6-13

6-23 Air flows steadily in a pipe at a specified state. The diameter of the pipe, the rate of flow energy, and
the rate of energy transport by mass are to be determined. Also, the error involved in the determination of
energy transport by mass is to be determined.

Properties The properties of air are R
=0.287 kl/kg.K and ¢, = 1.008

k/kg K (at 350 K from Table A-2b) 300 kPa Alr 25 m/s
. . . . 71°C —  18kg/min
Analysis (a) The diameter is determined
as follows
v RT _ (0.287 kJ/kg K)(77 +273K) — 03349 m’/kg
P (300 kPa)
: 3
A _ (18/60kg/s)(0.3349 m"/kg) _ 0.004018 m?

25m/s

\
2
Do [4A _ [40004018m7) o000 e
T Vs

(b) The rate of flow energy is determined from
Wy, = MPv = (18/60 kg/s)(300 kPa)(0.3349 m®/kg) = 30.14 kW

(c) The rate of energy transport by mass is

E . =m(h+ke)= m(cpT +%v2j

mass

1 o 1kl/kg j
= (18/60 kg/s)| (1.008 kJ/kg.K)(77 + 273 K) + —(25 m/s)*| ———=—
( g ){( g.K)( ) 2( )[1000m2/s2

=105.94 kW

(d) If we neglect kinetic energy in the calculation of energy transport by mass

E s = M = e, T = (18/60 ke/s)(1.005 kI/kg K)(77 + 273 K) =105.84 kW

mass

Therefore, the error involved if neglect the kinetic energy is only 0.09%.
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6-23

6-37 Air is decelerated in a diffuser from 230 m/s to 30 m/s. The exit temperature of air and the exit area of
the diffuser are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Air is an ideal gas with
variable specific heats. 3 Potential energy changes are negligible. 4 The device is adiabatic and thus heat
transfer is negligible. 5 There are no work interactions.

Properties The gas constant of air is 0.287 kPa.m’/kg.K (Table A-1). The enthalpy of air at the inlet
temperature of 400 K is h; = 400.98 kJ/kg (Table A-21).
Analysis (a) There is only one inlet and one exit, and thus m, =M, = m. We take diffuser as the system,

which is a control volume since mass crosses the boundary. The energy balance for this steady-flow system
can be expressed in the rate form as

: : : 20 (stead
Ein - Eout = AEsystem (steady) =0
Rate of net energy transfer  Rate of change in internal, kinetic, /
by heat, work, and mass potential, etc. energies
: . AIR
Ein = Eout ! —_— 2
m(h, +V,2 /2) =m(h, + VZ/2) (sinceQ = W = Ape = 0) \
Vs V2 .
0= h2 — h1 +#
2
or,
Vi -V? 30 m/s)* —(230 m/s)* [ 1 kI/k
hy =h, —~2—"1 — 400.98 kl/kg - (30 misf* s) 2 = 426.98 ki/kg
2 2 1000 m~/s
From Table A-21, T,=425.6 K
(b) The specific volume of air at the diffuser exit is
RT, (0.287 kPa-m®/kg-K [425.6 K
v, = 2:( a-m /xg X ):1.221m3/kg

P, (100 kPa)
From conservation of mass,

' 6000 kg/s)(1.221 m3/k
m=LA2V2 A, - my, _ (600 /3600 kg/s)( m°/kg)
v,y V, 30 m/s

=0.0678 m?
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6-52 Steam expands in a turbine. The change in kinetic energy, the power output, and the turbine inlet area
are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy changes
are negligible. 3 The device is adiabatic and thus heat transfer is negligible.

