6-31

6-44 Heat is lost from the steam flowing in a nozzle. The velocity and the volume flow rate at the nozzle
exit are to be determined.

Assumptions 1 This is a steady-flow process since there

is no change with time. 2 Potential energy change is
negligible. 3 There are no work interactions.
400°C STEAM 300°C

Analysis We take the steam as the system, which is a

control volume since mass crosses the boundary. The 800 kPa ~ —> 200 kPa
energy balance for this steady-flow system can be 10 m/s
expressed in the rate form as Q

Energy balance:
: . _ - 20 (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 = E.out

V2 V.2 . .
M h1+% =m h2+72 +Quy since W = Ape = 0)

V2 V) G
or h,+——=h, +—2+QL_‘lt
2 2 m

The properties of steam at the inlet and exit are (Table A-6)

P =800 kPa |y, = 0.38429 m>/kg
T, =400°C | h =3267.7 kl/kg

P, =200 kPa |y, =1.31623 m’/kg
T, =300°C  |h, =3072.1kJ/kg

The mass flow rate of the steam is

o1 | 5
M=—AV, =——(0.08m2)(10 m/s) = 2.082 ks
v, AV 0.38429 m3/s g
Substituting,
2 2
3267.7 k/kg + L0 ( 1kJ/kf 2]=3O72.1k]/kg+v—2( “‘J/kzg 2j+ 25kl
2 1000 m~/s 2 \1000 m“/s 2.082 kg/s

—>V, =606 m/s

The volume flow rate at the exit of the nozzle is

V, = mu, = (2.082 kg/s)(1.31623 m*/kg) = 2.74 m>/s
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6-34

6-51 Air is compressed at a rate of 10 L/s by a compressor. The work required per unit mass and the power
required are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 Air is an ideal gas with constant specific heats.

Properties The constant pressure specific heat of air at the average temperature of (20+300)/2=160°C=433
Kis ¢, = 1.018 kl/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
\_W—J
; L 1 MPa

Rate of net energy transfer  Rate of change in internal, kinetic,

by heat, work, and mass potential, etc. energies

E.=E

m out

Compressor

W. +mh, =mh, (since Ake = Ape = 0)
Wiy, =rh(h, —hy) =, (T, =T))

120 kPa
Thus, 20°C

10L/s
Wy, =€, (T, =T;) = (1.018kJ/kg - K)(300-20)K =285.0 kJ/kg

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

RT, (0.287kPa-m’/kg-K)(20+273K)

“177p 12
| 0 kPa

=0.7008 m> /kg

v, . }
m=2_ m =0.01427 kg/s
Vi 0.7008 m*/kg

Then the power input is determined from the energy balance equation to be

W,, =rhe, (T, ~T)) = (0.01427 kg/s)(1.018 ki/kg - K)(300— 20)K = 4.068 kW
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6-43

6-60 Air is expanded in an adiabatic turbine. The mass flow rate of the air and the power produced are to
be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 The turbine is well-
insulated, and thus there is no heat transfer. 3 Air is an ideal gas with constant specific heats.

Properties The constant pressure specific heat of air at the average temperature of
(500+150)/2=325°C=598 K is ¢, = 1.051 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 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

: : : 70 (stead:
Ein - Eout = AEsystem (sready) =0
Rate of net energy transfer  Rate of change in internal, kinetic, I MPa
by heat, work, and mass potential, etc. energies 500°C
: : 40 m/
Ein = Eout S
(o Vi ViYL
m[h1 +%J = m(h2 +72] +Wo,,
) ' V.2 _y2 _ V.2 _y2 100 kPa
Wout :m(hl —h, +%J:m{Cp(Tl ~Ty+——2 150°C
The specific volume of air at the inlet and the mass flow rate are
RT : -m’/kg-
v, =R _ (0.287 kPa-m”/kg - K)(500+ 273 K) 02219 m%/kg
P, 1000 kPa
~ AV, (0.2m?*)(40m/
i 02m0)EIWS) g6 061gss
v 0.2219m”/kg
Similarly at the outlet,
RT . m°/kg-
v, =Rz _ (0.287 kPa-m~/kg-K)(150+ 273 K) 1214m3 kg

P, 100 kPa

_ My,  (36.06kg/s)(1.214m’ /kg)

Vv
: A2 1m2

=43.78 m/s

(b) Substituting into the energy balance equation gives

. V2 -V}
Wy = m{cp(Tl —Tz)+%J

2 2
:(36.06kg/s){(1.051kJ/kg-K)(SOO—lSO)K+(40m/ 5)” —(43.78 mfs) ( Ikke ﬂ

2 1000 m?/s?
=13,260 kW
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6-80 Two streams of refrigerant-134a are mixed in a chamber. If the cold stream enters at twice the rate of
the hot stream, the temperature and quality (if saturated) of the exit stream are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 There are no work interactions. 4 The device is adiabatic and thus heat
transfer is negligible.

