficient IJ in BT U/ht-fi2-°F is

- jnost nearly

(@) 0.04 (d) 091
(b)) 0.13 (€ 192
(c) 035

Fig. 11-42

".Solution

':The overall coefficient U, the thermal conductivity, k/x, and the film coefficient, h, are the
rec1p10cals of their thermal tesistances. Thermal resistances in series are handled analogously

" to series elecirical resistances; hence

The overall coefficient U is then used in the simplified conduction equation Q = UAAT.
In this problem

U= 1 = I =0 126 BTU/(he-ft>-°F)

A3z U2 0524 625+1.19

- -The answer is (b).

1143, The heat Joss per hour through 1 f2 of furnace wall 18 in. thick is 520 BTU. The
inside wall temperature is 1900 °F, and its average thermal conductivity is 0.61 BTU/h1-ft-°F.
The outside surface temperature of the wall is nearest to

(a) 100 °F (d) 1000 °F
(b} 300 °F (e) 1900 °F
(¢) 600 °F
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Solntion

The heat conduction equation is

where T, = 1900 °F, T, = outside temperature, k= 061 BTU/h-{t-°F, Q/A = 520 BTU/h,
and L=151t.
Solving for I, one has

2L o 52012 11900 = -1280+1900 = 620 °F
Ak 0.61

The answer is (c).

11-44. Which of the following is not a usual expression for the power/unit-area Stefan-
Boltzmann constant for black-body radiation?

(a) 136 x 1072 cal/(sec-cm?-°K*)

(b) 568 x 107% ergs/(sec-cm?-°K*)

(c) 568 x 1078 watts/(m?-°K*)

(d) 0.171 % 1078 BTU/(ft*>-hr-°R%)

(e) 5.68 x 1078 coulombs/(sec-m>-"K*)

Solution

All are numerically cotrect conversions of the constant in terms of power per unit area The
electrical units of choice (e) are not recognized as appropriate, although they are numerically
equivalent to a correct constant of 5 68 x 1078 coulombs/(sec-m?-°K?) The answer is (e).