Properties From the steam tables (Tables A-4 through 6)

P =10 MPa | v, =0.029782 m*/kg $1 - j?ﬁﬁ’ )
T, =450°C | h, =3242.4 kI/kg V, - 80 mis

and
P, =10 kPa

h,=h; + xzhfgl =191.81+0.92x2392.1=2392.5 kJ/kg
Xy =0.92

Analysis (a) The change in kinetic energy is determined from

Vi -V?  (50m/s)’ —(80mss)? [ 1kI/k
pke =Yz 2V _ B0 ms)” (80 ms) € |-_1.95kJ/kg
2 2 1000 m?/s*
P2 =10 kPa
(b) There is only one inlet and one exit, and thus m;, =m, =m. We take the X, =0.92
V2 =50m/s

turbine as the system, which is a control volume since mass crosses the
boundary. The energy balance for this steady-flow system can be expressed
in the rate form as

- : _ - A0 (steady) _
Ein - Eout - AEsystem =0
—,—/
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

mh, +V* /2) =W, +m(h, +V}/2) (since Q = Ape = 0)

W, = -m[h2 —h, +%J

Then the power output of the turbine is determined by substitution to be

W, =—(12 kg/s)(2392.5—3242.4 - 1.95)k)/kg = 10.2 MW

(c) The inlet area of the turbine is determined from the mass flow rate relation,

m 12 kg/s)(0.029782 m*/k
M =LA1V1 WL (2 kg/s)( m”/kg)
v, V, 80 m/s

=0.00447 m?
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6-44

6-61 Air is compressed in an adiabatic compressor. The mass flow rate of the air and the power input are to
be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 The compressor is
adiabatic. 3 Air is an ideal gas with constant specific heats.

Properties The constant pressure specific heat of air at the average temperature of (20+400)/2=210°C=483
K is ¢, = 1.026 kJ/kg'K (Table A-2b). The gas constant of air is R = 0.287 kPa-m’/kg-K (Table A-1).
Analysis (a) There is only one inlet and one exit, and thus m; = m, =m. We take the compressor as the

system, which is a control volume since mass crosses the boundary. The energy balance for this steady-
flow system can be expressed in the rate form as

. : _ - 20 (steady) _
Ein - Eout - AEsystem =0
’ T ST 1.8 MPa
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout
Compressor
(o ovE) (V]
m| hy +—— [+W,, =m| h, +—=-
2 2
. Vi -V/2 V7-V? 20°C
5 2 1 B 2 1
Wi, =m[hz—hl+—2 =m ¢, (T, —T1)+—2 30 m/s

The specific volume of air at the inlet and the mass flow rate are

RT,  (0.287 kPa-m’/kg-K)(20+273K)
P, 100 kPa

v, = =0.8409 m>/kg

o AVI_ (0.15m?)(30 m/s)
v 0.8409 m> /kg

=5.351kg/s

Similarly at the outlet,

RT, (0.287kPa-m’/kg-K)(400+273K)

“277p 1
, 800 kPa

=0.1073 m>/kg

My, (5351kg/s)(0.1073 m> /kg)

Vv
2TA 0.08 m>

=7.177 m/s

(b) Substituting into the energy balance equation gives

- . VS -V/}?
W, = m[cp(T2 —T1)+%J

2 2
_ (5351 ke/s)| (1.026 ki/kg - K)(400— 20)K + 177 m/8)” =(30ms) ( 1kke j
2 1000 m?/s?

=2084 kW
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6-78 A hot water stream is mixed with a cold water stream. For a specified mixture temperature, the mass
flow rate of cold water is to be determined.

Assumptions 1 Steady operating conditions exist. 2 The mixing chamber is well-insulated so that heat loss
to the surroundings is negligible. 3 Changes in the kinetic and potential energies of fluid streams are
negligible. 4 Fluid properties are constant. 5 There are no work interactions.