Properties From R-134a tables (Tables A-11 through A-13),
h1 = hf@ 12oc = 68.18 kJ/kg
h2 =h @ 1 MPa, 60°C — 293.38 kJ/kg

Analysis We take the mixing chamber as the system, which is a control volume since mass crosses the
boundary. The mass and energy balances for this steady-flow system can be expressed in the rate form as

Mass balance:

5 5 A A0 (steady) _
My, —Myy = Amsystem =0

Lo T,=12°C
My, =M [1=12
oo m, =2m, N

m, +m, =m, =3m, since M; =2m
1 2 3 2 1 2

R-134a
Energy balance: (P=1MPa)
T3, X3
. . . 0 t d b
Ein - Eout = AEsystem& (steady) =0 °
NI . , T, =60°C J
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

myhy +m,h, = rshy (sinceQ =W = Ake = Ape = 0)

Combining the two gives 2, h, +m,h, =3m,h, or h; =(2h, +h,)/3
Substituting,

h; = (2x68.18 +293.38)/3 = 143.25 kJ/kg
At 1 MPa, hy=107.32 kJ/kg and hy =270.99 kl/kg. Thus the exit stream is a saturated mixture since
hs < h; < hg. Therefore,

T3 =Ta@1mpa = 39.37°C
and

_hy-hy  14325-107.32

X; = =0.220
hig 163.67
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6-71

6-94 Two streams of cold and warm air are mixed in a chamber. If the ratio of hot to cold air is 1.6, the
mixture temperature and the rate of heat gain of the room are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 There are no work interactions. 4 The device is adiabatic and thus heat
transfer is negligible.

Properties The gas constant of air Cold
is R=0.287 kPa.m’/kg.K. The air
enthalpies of air are obtained from 5°C

air table (Table A-21) as
h] = h@278K =278.13 kJ/kg Warm
hy = h@smk =307.23 kl/kg air
34°C
hmom = h @297K = 29718 kJ/kg

—» Room —— 24°C

i

Analysis (a) We take the mixing chamber as the system, which is a control volume since mass crosses the
boundary. The mass and energy balances for this steady-flow system can be expressed in the rate form as

Mass balance:

20 (steady)
system

[ out
Energy balance:

Ein _ Eom _ AE 20 (steady) =0

system

Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

€ = Eu
myh, + Mmyhy, =mshy  (since Q =W = Ake = Ape = 0)
Combining the two gives  m;h, +1.6mh, =2.6m,hy or hy =(h, +1.6h,)/2.6
Substituting,
h; = (278.13 +1.6x 307.23)/2.6 = 296.04 kl/kg
From air table at this enthalpy, the mixture temperature is
Ts =T@n-20604k1ke =295.9 K=22.9°C

(b) The mass flow rates are determined as follows

RT, _ (0.287 kPa-m’/kg-K)(5+273K)
P 105 kPa

y 3
Y 12ms 3/5 = 1.645 kg/s
vi  0.7599m’/kg

m, = 2.6m, = 2.6(1.645 kg/s) = 4.277 kg/s

=0.7599 m® /kg

Y|

m,

The rate of heat gain of the room is determined from

Quoor = My (Moo — M) = (4277 ke/s)(297.18 — 296.04) ki/kg = 4.88 KW
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6-100

6-124 A rigid tank initially contains air at atmospheric conditions. The tank is connected to a supply line,
and air is allowed to enter the tank until mechanical equilibrium is established. The mass of air that entered
and the amount of heat transfer are to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the state of fluid at the inlet remains
constant. 2 Air is an ideal gas with variable specific heats. 3 Kinetic and potential energies are negligible. 4
There are no work interactions involved. 5 The direction of heat transfer is to the tank (will be verified).

Properties The gas constant of air is 0.287 kPa.m’/kg K (Table A-1). The properties of air are (Table A-21)

T, =295 K — > h; =295.17 k/kg
T, =295 K —> u, =210.49 kl/kg
T, =350 K —> u, =250.02 kl/kg

Analysis (a) We take the tank as the system, which is a control volume since mass crosses the boundary.
Noting that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and
internal energy U, respectively, the mass and energy balances for this uniform-flow system can be
expressed as

Mass balance:

> m=m-m P; =600 kPa
' T Ti=22°C

Energy balance: @_(
Ein - Eout = AEsystcm
—_—

My, — Moy = Am

system

;\/—’ — 3
Net energy transfer Change in internal, kinetic, 1=2m >4 Q
by heat, work, and mass potential, etc. energies Pl =100 kPa
Q,, + mihy =myu, —mu, (since W = ke = pe = 0) T,=22°C

