13-52  An insulated rigid tank is divided into two compart-
ments by a partition. One compartment contains 2.5 kmol of

CO; at 27°C and 2000 kPa, and the other compartment con-
tains 7.5 kmol of H, gas at 40°C and 400 kPa. Now the parti-
tion is removed, and the two gases are allowed to mix.
Determine (a) the mixture temperature and (b) the mixture
pressure after equilibrium has been established. Assume con-
stant specific heats at room temperature for both gases.

H,
7.5 kmol

40°C
400 kPa

13-22 The moles, temperatures, and pressures of two gases forming a puxture are given. The muxiure
temperature and pressure are to be determined.

Assumprions 1 Under specified condiions both C0; and H. can be treated as 1deal gases, and the maxture
as an ideal gas mixture. 2 The tank 15 insulated and thus there 1= no heat transfer. 3 There are no other
forms of work mmvolved.

Prapernies The molar masses and specifie bheats of OO0 and Hs are 44.0 kg'kmol, 2.0 kp'kmol, 0.657
kIkg *C, and 10.183 kI'kg."C, respectively. (Tables A-1 and A-2b).

Analysis (a) We tzke both gaze:z as our system. Mo heat, work, or mass crosses the system boundary,
therefore this 1= a closed system with O = 0 and W = (. Then the energv balance for this closed system
reduces to

Eiu. - Eu'nt = ﬂElm
0=AU = AUgp + AUy,
a =[:I'H£'l_, I:rm- _Tl ]Ilcnz + [m""v I::Tm _IEI :I]H:
Using ¢, values at room temperature and noting that m = NAM,
the final temperature of the mixture 15 determined to be
(2544 kg 0657 klkg-*CNT, —27°C)+(7.5% 2 ke J10.183 kIke -=C)T,, —40°C)=0
T, =35.8°C (J038K)

(b) The volume of each tank 1= determimed from

v _[J'm,,rl 1 _ (2.5kmol)(8.314 kPa-m’ kmol-K)}300 K) 318
oo, < = =L
B e, 200 kPa
NR, T m> )
Ve, =[ WTi | _ (7.5 kmol)(8.314 kPa-m” kmol K)G13K) _ 0o
By 400 kPa
Thus,
V, =Veg, +Vy, =3118m° +4879m’ =79.97 m’
Nu =Ngo, + Nz, =2.5kmol+ 7.5 kmol =10.0 kmol
N R.T ~m )
nd p = ¥uhTw _ (100 kmol}8 314 kPa-m kmol E}308.8K) _ ... o

" r, 79.97m’



14-15 A tank contains 21 kg of dry air and 0.3 kg of water
vapor at 30°C and 100 kPa total pressure. Determine (a) the
specific humidity, (b) the relative humidity, and (c) the volume
of the tank.

14-15 A tank contains dry air and water vapor at specified conditions. The specific humidity. the relative
humidity, and the volume of the tank are to be determined.

Assumptions The air and the water vapor are ideal gases.

Analysis (a) The specific humidity can be determined form its definition.

m, 0.3kg
= =

=0.0143 kg H,O/kg dry air

m, 2lkg
. : caccrira af ratar at 200 21 kg dry air
(b) The saturation pressure of water at 30°C is 0.3 ke HyO vapor
Pg = Psat@30°c =42469KkPa 30°C
100 kPa

Then the relative humidity can be determined from

: 0.0143)(100 kP
PEL S ( X 2) ~52.9%
(0.622+@)P,  (0.622+0.0143)(4.2469 kPa)

(¢) The volume of the tank can be determined from the ideal gas relation for the dry air.
P, = ¢P, =(0.529)(4.2469 kPa) = 2.245kPa
P,=P—-P,=100-2.245=97.755kPa

U= MaRaT _ (21kg)(0287ki/kg K)(303K)
P, 7.755kPa

=18.7m?

14-17 A room contains air at 20°C and 98 kPa at a relative
humidity of 85 percent. Determine (a) the partial pressure of
dry air, (b) the specific humidity of the air, and (c) the
enthalpy per unit mass of dry air.

