14-31

14-73 Saturated humid air at a specified state is heated to a specified temperature. The relative humidity at the exit and the
rate of heat transfer are to be determined.

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

Analysis The amount of moisture in the air remains constant (@, = w») as it flows through the heating section since the
process involves no humidification or dehumidification. The inlet state of the air is completely specified, and the total
pressure is 200 kPa. The properties of the air at the inlet and exit states are determined to be

Pu = #1Py1 = # Pt @isec = (1.0)(L.7057 kPa) =1.7057 kPa
hgl = hg @15°C = 25283 kJ/kg

P, =P, — P, =200-1.7057 =198.29 kPa Heating
coils
RaTl
Vi =—— o
@ 100% RH -~ @

_ (0.287kPa-m® /kg-K)(288 K)
B 198.29 kPa

=0.4168m3 / kg dry air

20 m/s 200 kpa AIR

_0.622P,  0.622(L.7057 kPa)
"~ P,-P; (200-1.7057) kPa

o =0.005350 kg H,O/kg dry air

hy = ¢, Ty +@ihy; = (1.005 ki/kg -°C)(15°C) + (0.005350)(2528.3 ki/kg) = 28.60 ki/kg dry air

P,, =P, =1.7057 kPa
Py = Pat@aoec = 4.2469 kPa
P, 1.7057kPa

$y = =————=0.402=40.2%
Py 4.2469kPa
g2 =Ny @a0-c =2555.6 kilkg
Wy =,

h,=c pla+ a)zhg2 = (1.005 kJ/kg - °C)(30°C) + (0.005350)(2555.6 kJ/kg) = 43.82 ki/kg dry air
Then,

: D? . 2
U, =V, A, =V, ”4 = (20 m/s){@] =0.02513m%/s

V‘ 3
hl 0.02513m* /s — 0.06029 kg/s

v, 0.4168m3/ kg dry air

m

From the energy balance on air in the heating section,

Q,, =, (h, —h,) = (0.06029 kg/s)(43.82 — 28.60)kJ/kg = 0.918 KW
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14-35

14-78 Air is first heated and then humidified by wet steam. The temperature and relative humidity of air at the exit of
heating section, the rate of heat transfer, and the rate at which water is added to the air are to be determined.

Assumptions 1 This is a steady-flow process and thus the mass flow rate of dry air remains constant during the entire
process (i, =m,, =m,).2 Dry air and water vapor are ideal gases. 3 The kinetic and potential energy changes are

negligible.

Properties The inlet and the exit states of the air are completely specified, and the total pressure is 1 atm. The properties of
the air at various states are determined from the psychrometric chart (Figure A-31) to be

h, = 23.5kJ/kg dry air

@, =0.0053kg H,O/kg dry air (= w,) i Sat. vapor
v, =0.809 m®/kg dry air ! Heating 4 v 100°C
) coils Humidifi
hy = 42.3kJ/kg dry air umidrer
w5 = 0.0087 kg H ,0/kg dry air 10°C MM AIR| = .
— 20°C
_ o _ _ 0% @ —— T
Analysis (a) The amount of moisture in the air remains 4¢3/ latm| |_- 60%
constant it flows through the heating section (@ = w»), e
but increases in the humidifying section (w3 > ®,). The @ @ @

mass flow rate of dry air is

_ ¥, 35m*/min

=——————=43.3kg/min
v, 0.809m°/kg

a

Noting that Q = W =0, the energy balance on the humidifying section can be expressed as

. . . 20 (stead
Ein — Eou = AE (steady) _ g

En,=E

in system

in out
Zmlhl = Zmehe E— mwhw + mazhz = I’hah3
(03— wy)hy, +hy =hg
Solving for h,,
h, =hg — (@3 —@;)hg @100c =42.3—(0.0087 —0.0053)(2675.6) = 33.2 kI/kg dry air
Thus at the exit of the heating section we have @, = 0.0053 kg H,O dry air and h, = 33.2 kJ/kg dry air, which completely
fixes the state. Then from the psychrometric chart we read
¢, =37.8%

(b) The rate of heat transfer to the air in the heating section is

Q,, =, (h, —hy) = (43.3kg/min)(33.2 - 23.5) ki/kg = 420 kJ/min

(c) The amount of water added to the air in the humidifying section is determined from the conservation of mass equation
of water in the humidifying section,

m,, =M, (&5 — ,) = (43.3 kg/min)(0.0087 —0.0053) = 0.15 kg/min

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.