The initial and the final masses in the tank are

3
m =Y _ (100 kpf)(z m’) =2.362 kg
RT,  (0.287 kPa-m’/kg-K)(295 K)
3
m =PV _ (600 kPa)(2 m*) 11946 kg

RT, (0.287 kPa-m’/kg-K)(350 K)
Then from the mass balance,
m; = m, —m, =11946—-2362 = 9.584 kg
(b) The heat transfer during this process is determined from
Qin = —Mihy + myu, —myu,
= —(9.584 kg)(295.17 kJ/kg) + (11.946 kg)(250.02 kl/kg)—(2.362 kg )210.49 kl/kg)
=-339k] - Qg =339kJ

Discussion The negative sign for heat transfer indicates that the assumed direction is wrong. Therefore, we
reversed the direction.
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6-141

6-168 CD EES Steam expands in a turbine steadily. The mass flow rate of the steam, the exit velocity, and
the power output are to be determined.

Assumptions 1 This is a steady-flow process since there is no 1 30 kl/kg
change with time. 2 Potential energy changes are negligible.

Properties From the steam tables (Tables A-4 through 6)
P, =10 MPa | v, =0.035655 m*/kg
T, =550°C h, =3502.0 kl/kg

and

P, =25kPa | v, = v +X,v gy =0.00102+(0.95)6.2034-0.00102)=5.8933 m* /kg
X, =0.95 hy =h¢ +X,hgy =271.96+(0.95)2345.5) = 2500.2 ki/kg 2

Analysis (a) The mass flow rate of the steam is

=—LV,A = : (60 m/s)(o.ms m’ ): 25.24 kgls

v 0.035655 m*/kg

(b) There is only one inlet and one exit, and thus M, = M, = M. Then the exit velocity is determined from

m 25.24 kg/s)(5.8933 m*/k
m:L\/zA2 V, = vy g/s)( m”/kg)

5 =1063 m/s
v, A, 0.14 m

(c) We take the 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

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

n out

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

VARV J

out
V\.lout = _Qout _m{hZ _hl +
Then the power output of the turbine is determined by substituting to be

2 2
W, =—(25.24x30)kJ/s — (25.24 kg/s{2500.2 35020+ (1063 mis)” (60 mis) ( 1lke D

2 1000 m?/s?
=10,330 kW
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6-147

6-173 CD EES An insulated cylinder equipped with an external spring initially contains air. The tank is
connected to a supply line, and air is allowed to enter the cylinder until its volume doubles. The mass of the
air that entered and the final temperature in the cylinder are to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the state of fluid at the inlet remains
constant. 2 The expansion process is quasi-equilibrium. 3 Kinetic and potential energies are negligible. 4
The spring is a linear spring. 5 The device is insulated and thus heat transfer is negligible. 6 Air is an ideal
gas with constant specific heats.

Properties The gas constant of air is R = 0.287 kJ/kg-K (Table A-1). The specific heats of air at room
temperature are C,= 0.718 and ¢, = 1.005 kJ/kg'K (Table A-2a). Also, u=c,T and h=c,T.

Analysis We take the cylinder as the system, which is a
control volume since mass crosses the boundary. Noting Fspring
that the microscopic energies of flowing and nonflowing
fluids are represented by enthalpy h and internal energy u,
respectively, the mass and energy balances for this
uniform-flow system can be expressed as

Mass balance: Air
P =200 kPa
min - mout = Amsystem - mi = m2 - ml Tl =22°C
—_ 3
Energy balance: /=02m
Ein - Eout = AEsystcm
R —)
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

mihy =W, o + MyUy — MUy (since Q = ke = pe = 0)

Combining the two relations, (m2 -m, )hi =Wy out + MU,y —MyU,
or, (my =my)e, Ty =Wy ¢ +MyC, T, —MiC, T,
The initial and the final masses in the tank are

PV, 2m?

_PY _ (200 kPa)(ozm ) 0472 kg
RT,  (0.287 kPa-m’/kg K 295 K)
PV 600 kPa )0.4 m* .
m, =22 _ ( a)( m) 8362

RT, (0287kPa-m’kg-KJT, T,

=m, —m =%—O.472
T

2

Then from the mass balance becomes m

The spring is a linear spring, and thus the boundary work for this process can be determined from
P +P 2 kP
W, = Area =%(v2 —(/1):%(0.4—0.2%3 =80 kJ
Substituting into the energy balance, the final temperature of air T, is determined to be

-80= —(83T 62 —0.472)(1.005)(295)+ (83T 6'2J(O.718)(T2 )-(0.472)0.718)295)
2 2

It yields T, = 344.1K
Thus, m, = 3302 _8362 _, 430ke
T, 3441
and m =m, - m = 2430 - 0472 = 1.96 kg
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