14-17 A room contains sir at specified conditions and relative lumidity. The partial pressure of air, the
specific bumidity, and the enthalpy per unit mass of dry air are o be determined.
Assumpsions The zir and the water vapor are ideal gases.
Amalysts () The partizl pressure of dry air can be determined from

P - g!Pa -l g are = (0.85){2.3382 kPa) =1 988 kPa

P, ~P-P, -08-1033-096.01kPa ALR
20°C
(b) The specific nmidity of air is dstermined from 95 kPa
85% RH

0622P, _(0.622)(1988kPa) o oo ke H,O/ke dry air
P-F  (95-198%)kPa .

() The enthalpy of air per unit mass of dry air is determined fom
h=Fy +ohy wc, T +ohy,
= (1005 ETkg - *C)20°C) + (0012802537 4 kI kg) = 5278 L) kg dry air




14-31 The dry- and wet-bulb temperatures of atmospheric
air at 95 kPa are 25 and 17°C, respectively. Determine (a) the
specific humidity, (b) the relative humidity, and (c) the
enthalpy of the air, in kl/kg dry air.

14-31 The dry- and wes-bulb temperamres of amoespheric air at 3 specified pressure are given. The specific
hnmidity, the relative humidity, and the enthalpy of air are to be determined.

Assumprions The air and the water vapor are ideal gases.
Amnalysiz (a) We obiain the properties of water vapor from EES. The specific bomidity ¢n is determined
fom

e (T -T)+ .sr}.irgl
H.I -
by —hpy 05 kPa
259
where I is the wet-bulb temperatore, and a» is determined from T 'E]C?:C
wh ™
o 0.622F,; (D622H1.038kDs)
TR -F,  (95-1038)kPa
k= ¢ —F 2 !
_ .005kTkg - *C)(17 - 25)°C + (0.01205)(2460.6 kT k) 0.00963 kg H ,O/ke dry air
[2546.5 - 71.36) kTkg
(#) The relative lunidity ¢ is determined from
an B (DU009633(%5 kPa)
(06224 )Py (0.622 +0.00863)(3.1608 kPa)
(¢} The enthalpy of air per unit mass of dry air is determined from
by =k by we, T +ayhy, = (1005 kg - "C)25°C)+ (D.00963)(2546 5 kT kg)
- 4065 kN kg dry air

= 001285 kg H,Ovke dry sit

Thus, &,

=0.457 or 457%

#

14-32 The air in a room has a dry-bulb temperature of 22°C
and a wet-bulb temperature of 16°C. Assuming a pressure of
100 kPa, determine (a) the specific humidity, () the relative
humidity, and ic) the dew-point temperature. Answers:
(8) 0.0090 kg H,O/kg dry air, () 54.1 percent, (c) 12.3°C



14-32 The dry- and wet-bulb temperatures of air 1n room at a specified pressure are given. The specific
humdity, the relative humidity, and the dew-point temperature are to be determined.

Assumptions The air and the water vapor are ideal gases.

Analysis (@) We obtain the properties of water vapor from EES. The specific humidity @, 15 determined
from

_ CP(‘TE _Tl}'l-ﬁ.}z}?fgz

ey =l 100 kPa
where T5 1s the wet-bulb temperature, and &, 1s determuned from 22°C
T,n = 16°C

0.622P;;  (0.622)(1.819 kPa)

P,-P,, (100-1.819)kPa

iy = =0.01152kg H,O/kg dry air

_ (1005 kJ/kg - °C)(16 — 22)°C + (0.01152)(2463.0 k/kg)
o= (2541.1-67.17) kl/kg
(#) The relative humidity ¢ 1s determined from
@, P, (0.00903)(100 kPa)
(0.622+ )P,  (0.622+0.0091)(2.6452kPa)

Thus,

= 0.00903 kg H,O/kg dry air

= =0.541 or 54.1%

{¢) The vapor pressure at the inlet conditions 1s
P,y = 4Py = $1 Py iy 1o-c = (0.541)(2.6452 kPa) =1.432 kPa

Thus the dew-point temperature of the air 1s

Ty =Tatap = Tat@iase, =12.3°C

14-35 Atmospheric air at 35°C flows steadily into an adia-
batic saturation device and leaves as a saturated mixture at
25°C. Makeup water is supplied to the device at 25°C. Atmo-
spheric pressure is 98 kPa. Determine the relative humidity
and specific humidity of the air.