14-38

14-82 Air is cooled and dehumidified at constant pressure. The amount of water removed from the air and the rate of
cooling are to be determined.

Assumptions 1 This is a steady-flow process and thus the mass flow rate of dry air remains constant during the entire
process (m, =my, =m,). 2 Dry air and water vapor are ideal gases. 3 The kinetic and potential energy changes are

negligible.

Properties The inlet and the exit states of the air are completely specified, and the total pressure is 1 atm. The properties of
the air at various states are determined from the psychrometric chart (Figure A-31) to be

h, =79.6 kJ/kg dry air

, =0.0202 kg H,O/kg dry air } )\
v, =0.881m3/kg dry air Cooling coils
and —1q0 - 2go
¢, =1.0 Tzz_zllgo;) ST vy _tam o T E ::22850(:
2 > b, ¥=Condensate i

h, =51.0 ki/kg dry air ©) R ©)

@, =0.0130 kg H,0/kg dry air

Also. .~ Condensate
20°C removal
hW = hf @200c = 83915 k\]/kg (Table A'4)

Analysis The amount of moisture in the air decreases due to dehumidification (@, < @;). The mass flow rate of air is

Vi (10,000/3600) m® /s
v, 0.881m?/kgdry air

=3.153kg/s

al

Applying the water mass balance and energy balance equations to the combined cooling and dehumidification section,
Water Mass Balance:
hX rhW,i =2 mw,e I r'hala)l = r];].’;126‘)2 + rﬁw
m,, =M, (&, —w,) = (3.153kg/s)(0.0202 —0.0130) = 0.0227 kg/s
Energy Balance:
Ein — Eou'[ = AE'system Fotsteady) 0
Ein = E'out
Zr‘hihi = Qout +Zmehe
Qout = rhalhl - (maZhZ + rhth) =m, (hl - hz) - n.’]th

in

Quu = (3.153 ka/s)(79.6 — 51.0)kd/kg — (0.02227 kg/s)(83.915 ki/kg)

=88.3kW

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.




14-49

14-90 Atmospheric air enters the evaporator of an automobile air conditioner at a specified pressure, temperature, and
relative humidity. The dew point and wet bulb temperatures at the inlet to the evaporator section, the required heat transfer
rate from the atmospheric air to the evaporator fluid, and the rate of condensation of water vapor in the evaporator section
are to be determined.

Assumptions 1 This is a steady-flow process and thus the mass flow rate of dry air remains constant during the entire
process (m, =m,, =m,).2 Dry air and water vapor are ideal gases. 3 The kinetic and potential energy changes are
negligible.
Analysis The inlet and exit states of the air are completely specified, and the total pressure is 1 atm. The properties of the
air at the inlet and exit states may be determined from the psychrometric chart (Fig. A-31) or using EES psychrometric
functions to be (we used EES)
Tgpr =15.7°C Y A
Ty =19.5°C Cooling coils
W .
h, =55.60 kJ/kg dry air . T,=10°C \QQMQQQMQMQQQ} 3 T, =27°C
o, =0.01115kg H,0/kg dry air $,=90% " (o e latm T $.=50%
v, = 0.8655m?® / kg dry air 24

¢
6

b ¥—Condensate
hy = 27.35 ki/kg dry air QO w—- @

, = 0.00686 kg H,0/kg dry air

10°C Condensate
The mass flow rate of dry air is removal
& Ve ACH (2 m?/change)(5 changes/min)

