13-38 A rigid tank that contains 1 kg of N2 at 25°C and 300 kPa is connected to another
rigid tank that contains 3 kg of O2 at 25°C and 500 kPa. The valve connecting the two
tanks 1s opened, and the two gases are allowed to mix. If the final mixture temperature is
25°C, determine the volume of each tank and the final mixture pressure.

Assumptions Under specified condifions both M, anci O, can be freated as ideal gases, and the mixture as
an ideal gas nuxture

Properties The molar masses of N; and Oh are 28.0 and 32,0 kgfomeld, respectively {Table A-1)
Analysis The volumes of the tanks are

’m&r‘* _ (1 kg)(0.2968 kPa -m’kg-K)298K) 0.205 m?
[ ,\ 300 kPa S HegNe |2l 3kg0s
) , . N 25°C 25°C
o, f B {3ka}0.2598 kPa -m’ kg K298 K) = 0,465 1 100 [P 500 1Bs
_i o= = e I
Py 500-kPa
Vi =, Vb, =0.295m’ +0.465 m®> =076 m’
Also,
| iy, kg _
my_ =1lke v Ny, =—2 = =0.03571 kmol
By 700 % "My 28 kglkmol
i, k
ity =3 kg > Ny, = % ‘_Bkg = 009375 kmol
? Mg, 32 kgfkmol
N, =Ny +Ng =0.03571 kmol+0.09375 kmol =0.1295 kol
Thiss,

> _i’ M‘iﬂi'} _ {0.1295 kmol)(8 314 kPa-m" fanol- K}298 K}
e =

_ 3 =422.2 kPa
vV, 0.76 m —_—




13-5Z An insulated rigid tank is divided into two compartments by a partition. One
compartment contains 2.5 kmol of CO2 at 27°C and 200 kPa, and the other compartment
contains 7.5 kmol of H2 gas at 40°C and 400 kPa. Now the partition is removed, and the
two gases are allowed to mix. Determine («) the mixture temperature and (b) the mixture
pressure after equilibrium has been established. Assume constant specific heats at room
temperature for both gases.

Asseapiives 1 Under spectited conditions both COy and H, can be freated as ideal gases, and fhe mixture
as an wleal gas mixture. 2 The tank is insulated and thus there 15 no heat transfer. § There are no other
forms of work ivodved.

Properties The molar nuasses and specific heats of CO; and H are 44.0 kgkmol, 2.0 kg/hmol, 0.657
kFkg o, and 10.183 kJikp °C, respectively. (Tables A-1 and A-Zb).

Analysis {a) We take both gases as our system. No heat, work, or mass crosses the system boundary,
therefore this is a closed system with @ = 0 and = 0. Then the energy balance for this closed system

reduces to
By _ B = a‘E{;ssm _
B=aAl7= ﬁ&"co +AU1‘.I
0 ={mc {T -5 Em mt.! - fl}]ﬂ,
Using ¢, values at roont temperaure and noting thatm = Mg,
the final temperature of the mixture is determined fo be
(2.5% 44 kg ){0.657 klikg -°C)(T,, —27°C)+(7.5x 2 kg)10.183 klkg- °C)(T, —40°C} =0
7, =35.8°C {(3083K)

{E} The volome of each rank 5 determined from

H

2.5 ol 7.5 bmet

2001Ps 400 kPa
I 46°C

I FFFT e

NR.T, 25k 8.31 113 . _ .
Vo, =f’ T _ (2.5 kemol)( 41{Pa.m fkmel z{){seamﬂhmm)
: j 200 kPa
< 2 T 5 5 g - - 3 i / y ] .
_| MR _ (7.5 kanol¥(8.314 kPa -m° fkmol - K313 K 4899 p¥
2 400 kPa
'ﬁiua,
U =Voo, +Vi, =3118m° + 4879 m° = 79.97 m’
w = Neo, + Ny, =2.5 kmol+7.5 Janol = 10.0 kmel
' d T R, 3
wd  Bo- N BTy _ (10.0 kmoB)(8 314 kPa -m® ol - K)(308.8 K) 331 KPa
L 79.97 m’ il



13-65 Air, which may be considered as a mixture of 79 percent N2 and 21 percent O2 by
mole numbers, is compressed isothermally at 200 K from 4 to 8 MPa in a steady-flow
device. The compression process is internally reversible, and the mass flow rate of air is
2.9 kg/s. Determine the power input to the compressor and the rate of heat rejection by
treating the mixture («) as an ideal gas and () as a nonideal gas and using Amagat’s law.