14-35 Amnosphernic air flows steadily into sn adisbatic samration device and leaves as a saturated vapor.
The relative lmmidity and specific lnmidity of air are to be determined.

Assumpitons 1 This is a steady-flow process and thms the mass flow rate of dry air remains constant during
the enftite process (= M, = M ). 2 Dry air and water vapar are ideal gases. 3 The kinetic and potential
energy changes are negligible.

Analysis The exit state of the air is completely specified, and the total pressure is 98 kPa The properties of
the moist air at the exit state may be determined from EES to be

Rty = T8.11 kT kg dry air
@, = 0.02079 kg H,O/kg dry air

. Water
The enthalpy of makeup water is A5
byl e w104 83kIkE  (Table A-4) I"I
B Humidifier
An energy balance on the control vohime gives
35=C ATR. A5C
By (g )b, =Ry 25 kFa . _, 9kP2

By +(0.02079 — oy W14 B3ETEz) = TR 11KTE: o 100%%
Pressure and temperature are known for mlet air. Other ]
properties may be determined from this equation using
EES. A hand solotion would regquire a trial-emor
approach. The results are

hy = 77.66 kT kg dry air
@y = 001654 kgH, Olkg dry air
i = 0.4511




14-68 Air enters a heating section at 95 kPa. 12°C, and 30
percent relative humidity at a rate of 6 m*min, and it leaves
at 25°C. Determine (@) the rate of heat transfer in the heating
section and (B) the relative humidity of the air at the exit.
Answers: () 91.1 kl/min, (b) 13.3 percent

14-68 Air enters a heating section at a specified state and reladve umidity. The rate of heat transfer in the
heating section and the relative bomidity of the air at the exit are to be determined

Assumpsions 1 This is a steady-flow process and thums the mass flow rate of dry air remains constant during
the entire process. 2 Dry air and water vapor are ideal gases. 3 The kinetic and potential energy changes are
negligibla.

Amnalysis {a) The amount of moismre in the air remains constant (& = @) &s it flows throngh the heating
section since the process imvolves no humidification or delmmidification. The inlet state of the air is
completely specified, and the total pressure is 95 kPa The properties of the air are determined to be

By = Py = $1 Py oec = (0.3)(1.403kPs) = 0.421kPa
Py =P —Fy=95-0421-04.58kPa

BT, (0287kPa-m® kg E)285E)

v 95 kPa
F, 04.58kPa @D 12¢ — 15 (3
3%RH AR

- 0.8648m” / kg dryair
0.622F, 0.622(0.421kPs)
AP -F, M5-0411)kPa
By =c, T, + @yh,, = (1.005kTkg - "CY12°C) + (0.002768)(2522 9 kIke)
-19.04 kT kg dry air

= 0.002768 kg H,O/kg dry air (= &, )

By = ¢, Ty + @k, = (1.005 kT kg - °C)(25°C) + (0.00276E)(2546.5 kT kg)
= 32.17kTkg dry air

3

7] 6m? /mi
Fig=—te———— T _§038kgmin
v 0.8648m° kg dry air

Then the rate of heat wansfer to the air in the heating section is determined from an energy balance on air in
the heating section to be

@, =it (hy — k) = (6.938 kg/min){32.17 - 19.04) kT kg - 01.1 LY /min

() Noting that the vapor pressure of air remains constant (P,: = P,)) during a simple heating procass, the
relative humidity of the air at leaving the heating section becomes
Fa Fa 0.421kPa

#r -t e

- = 0133 or 13304
Py Pagpec 3.1698kPa

14-70  Air enters a 40-cm-diameter cooling section at
I atm, 32°C, and 30 percent relative humidity at 18 m/s. Heat
is removed from the air at a rate of 1200 kJ/min. Determine
(a) the exit temperature, (&) the exit relative humidity of the
air, and (c) the exit velocity. Answers: (a) 24.4°C, (b) 46.6
percent, (c) 17.6 m/s

1200 k)/min
»
sz=c.30%| (|[\1[\10)() |
AlR . LATAYATRY .