3 =11.55kg/min
V1 41 0.8655m

a

The mass flow rates of vapor at the inlet and exit are
m,, = @,m, = (0.01115)(11.55 kg/min) = 0.1288 kg/min
m,, = w,m, =(0.00686)(11.55 kg/min) = 0.07926 kg/min
An energy balance on the control volume gives
myh, = Qout +myhy +myhy,
where the the enthalpy of condensate water is
hWZ = h f@10°C = 4202 kJ/kg (Table A - 4)
and the rate of condensation of water vapor is
m,, = m, —m,, =0.1288—-0.07926 = 0.0495 kg/min
Substituting,
mahl = Qout + mahz + r'hwhwz
(11.55 kg/min)(55.60 kJ/kg) = Qout + (11.55 kg/min)(27.35 kJ/kg) + (0.0495 kg/min)(42.02 kJ/kg)
Qout = 324.4KJ/min =5.41kW
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Discussion We we could not show the process line between the states 1 and 2 because we do not know the process path.
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14-69
14-110 Two airstreams are mixed steadily. The temperature and the relative humidity of the mixture are to be determined.

Assumptions 1 Steady operating conditions exist 2 Dry air and water vapor are ideal gases. 3 The kinetic and potential
energy changes are negligible. 4 The mixing section is adiabatic.

Properties Properties of each inlet stream are determined from the psychrometric chart (Fig. A-31 or from EES) to be
h, =88.5kJ/kg dry air
@, =0.0187 kg H,O/kg dry air
v, =0.914 m3/kg dry air

@ 4o

40%
and L/s
| N o
h, =36.7 ki/kg dry air P=1atm s @
@, =0.0085kg H,O/kg dry air / AIR T3
v, =0.828m*/kg dry air 1L/s
Analysis The mass flow rate of dry air in each stream is @ ég;c
v . 3
g = 2= —20B8MTS 003087 ks
v 0.914m? [ kg dryair
v : ’
iy, = 22— QO0IMTTS 4 ho1008 kg

v, 0.828m?/kg dryair
From the conservation of mass,
Mg = My, +M,, = (0.003282+0.001208) kg/s = 0.00449 kg/s

The specific humidity and the enthalpy of the mixture can be determined from Egs. 14-24, which are obtained by
combining the conservation of mass and energy equations for the adiabatic mixing of two streams:

My @ —wy hh—hy

My, @3- hg—h
0.003282 0.0085-w, 36.7—h,
0.001208 @,—-0.0187 h,—885

which yields

@4 =0.0160 kg H,O/kg dry air

hy =74.6 kJ/kg dry air
These two properties fix the state of the mixture. Other properties of the mixture are determined from the psychrometric
chart:

T, =33.4°C

@3 =0493=49.3%
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14-70
14-111 Two airstreams are mixed steadily. The rate of exergy destruction is to be determined.

Assumptions 1 Steady operating conditions exist 2 Dry air and water vapor are ideal gases. 3 The kinetic and potential
energy changes are negligible. 4 The mixing section is adiabatic.

Properties Properties of each inlet stream are determined from the psychrometric chart (Fig. A-31 or from EES) to be
h, =88.5kJ/kg dry air
@, =0.0187 kg H,O/kg dry air
v, =0.914 m3/kg dry air

@ 4oc

40%
and L/s
. w3
h, =36.7 ki/kg dry air P=1atm s @
@, =0.0085kg H,O/kg dry air / AIR T3
v, =0.828m*/kg dry air 1L/s
The entropies of water vapor in the air streams are @ égz/c

Sgl = Sg @ 40°C = 82556 k\]/kg . K
ng = Sg @15°C = 87803 k-.]/kg . K

Analysis The mass flow rate of dry air in each stream is

v, . 3

= O 0033 M7/ _0.003282kgls
v1 0.914m? /kgdryair
V' . 3

i, = Y2 Q00IMT/S 4001008 kgis

v, 0.828m?/kgdryair
From the conservation of mass,
My3 = My +M,, =(0.003282 +0.001208) kg/s = 0.00449 kg/s

The specific humidity and the enthalpy of the mixture can be determined from Egs. 14-24, which are obtained by
combining the conservation of mass and energy equations for the adiabatic mixing of two streams:

My _@p— _ h, —hg

My @3-y My=h
0.003282 0.0085-w; 36.7-h,
0.001208 ¢, —0.0187 h,—885

which yields
@3 =0.0160 kg H,O/kg dry air
h; =74.6 kJ/kg dry air

These two properties fix the state of the mixture. Other properties of the mixture are determined from the psychrometric
chart:

T, =33.4°C
¢y =0.493

The entropy of water vapor in the mixture is
Sq3 =Sg@azacc =8.3833kJkg-K

An entropy balance on the mixing chamber for the water gives
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14-71
AS-w =M,303S3 —My @, S; — My @8,
=0.00449x0.0160x8.3833—-0.003282x0.0187 x8.2556 —0.001208 x 0.0085x 8.7803
=5.426x10"° kW/K

The partial pressures of water vapor and dry air for all three air streams are
Pu = #1Pg1 = #1 Pt @ a0-c = (0.40)(7.3851kPa) = 2.954 kPa
P, =P, — P, =101.325-2.954 = 98.37 kPa
Pi2 =#2Pg2 = #: Pt @1soc = (0.80)(1.7057 kPa) =1.365 kPa
P,, =P, —P,, =101.325-1.365 = 99.96 kPa
Pz = #3Pys = #3Ps @33.4oc = (0.493)(5.150 kPa) = 2.539 kPa
P,s = P; —P,3 =101.325-2.539 = 98.79 kPa

An entropy balance on the mixing chamber for the dry air gives

AS.a = ma1(53 _Sl)+ma2 (53 _52)

T P T P
=my|c, 2RI |+ ,lc, In-2-RIn—2
Tl al TZ a2

3064 _ 0.287)1n 2872 1., 0.001208] (1.005) In 34 _ (0.287) In 2872
313 98.37

288 99.96
= (0.003282)(—0.02264) + (0.001208)(0.06562)
=4.964x107% kW/K

= o.ooszsz{(1.005) In

The rate of entropy generation is
Sgen =AS, +AS,, =4.964x107° +5.426x107° =10.39x10° kW/K
Finally, the rate of exergy destruction is

X gest = ToSgen = (298 K)(10.39x107° kW/K) =0.0031kW
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14-115 Water is cooled by air in a cooling tower. The relative humidity of the air at the exit and the water’s exit
temperature are to be determined.

Assumptions 1 Steady operating conditions exist and thus 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 negligible. 4 The cooling
tower is adiabatic.

Analysis The mass flow rate of dry air through the tower remains constant (m,; = m,, =m,), but the mass flow rate of

liquid water decreases by an amount equal to the amount of water that vaporizes in the tower during the cooling process.
The water lost through evaporation must be made up later in the cycle to maintain steady operation. Applying the mass and
energy balances yields

Dry Air Mass Balance:
Zma,i =2 ma,e > mal = maz = ma

Water Mass Balance:

AIR 20°C
My =2XMye = Mg +Myo =M, + M0, EXIT w=0.014
m3_m4:ma(a)2_wl):mmakeup TTTTTT
Energy Balance: WARM /JQUOL\
I:;in - I:;out = AE.System 70(steady) - 0 WﬂERy @ D)
Ein = Eou 32°C ANAAA AN
Sh =Sm.h,  (sinceQ =W =0) 4 kgls
0=2Xmeh, -2 m;h;
0 = riry,hy, + Mz, — My hy —rghy X DAR
0=m, (hy —hy) + (M3 —Mpareup)Ns —Mshg \INLET
Solving for hy, 112'2”8
hy = shs i (h; —hy) o 20%
M3 = Mnakeup WATER 4.2 kgls

From the psychrometric chart (Fig. A-31), Makeup water

h; =20.4kJ/kg dry air
@, =0.00211kg H,0O/kg dry air
v, =0.819 m®/kg dry air
and
h, =55.7 kd/kg dry air
¢, =1=100%
From Table A-4,
hy =h¢ gspec =134.1kJ/kgH,0

AISO,  Myeup = My (@ —@y) = (4.2 kg/s)(0.014—0.00211) = 0.050 kg/s

Substituting,
_mghg —m, (h, —h;)  (4)(134.1)-(0.12)(55.7 - 20.4)
M3 — Mpakeup 4-0.050

h, = 98.31kJ/kg H,0

The exit temperature of the water is then (Table A-4)
T4 =Tae h; =98.31kJ/kg — 23.4°C
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