Assumprions 1 This 5 3 steady-flow process. 2 The kinetre and potential energy changes are neglimible.
. Properties The molar mass of air 15 29.0 kgkmol. (Table A-1).
Analysis The mass flow rate of air can be expressed m terms of the mole nusmbers as

Hi 290kais

_N-mﬁ,mmmmws ;
(&} Assuwrmng sleal gas behavior, the A% and Ac of air during this process is ;
=0 (isothermal process) %
gzl ano g n?
4 A B B

=—{8314 k¥kg -K}in 8 i"gz =—5.763 kFkmol - K

Drsregardmg any changes in lavetic and potential energies, the steady-flow energy balance eguation for the
wothermal process of an wdeal gas reduces to

. . - A { 5
S Msymm. e 0
By =Eqy
W+ N =0, + N,
W, -0, =R =0 —— #, =0

ot et

Also for an 1sothermal, intemially reversible process the heat transfer is related to the entropy change by
Q= TAS = NTAT _
0 = FTAT ={0.10 kmol/s {200 KY—5.763 klfkmol K}=—1153kW — @, =115.3kW

Therafore,

7, =0, =115.2 kW

{F) Using Amagat’s low and the gene:c’ﬁ:zaé charts, &1& enthalpy and entropy changes of each gas are
determnmed from

53 -n=2£&, (Zsl Zz: )-s—{53 Ss)séeat

where
my A Lig Q

B Py 338 l!-'T' 7 —03
. T 5 = 02
Nz: TRi = T}L = ¢ = —%O% = \ ‘53 F {Tabies .4-29 an A—Bﬁ}

. _ TCI-.N-: 1262 Zﬁzz =0‘q zas3 _ 8{14, }
P = Pmlz — i =2 36 . .
%Py, 339




Py =2 787
A 2.5 3
o 7,-85.2,-35
Oy Ty =Tp =7"—= E,z == /29| - . {Tables A-29 and A-30)
R X
Py =—22 % 1575
Frp, 508
Then,
Ry =By =y, 00 = =, (ha — gl)’\!., +¥o, (&2 _fgz}o
—{0.79)8. 314)(1‘75 é} 27 04)+(021(B314HI548Y55 +/)+
- -5i8. 6’? kmof- K
5y =5 =345 =y, (52—, +¥0, (% ~Fi)e,
- ({s T9NE31A)(02 L)+ (0.21)(8.314)(03 5 + (-5.763)
“ Q0¥ K fumol K
This,

O e =~ =—{0.10 kemnol/s {200 K)E8, i i klikmod - K} = gi_ag KW
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14-27 A house contains air at 25°C and 65 percent relative humidity. Will any moisture
condense on the inner surfaces of the windows when the temperature of the window

drops to 10°C?

Assumptions The air and the water vapor are ideal gases.

Amalysis The vapor pressure P, 15 nmform throughout the
honse, and its value can be determined from

B, = gP, e = (0.65)(3.1698 kPa) = 2.06 kPa

The dew-pomt temperature of the air in the house is

- . T
Ta SR, "Tsar@z.@ﬁk;»a =18.0°C

That is, the modsure in the honse anr will start condensing when the temperature drops below 18.0°C. Since
the windows are at a lower temperatise than the dew-point temperatuce, some mossinge wilf condense on
the window surfaces. '

14~-46 The air in a room has a pressure of 1 atm, a dry-bulb temperature of 24°C, and a
wet-bulb temperature of 17°C. Using the psychrometric chart, determine (a) the specific
humidity, (») the enthalpy (in kl/kg dry air), (¢) the relative humidity, (d ) the dew-point
temperature, and (e) the specific volume of the air (in m3/kg dry air).

Analysis From the psychrometnic chart (Fig. A-31) we read

{2} o=00092kgH.O/ kg doyaw
(8) h=4761 ke dry aie

(©) §=496%

() Ty =128°C

E’g} v =0855 13_33 K kg dl—}"ﬂﬂ'




14-129 Air enters a cooling section at 97 kPa, 35°C, and 30 percent relative humidity at a
rate of 6 m3/min, where it is cooled until the moisture in the air starts condensing.
Determine (a) the temperature of the air at the exit and (b) the rate of heat transfer in the

cooling section.

Analysis () The amount of meisture in the air also remams constant (@, = o, ) as i flows through the
cooltg section since the process mvolves no humcification or dthmmcl:ﬁcauam The total pressuve 15 97
kPa. 'fhe properties of the air a the inlet state are

By =P =8Py 35 = (0.3)(5.629kPa) =1.69kPa -
Cooling &
Py=B-P,=97-169=9531kP2 T coils f
~R% {0287kPa-m’/kg-K)308K) 35°%C
B, 95.31KPa @ s > - Q@
Smimia ~ 9TiPa AR
=0927 m* 7kg divatr

_ 06228, _06220.69kP8) o oo ke B, Ok dry i (= o)

R B (97— 169)1Fs
iy =0, + ah,, (1005 kFkgoC)(35°C) = {0.01 10)(2564.6 khke) = 63 44 kJ/kg dey aic
The afr at the Fnal state is saturated and the vapor pressure during this process remiains constant. Therefore,
the exit temperature of the air must be the dew-point temperature,
Td}: = T’E&[{%—‘.P;e “ﬂa{@l,ﬁgk?a =14.5°C

(T} Theenthalpy of the air at the exit is
fis =€, + shgy =(1.005 kiikg - °C)(14.89C) +(0.01 10)(2528.1 kTkg) = 42.78 k¥kg dry air

Also —i= ﬁ?} fs —= 64T kgimn
v 0927 m” Skodoyar
Then the rate of heat ransfer from the air m the cooling seciion becones
O =1 (B —hy ) = (6.47 kg/min¥(63 44 — 42 78)dlg = 134 k¥/min
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