18 mis | atm




14-70 Air enters a cooling section at a specified pressure, temperature, velocity, and relative humidity. The
exit femperamre, the exit relative umidity of the air, and the exit velocity are to be defermined.
Assumperons 1 This is a steady-flow precess and thus the mass flow rate of dry air remains constant during
the enfire process (mi, = M,; = M, ). 2 Dry air and water vapor are ideal gases. 3 The kinetic and potential
eneTgy changes ate negligible.
Amnalysis (g) The amount of moisture in the air remains constant (& = &) as it Hows through the cooling
section since the process mvolves no humidification or delmmidification. The inlet state of the mir is
completely specified, and the total pressure is 1 amm  The properties of the air at the inlst state are
determined from the psychrometric chart (Figure A-31) to be

hy = 55.0kVkg dry air

iy = 00088 kg H,O'kg dry 5ir (m a4 )

v, = 0877 m? / kg dry air

32

The mass flow rate of dry air through the cooling section is @ 0%
18 m's 1am AR

mnr -LF{IJI
Y1

_;_(13 mEr=043/4m*) =258 ks
(0877m” /kg)

From the energy balance on air in the cooling section,
~0yy =1, (hy—Iy)
=1200/ 60 kT /s =238 kg /s)(h, — 5500 KT/ kg
by = 472 kT kg dry air

The exit state of the air is fixed now since we know both b, and @, From the psychrometric chart at this
state we read

I, =M 4°C
() iy = A6600

v, = 0.856m* kg dryair
() The exit velocity is determined from the conservation of mass of dry air,

o vow Fid ¥4
Mg=Mypy —F — == —— = ——

v by ¥ vy
v, =Yep BB e~ 17.6mis
w 08T

14-73  Airat 1 atm, 15°C, and 60 percent relative humidity
is first heated to 20°C in a heating section and then humidi-
fied by introducing water vapor. The air leaves the humidify-
ing section at 25°C and 65 percent relative humidity.
Determine (a) the amount of steam added to the air, and
{b) the amount of heat transfer to the air in the healing sec-
tion. Answers: (a) 0.0065 kg H,OMkg dry air, (b) 5.1 klkg dry air



14-73 Air is first heated and then humidified by water vapor. The amount of steam added to the air and the

amount of beat transfer to the air are to be determined.

Assumpsions 1 This is a steady-flow process and thms the mass flow rate of dry air remains constant during

the entire process (M, =M . = ). 2 Dry air and water vapaor are ideal gases. 3 The kinetic and potential

eneTgy changes are negligible.

Properdies The inlet and the exit states of the air are completely specified, and the total pressure is 1 amm.

The properties of the air at various states are determined fom the psychrometric chart (Figure A-31) to be
by = 311 T/ kg dry air

g = 00064 kg H, O kg dry air (= a4

By = 362 KT/ kg dry sir 1 He’m.k"’lg 1 .
hy = 581 kT / kg dry air —
_ . i 1atm | [ .
&3 = 00129 kg H,O kg dry air Ti=15C_| | _ |, m=asC
Analysis (@) The anoun: of moistire in the sir ¢, = 60% AR o opc - ;=05

remains constant it flows through the beating L
section {& | = & 3), but incTeases in the {D @ @
homidifying section (&, = o). The amount of
steam added to the air in the heating section is

Al g = Dy e DOIZ0 = 00064 = 00065 kg H,O kg dry air
(B} The hest transfer to the air in the beating section per unit mass of air is

Ty = fy =y = 362 -311= 5.1 kT / kg dry air

14-75  An air-conditioning system operates at a total pres-
sure of 1 atm and consists of a heating section and a humidi-
fier that supplies wet steam (saturated water vapor) at 100°C.
Air enters the heating section at 10°C and 70 percent relative
humidity at a rate of 35 m¥%min, and it leaves the humidify-
ing section at 20°C and 60 percent relative humidity. Deter-
mine (a) the temperature and relative humidity of air when it
leaves the heating section, (b) the rate of heat transfer in the
heating section, and (c) the rate at which water is added to
the air in the humidifying section.