Properties Noting that T < Ty @ 250 kpa = 127.41°C, the
water in all three streams exists as a compressed liquid,

which can be approximated as a saturated liquid at the T, =80°C
given temperature. Thus, m, = 0.5 kg/s \
hl = hf@gooc = 335.02 kJ/kg \ H20
hy = hygac = 83915 kl/kg (P =250 kPa)

T;=42°C

h3 = hf@42°c = 175.90 kJ/kg
. . T, =20°C
Analysis We take the mixing chamber as the system, :
L. m;
which is a control volume. The mass and energy

balances for this steady-flow system can be expressed
in the rate form as

Mass balance:

20 (steady)

My, — Moy = Amsystem =0 > M+ My =My

Energy balance:

- - _ . J0 (steady) _
Ein - Eout - AEsystem =0
[ —— \ E—
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

ryhy + myh, = mshy (since Q =W = Ake = Ape = 0)
Combining the two relations and solving for m, gives
riyh, + mhyhy = (i + 1y g

m :Mm
b hy — h, |

Substituting, the mass flow rate of cold water stream is determined to be

_ (335.02-175.90) ki/kg
> (175.90-83.915) ki/kg

(0.5 kg/s)=0.865 kgls
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6-87 Oil is to be cooled by water in a thin-walled heat exchanger. The rate of heat transfer in the heat
exchanger and the exit temperature of water is to be determined.

Assumptions 1 Steady operating conditions exist. 2 The heat exchanger is well-insulated so that heat loss
to the surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the
cold fluid. 3 Changes in the kinetic and potential energies of fluid streams are negligible. 4 Fluid
properties are constant.

Properties The specific heats of water and oil are
given to be 4.18 and 2.20 kJ/kg.°C, respectively. Hot oil ‘

Analysis We take the oil tubes as the system, which 150°C
is a control volume. The energy balance for this
steady-flow system can be expressed in the rate
form as

. . _ - 20 (steady) _
Ein - Eout - AEsystem =0
— D e
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

mh, = Q,, +mh, (since Ake = Ape = 0)

Qout = me(Tl -T)

Then the rate of heat transfer from the oil becomes

Q = [mhe, (Ty, ~ Tou) o = (2keg/s)(2.2 kl/kg.2C)(150°C — 40°C) = 484 KW

Noting that the heat lost by the oil is gained by the water, the outlet temperature of the water is determined
from

G = 1€, (T ~ Ty lyater ——Tows = Ty + 23— =22°C + 484 kIs — 99.2°C
c (1.5 kg/s)(4. 18 kJ/kg.°C)

water™' p
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6-130

6-156 The mass flow rate of a compressed air line is divided into two equal streams by a T-fitting in the
line. The velocity of the air at the outlets and the rate of change of flow energy (flow power) across the T-
fitting are to be determined.

Assumptions 1 Air is an ideal gas with constant specific heats. 2 The flow is steady. 3 Since the outlets are
identical, it is presumed that the flow divides evenly between the two.

Properties The gas constant of air is R = 0.287 kPa-m*/kg-K (Table A-1).

1.4 MPa
Analysis The specific volumes of air at the inlet and outlets are 36°C
RT 287 kPa-m’/kg-K)(40+273K
v = _ (0287 KPa-m g K)A0+2T3K) _ 5614 m kg 1
P, 1600 kPa
1.6 MPa
RT, (0.287kPa-m’/kg-K)(36+273K) 5 40°C - —
vV, =V, = = =0.06335m"/k —
275 7, 1400 kPa £ S0 m/s
Assuming an even division of the inlet flow rate, the mass l
balance can be written as 1.4 MPa
36°C
AV AV Ly sy, A e Vi 00633550 og 50 s
v v, A, vp 2 0.05614 2

The mass flow rate at the inlet is

2 2
th, = AV _ D7 Vy _ 7(0.025 m) 50 m/s3 _04372kgs
Y, 4 y 4 0.05614 m"/kg

while that at the outlets is

m _ 0.4372kg/s

5 =0.2186 kg/s

Substituting the above results into the flow power expression produces
Wﬂow =2m, Py, —m Ry,
=2(0.2186 kg/s)(1400 kPa)(0.06335 m*/kg) — (0.4372 kg/s)(1600 kPa)(0.05614 m*/kg)
=-0.496 kW
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