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Analysis (a) The pressure in the duct is above atmospheric pressure since the fluid
column on the duct side is at a lower level.

(b) The absolute pressure in the duct is determined from

P=P,. +pgh

"IN 1 kPa
= (100 kPa) + (13,600 kg/m>)(9.81 m/s?)(0.045 m
( )+( g/m” )( X {lkg-nﬁsz][ ]

1000 N/m?2
=106 kPa
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T=Tagsookea =158.8°C

(b) The total mass in this case can easily be determined by adding the mass of each phase,

v 0.005 m>
my=—t= ——=4.543 kg
ve 0001101 m*/kg

m,=m;+m, =4.543+2.852=7.395 kg

(c) At the final state water is superheated vapor, and its specific volume is

P, =600 kPa
T, =200°C

} v, =0.3521 m’/kg (Table A-6)

Then,
V, = mu, =(7.395kg)(0.3521 m" kg) = 2.604 m*
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Analysis (a) Initially the system is a saturated mixture at 125 kPa pressure, and thus the initial temperature is

I = Tygiosies = 106.0°C
The total initial volume is

Vy=m vy +mv, =2x0001048+3x13750=4.127 m’

Then the total and specific volumes at the final state are

V, =1.2¥, =1.2x4.127=4.953 m’
V, 4953m’

vy =2 =220 09905 mikg
Skg

P, =300 kPa

) 1, (13=3736°C
v, =0.9903m"/kg

(b) When the piston first starts moving, P, =300 kPaand t4= ¢, =4.127 m’.
The specific volume at this state is

v, 4127m’
20T omsamikg
m Ske
which is greater than = 0.60582 m/kg at 300 kPa. Thus no liquid is left in the cylinder when the piston starts moving,

(¢) No work is done during process 1-2 since ¥} = {4, The pressure remains constant during process 2-3 and the work done
during this process is

| kJ

| kPa-m

3
W, =I2PdV:P2(V3 ~V,)=(300 kPa 4953 -4.127)m’ {

3]=2-‘-I’i’.61{.]
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gystem

; e e
Netenergy transfer  Chanpein intemal, kinetic,
by heat, werk, and macg potential, ete. cnergies

Qin_Wb,out =AU =m{u2 —ul) =0

E,-E, = AE
N a—

Qm b,mn

since u = u(T) for ideal gases, and thus u;=u, when 7, =T, . The
initial volume of air is
RV _BY ., _RT,, 400kP
L L 'ZPT'zuﬂkFa

x1x(04 m*) = 0.80 m’

The pressure at the piston face always remains constant at 200 kPa, Thus the boundary work done during this process is

: i 1K
W out tl[l PdV = B, -1}) = (200 kPa)(0.8 - 0.4)m T

Jews

Therefore, the heat transfer is determined from the energy balance to be

Wh,out =& = 80kJ
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Properties Noting that T< T g ssouea = 127.41°C, the water in all three
streams exists as & compressed liquid, which can be approximated as a
saturated liquid at the given temperature. Thus,

b] = h;@moc = 3350 kjfkg
Iy 2 hrgwee = 83915 kl/kg
b= hr@42=c = 17590 kjv'rkg

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

Mass balance:

i =ty = A = 0 —s 1y + 11y = iy

Energy balance:

Bohy = A

Rateof net transfi
of nel energy transier  Raie of change in internal, kinetie,
by heat, work, and mass potential, ete. erctgles

lrIjin = EI'n:ml
fh + b, = ik, (since O = W =Ake = Ape = 0)
Combining the two relations and solving for f, gives
tiyh + gty = 1y + 1 )y
L] - ]
1y =‘h]_hz‘ﬂl
by-hy

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

. (335.02-175.90} kg
™ = 75,9083 915 Kikg

(0.5 kg/s)=0.868 ks
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