Sat. vapor
100°C
Heating
coils ) H Hurmdifier
.;g::: AIR i
: 60%

35 m¥min P =1 atm




14-75 Air is first heated and then homidified by wet steam. The tempersfure and relative bumidity of air at
the exit of heating section, the rate of heat ransfier, and the rate at which water is added to the air are to be
determined

Assumprions 1 This is a steady-flow process and thus the mass flow rate of dry air remains constant during
the enfire process (m, = M,y = M, ). 2 Dry air and water vapor are ideal gases. 3 The kinetic and potential
eneTgy changes are negligible.
Praperties The inlet and the exit states of the air are completaly specified, and the total pressure is 1 amm.
The properties of the air at various states are determined from the psychrometric chart (Figure A-31) to be
Fry = 23 5k kg dry air
&y = 0.0053kg H,O/kg dry air (= ;)

vy = 0508 m:‘:lguir}' air Sat. vapor
fy =42 3kIE i ing 1o
3= - : gdr_'.raj.r cotls rl Humidifie
3y = (L0087 kg H , 0kg dry air A nnn
2 1c sy am weC
Amalysis (@) The amount of moistare in the air TR —e P
remains constant it fews through the heating 35 m'/min 1 am ’
section {62, = @y), but increases in the @ @ @

homidifying section (&3 = @+:). The mass flow
rate of dry airis
¥, _ 35w’ /min
¥ 0.809m? kg
Noting that @ = W ={, the energy balance on the humidifying section can be expressed as
'E.'in - E|||.l - Eq!hn“u s -0
E-in -‘E.'u.u

Emh =Fmh, —— mh MR, =R

L

']

- 433 kg/min

(@y—a,)h, +hy =iy

Solving for by,

hy =iy — (e — &, ), o ggee = 42.3— (00087 - 0.0053)(2675.6) = 33.2 kT'kg dry air
Thus at the exit of the heating section we have ey = 0.0053 kg H/O dry air and & = 33.2 kl'kg dry air,
which completely fixes the state. Then fom the psychromestric chart we read

I; =19.5°C

#y = 37500
(&) The rate of heat ransfer to the gir in the heating section is

O, =ity (g — k)= (43 3kg'min)(33.2 - 23 5)klkg - 420 LJ/min

() The smount of water added to the air in the homidifying section is determined from the conservation of
mass equation of water in the mmidifying secton,

it =t (6 — %) = (43.3 kg/min)(0.0087 - 0.0053) = 015 kg/min



14-78 Air enters a window air conditioner at 1 atm, 32°C,
and 70 percent relative humidity at a rate of 2 m*/min, and it
leaves as saturated air at 15°C. Part of the moisture in the air

that condenses during the process is also removed at 15°C.
Determine the rates of heat and moisture removal from the
air.  Answers: 97.7 kJ/min, 0.023 kz/min

14-78 Air is cooled snd debumidified by a window air conditioner. The rates of heat and moisture remdoval
from the air are to be determined.

Assumprions 1 This is a steady-flow process and thms the mass flow rate of dry air remains constant during
the enfire process (M, = M,; = M, ). 1 Dry air and water vapor are ideal gasas. 3 The kinetic and potential
eneTgy changes are negligible.

Praperdies The inlet and the exit states of the air are completely specified, and the total pressure is 1 aom

The properties of the air at various states are determined from the psychrometric chart (Figare A-31) to be
ky =86.3kTkg dry air
&, = 00211 kz H,O/kz dry air
vy = 0804 m* kg dry air

and L=15C
¢ = 100%

By = 42.0k]'kg dry air
@y = 00107 kg H,Ovke dry air

B, xh = 62982kTkg  (Table A-4)

ras

Amalysis (a) The amount of moismre in the air decreases due to dehomidification (@ < @). The mass
flow rate of air is

v T’
e _2238kzmin

v 0.8%4m” kg dryair

Applying the water mass balance and energy balance equations to the combined cooling and
debumidification section,
Water Mac: Balance:

