4-133 A cylinder is initially filled with helium gas at a spacified state. Helium is compressed
polytropically to a specified temperature and pressure. The heat transfer during the process is to be
determined.

Assumptions 1 Helium is an ideal gas with constant specific heats. 2 The cylinder is stationary and thus the
kinetic and potential energy changes are nagligible. 3 The thermal energy stored in the cylinder itself is
negligible. 4 The compression or expansion process is quasi-equilibrinm.

Properties The gas constant of helium is R = 2.0769 kPa.m’/kg K (Table A-1). Also. c.=3.1156 kI/ke. K
(Table A-2).

Analysis The mass of helium and the sxponent # are determined to be

BY, 150 kPa 0.5 m’
m="11= ( 3( J =0.123 kg

RT,  (2.0769 kPa -m3/kg K 293 K)
BV, PRV, T,P 413K 150 kP
e sy =21y = P 2 %0.5m’ =0264 m’
RT,  RT, T,P, 203K~ 400 kPa

(R (VY 1200 (05 Y\ .

P,Vq”zatrg“—%—?i: —1| >—=| ] > n=1.536
e ) \v) 150 | 0.264

Then the boundary work for this polytropic process can be determined from

2 = —
Poin = IPdt/ _ BV.-RY _ mRL-T)
| : 1-n 1-n
(0.123 ke)(20769 Kke KYAI3-299K . -
1-1.536

We take the contents of the cylinder as the system. This is a closed system since no mass enters or leaves.
Taking the direction of heat transfer to be to the cylinder. the energy balance for this stationary closed
system can be expressed as

‘_Eil _ Eout' i fﬁEsysrem
Met energy transfer Clange inl.t.lual, Kinelic,
by heat. work and mass potential, etc_energies
Qm + I«"F‘i},m =AlF = ;;?(3;2 _”l) _
Oy = muy —1y) =Wy i He
: r=cC
=mc, (I —5)—Wyin
2 . ‘_‘- Q
Substituting.
0,=1{0.123 kg)(3.1156 kl/kg'K)(113 - 293)K - (572 kI) = -11.2 kJ

The negative sign indicates that heat is lost from the system.

5-26C A steady-flow system invelves no changes with time anywhere within the system or at the system
boundaries

5-27C No.



5-38E Air is decelerated in a diffuser from 600 ft/s to a low welocity. The exit temperature and the exit
velocity of air 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 enthalpy of air at the inlet temperature of 20°F is /i; = 114.69 Btw/lbm (Table A-17E).

Analysis (a) There is only one inlet and one exit, and thus 7y =7, = 1. We take diffuser as the system,

which 1s a control wvolume since mass crosses the boundary. The energy balance for this steady-flow system
can be expressed in the rate form as

- = _ = A (steady) _
Ei.n _Ec-u! = AES}’sz'em =0
Rate of netenergy transfer  Rate of change i].{ internal, kinetic,
by heat, work, and mass potential, etc. energies
E, = Egy 1 AIR, 2
. 2y . 2 : N YRT ~— i
m(hy +V7 /1 2) =wm(h, +V5/2) (since Q=W = Ape =0) \
Y b

vl _p?

or,

2 12 _ 2 (
By =2 2Vi 11469 Brulom - 2600 5] 1 Br/lom

| —— | =121.88 Btw/lbm
2 25,037 ft=/s° |

From Table A-17E. >=5100R

(&) The exit velocity of air is determined from the conservation of mass relation,

1 fl'\Vz :_AIV]. —)7A3V2 :;“llr/&
U2 - Ul RT2 / Pz = er-l IJJDI
Thus,
AT, P 510 R)(13 psi
y,=-abA 1 ORI psa) 6o, ey~ 1143 fus

1 -
AT 5 (480 R)(14.5 psia)



5-52 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)

B =10 MPa | ¢; =0.029782 m’/kg Lol
T, =450°C |y =3242.4kJ/k Ll
1 =450°C n =32424 z V=80 m/s
and
P, =10KkPa
hy=h; +x)h s =191.81+0.92x 2392.1=2392.5 ki/kg
x, =0.92 =

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

72 -2 (50 m/s) — 32 ( e )

AT :{ 0m/s)” —(80 ms) | lkaI:g |- C19517ke
2 2 {1000 m~ /s~

h ' P>=10kPa

(b) There is only one inlet and one exit, and thus 7y =7, = 7. We take the % =092

F ey : V>=50m/'s
turbine as the system, which is a control volume since mass crosses the 2

boundary. The energy balance for this steady-flow system can be expressed
in the rate form as

. - _ = A0 (steady) o
Ein - Eom - AES}’S‘IG]‘H =0
Rate of netenergy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
E'm = JE'our

tia(hy + V2 1 2) =Wy +1ia(hy +V3/2) (since Q = Ape = 0)
¢ 2 w2
. Vy =V,
Wow =701 1y =1y +‘Tl

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

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

out

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

1 v, (12 ke/s)(0.029782 m° /kg
m=—A4,V 4, = 1 z( &) 8
vy 14 80 m/s

=0.00447 m*

5-64C Yes.



5-74 Carbon dioxide flows through a throtiling valve. The temperature change of CO; is to be determined
if CO, 1s assumed an ideal gas and a real gas.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes ars negligible. 3 Heat transfer to or from the fluid is negligible. 4 There are no work
interactions involved.

Analysis There is only one inlet and one exit, and thus 7y = iy = i . We take the throttling valve 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

B gy = KB e, ™ ) _ig

m our System
Em = EI'our CO]
mly = i, 5MPa —» 100 kPa
Fal 100°C
B

since 0= W=Ake = Ape=0.
(@) For an ideal gas, /1 = h(T), and therefore,
=T =G SAT=T -0 2056
(b) We obtain real gas properties of CO, from EES sofiware as follows

P, =5MPa | i
thy =34.77 kl/kg
T, =100°C |

P, =100kPa ] :
\T, = 66.0°C
};2 = ;;1 =34.77 kJrkg: -

Note that EES uses a different reference state from the textbook for CO; properties. The temperature

difference in this case becomes

AT =T, -T, =100-66.0 = 34.0°C

That is, the temperature of CO, decreases by 34°C in a throttling process if its real gas properties are used.