Tty = Ty, ——3 Wiy 6 = iy + 1,

T, - (6 — iy ) = (2238 kp/min) (00211 - 0.0107) = 0.0233 ke/min
Energy Balanca:

By —E, -, S0 _g

Ep=Eoe
Itk = O + E it h,

gud: = i‘I"‘.al'iﬁ - {H“I‘_ﬂ kl + ﬂwhw] = ".ﬂu (kl - hl ] - H-‘I‘“ k»
8, — (2238 kpmin)(86.3 - 42,00k kg — (0.0233 kz/min)(62.082 kT kg)

= 97.7 LI/min

14-79%  An air-conditioning system is to take in air at 1 atm,
34°C, and 70 percent relative humidity and deliver it at 22°C
and 50 percent relative humidity. The air flows first over the
cooling coils, where it is cooled and dehumidified, and then
over the resistance heating wires, where it is heated to the
desired temperature. Assuming that the condensate is removed
from the cooling section at 10°C, determine (@) the tempera-
ture of air before it enters the heating section, (b) the amount
of heat removed in the cooling section, and (c) the amount of
heat transferred in the heating section, both in kl/kg dry air.



14-7T9 Air s first cooled, then debuwmidified, and finally heated. The temperatare of air before it enfers the
heating section, the amount of heat removed in the cooling section, and the amount of heat supplied in the
heating section are to be determined.

Assumpitons 1 This is a steady-flow process and thus the mass flow rate of dry air remains constant during
the enfire process (fi, = M,y = M, ). 2 Dry air and water vapor are ideal gases. 3 The kinetic and potential
eneTgy changes are negligible.

Analysiz (3) The amount of moisture in the xir decreases due to debhumidification {¢2: < &), and remains
constant during heating (&, = @,). The inlet and the exit states of the air are completely specified, and the
total pressare is 1 am  The intermediate state (state 2) is also known since @ = 100% and &, = @ ..
Therefore, we can determined the properties of the air at all three states from the psychrometric chart (Fig.
A-311)tobe

By =952 kT (kg dry air T Cooling T Heating 1
@ = 00238 kg H,O kg dry air :

E il
T iRARNA
: 1 am

hy = 431 kT / kg dry air ¢ =T0% N o #1=30%
- 2 i T [ -
3 = 00082 kg H, O/ kg dry air (= ;) m ‘*" @ @
Also,
) ¥ 10

By a By goee = 42.02kTkg (Table A -4)
by =318 kTkz dry air
I, =1L1°C

(b) The amount of heat removed in the cooling section is determined from the enerzy balance equation
applied to the cooling section,
Ein _Eml -quhnﬂu s - o
Eir| -E-u.u
Emlkl = Zm.'hi + G|.s|.||.|.1.1|||i.ﬂ
Ouus conting =Ml = (Fanhy 70,0, ) = ita [y = B ) = sit, B,
or, per umit mass of dry air,
Gt comiling = 1 — Bz ) — (= — ey )b,
- (952 - 31.8) - (0.0238 - 0.0082)42.02
- G127 kI kg dry air
(c) The amount of heat supplied in the heating section per unit mass of dry air is
'ﬂ'..r:.ﬁ.,'h:a —hy =431 -318 =113 kJ/ kg dry air

14-580 Alir enters a 30-cm-diameter cooling section at

1 atm, 35°C, and 60 percent relative humidity
at 120 m/min. The air is cooled by passing it over a cooling
coil through which cold water flows. The water experiences a
temperature rise of 8"C. The air leaves the cooling section
saturated at 20°C. Determine (a) the rate of heat transfer,
() the mass flow rate of the water, and (c) the exit velocity
of the airstream.

Water
T T+8°C
Cooling coils
T p] q|
35°C WUUUUUL | 2000
G0 Saturated

120 m/min _AIR_




1480 [Alfeo sadved By EES on enclased CID] Adr is cooled by passing it over a cooling coil thromgh which
chilled water foars. The mie of heat tansfer, Se mass fow rate of wabar, and the st walocity of airsream
ars bo b detaroringd.
Arswrmpriens 1 This is a sieady-flowr process and thus the mzes fow rane of dry 2 remaing cons@nt during
the entire process. 2 Doy air and warier vaper am ideal gases. 3 The knetic and potuntial enssgy changes are
naglizibla
Analysic (@) The ateration pressure of water af 35°C & 5. €251 kPa (Tzhle A-¥). Then the dewr point
tazparatzme of the Incozming air sireans at 33°C beconzes

T-d. 'T-.a_:;.r, - rl.r.i?[ﬁ.-‘.-ﬁml'?i = 16°C  (Table A-T)
since air & cooled s 20°C, which is below i dew pont mmpaamn, some of the pwivne in the adr will
condezes The amount of moistere @ the afr decreases dos to delremidification {m, < &) . The inlet and
the exif siates of the air am completely specifed. and the fotal pressure is 1 afme. Than the properties of the
air 2t both stabes are deheringd from the psychrometnic chart (Fig. A-31) o ba

fy = B0 3 kTkg dry air

&y = 0.021% kg H Ok dryair -
vy = 0.504m” kg dry air r+rc
znd )
ky = 575k kg &y air I[‘"‘"“ wolle
2w 0147 kg HOkg dryadr 150 FRAAER
2 gH. Ok : 0 ,..c
vy = 08Tl m kg dry air (D e we (D
120 smmin = AIR Sl

Also, By, @k ye =E353k0kg (Tabls A-4)

Than,
Vpom A - |ITJT—I:1!'3'mz'u:in4 w%&-ﬂm} / min

W B48m” /pwim 5 35 kymim
W 0.8Mm" kg doyaic
Applying the water mas: balance and the snergy balamce equaticze %o e combined cocling and

L]

=l

Water hass Dalamee: T, =T, —F oy =, e,
s, ow oy = w8 3B kgedn ) 0215 - 000147 ) = 0,082 kz'min
Emerge o bame

B — By = s ™™ o —3, = Fry
Taindy = Eaih, + Cogy — Qo = Sty —(rchy +a ) = i,y — i) — e b,
e = (938 kg'min){90.3 - 57,50k ]kg — (0.064 kg/min¥(53.93 kikg) = 3023 kl/min
(3] Moting et the baat lost by the adr is gaingd by the cooling water, the mass Sow rate of the cooling
water is demrmined Srom
El-mﬂ" [ "':"m _;'lﬁ- - jlmq _— .:-'!"T
a, 302.3kVmin
Foctege = T R T8 kg O]
. .
(<) The sadit velecity & detsrmized fom the comervaticn of paus of dry air,

- 904 kx/min

. KA ¥,
B, - —}i-i—}'_"‘-i_"
o i

Vw20, m 25 030 miming =113 mimin

T osed



14-102 Two airstreams are mixed steadily and adiabatically.
The first stream enters at 32°C and 40 percent relative humid-
ity at a rate of 20 m*/min, while the second stream enters at
12°C and 90 percent relative humidity at a rate of 25 m’/min.
Assuming that the mixing process occurs at a pressure of
| atm, determine the specific humidity, the relative humidity,
the dry-bulb temperature, and the volume flow rate of the mix-
ture. Answers: 0.0096 kg H,O/kg dry air, 63.4 percent, 20.6°C,
45.0 m¥min

32°C
40%
‘\\‘\ 3 oy
P=1 atm &
AIR 13
12°C -
o20%

14-102 Two aimtreams are meixed seeadify. The specific hemmidity, the melative mmidity, the dny-bulk
tamsparaiere, and the voliee Sro ik of the mixters 2me to be deternemed.

Assrmprions 1 Swady opemting conditom exist 2 Dry air and water vapor am idsal gases. 3 The kimetc
and potential energy changes are megligible. 4 The mixing wecton is adishatic.

Properiies Properties of sach inlet siream ame determined from the psychromesnic chart (Fig A-31) o be
y = 62.7kIkg dry air By = 31 9kTkg dry air

oy =0.0119kg H,OVkg dryair and @, = 00079kg B, 0kg dry air

o =0.B82m" kg dry air vy = 0810 kg drran @
Amaiysis The pass fow rate of dry air in sach stream & ﬂ

] MWz’ ‘min 0 m ﬁu-{‘

iy m— - ———— = 11 Tkgmm -
¢ 0BE2m" 'kgdryadr P=1sm s (3
ot 2im’ /mim - AIR T,
oy == m——————— = 3.5 kgmn .
w 0E1%m” kg dryadr # mihmia e
127
Fromn the comearvation of mass, @ .V/
By = Wy Sy = (227 +30.5) kg /min = 512 kg min

The spedfic Immidity and the exthalpy of the mixtors cam be determined from Egs. 14-24, which are
chiained by combining the comssrmaton of maw and svargy equations for the adiabatic mixing of two
pec e H

By _mymey bk

Mgy @ ma -k

BT 0TS -o,  319-4,

305 =, —0011D B, — 627
ich v

oo, m 00096 kg H,0 kg dry air

By =470 kT kg dey air
Thass two propartias fix the stte of the mixters. Orher propartios of the mixters ars dstarmined from. e
pavchrometric chart:

T, = Z0L6°C

o= 6340

vy = 0845 m kg dryair
Finally, the volums flow rate of the mivmre & determined from

Wy it vy o (53,2 kgminD BT m” /kg) = 45 0 m” fmin



14-1100 The cooling water from the condenser of a power
plant enters a wet cooling tower at 40°C at a rate of 90 kg/s.
The water is cooled to 25°C in the cooling tower by air that
enters the tower at 1 atm, 23°C, and 60 percent relative
humidity and leaves saturated at 32°C. Neglecting the power
input to the fan, determine (a) the volume flow rate of air
into the cooling tower and (b) the mass flow rate of the

required makeup water.

14-110 Water 35 cooled by air in a coolng towsr. The volume dow mis of ar and the o dow mie of e

reguned makeup wakr e to be detemmmed.

Arsrmprisns 1 Skady operating conditions sxist and thms mess flow mte of dry air emaiss constant
during he wntive process. ! Dy adr and water wapor are ideal gases. 3 The kimetic and potential wnengy

chamges are negligible. 4 The cooling tower & adizbatc.

Analysiz () The mass few mate of dry air through the toarar remaing constant (= &, =, ), bat e
mass flow mie of liguid weter decrease by & amount squal to the amoent of water that vaporizes n the
towrar timing the cooling process. The water bost through evapomaton must be mads up later in the cycle to

Ly Alr Mass Balanoe:

E".‘:,l-z'u:'.u —* u:'.ll-":"d -".‘:

Farer Mass Balamoe:

e, =T, —F 8+ =+ ;D;

ey — ity = iy (0 — 0 ) = Wy
Erergy Balanoe
L N s PN
E -E.
Ty =T b, since (=F=0
0= Zm s, — T iy
0t oty + it ghy — oy — iy

WATEER

L

afri
90 kgl

Syulzm
Femndary

O m it vy — By )+ [y — g My — gy

Solving for m, ,
iyl — )

e k) (@2 -k,
Fromn the prychrometic chart (Fig. A-31),

fy =20 Skl kg dry anr

iy = 00107 kg H.0/kg dry air

v, = 0.853 " kg dry air

b = 1107 kT kg dry air
e, =0.030Tkg H,O/kg dry air
From Tahle A%,
By @6 g g = 16753 K0k H 0
By it g ene = 104 83 KTRg H O

Substituting,

. O
T
} bactne

(B0 kg/s)(167 53— 104 B3N kg

D

AEEEEE

.= (110.7 —49.9) klkg —(0.0307 — Q01051 04.83) kVkg
Than the vohies Sow e of mr inte the cooling tower bacrmes

W, = = (96 2kgs)0EMm’ 'k} =82 2m s
(¥ The zass fow e of the mquired mzkeup water s determined Srom
g g =, (0 — @) = (96 2 kg/)(0.0307 - 0.0105) = 194 kg's

w S8 kg



