[ S AL

ALY



doo —
R e
D9 Sl i O30 £ 2 iptnd S0 33 45 510 3L 4
ST g 1) 50 5T 195 0 2 o J A5 e 58 el
Gagh OT 31 (235 9 JAT o> 4 83909 2 On Sl p 2 Sl OB (ol plet
.1:5.-...1
B35 0 B Dge 4Ok 2 (02 9 x> (29) TS

m

3 eadlS j5ue oy slade fgo e o0
Oleyaxlg jo abhde SO

(mass flow rate)




dodo —
(40131) i slaie

B8 5 20 0Bl Lrwgin Lk g i 5 3 Yoo cadafio &5 30 20 (39T Cewey (& 5°

|
V. = —J V dA /I Average velocity
avg A 5 n C

cvA

Wb Ol 0 alalio 5 30 I 085 Sl 2 B 9 (Fryp) fawgin Cae g (1010 b
m = pV A (kg/s)

avg

avg I

Sy ol bugie Sy

i

— A
V—> i — Flow O

e

FIGURE 6.3 The flow across a control volume surface
with a flow cross-sectional area of A. Average velocity is
shown to the left of the valve and a distributed flow
across the area is shown to the right of the valve.
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FIGURE 5-5

Conservation of mass principle for an
ordinary bathtub.
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EXAMPLE 6.1  Airis flowing in a 0.2-m-diameter pipe at a uniform velocity of 0.1 m/s. The temperature
is 25°C and the pressure is 150 kPa. Determine the mass flow rate.

Solution
From Eq. 6.3 the mass flow rate is

m=VA/v
For air, using £ from Table A.5, we have

_ RT _ 0.287kJ/kgK x 298.2K

_ 3
5 T0kPa = 0.5705 m" /kg

V

The cross-sectional area is

A2 %(0.2)2 — 0.0314 m?

Therefore,

m=VA/v=0.1m/s x 0.0314 m*/0.5705 n13/kg = 0.0055 kg/s
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Many of the applications of the steady-state model are such that there is only one flow
stream entering and one leaving the control volume. For this type of process, we can write

Continuity equation: m; = 1me = 1 (6.11)

2 2

. V- \"/ -
Firstlaw: Qc vy + 12'2(]71- — 71 + ng) — n')(bg — 79 + gZe) + Wev  (6.12)

Rearranging this equation, we have
V: '
q+bf+71+g2j:be+7€+g26+w (6.13)
where, by definition,

' W,
q = QC,'V' and w= CV (6.14)
m m
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FIGURE 5-26

Nozzles and diffusers are shaped so
that they cause large changes in fluid
velocities and thus kinetic energies.
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EXAMPLE 6.6 The mass rate of flow into a steam turbine is 1.5 kg/s, and the heat transfer from the
turbine is 8.5 kW. The following data are known for the steam entering and leaving the

turbine.
Inlet Exit
Conditions Conditions
Pressure 2.0 MPa 0.1 MPa
Temperature 350°C
Quality 100%
Velocity 50 m/s 100 m/s
Elevation above reference plane 6 m 3m
g = 9.8066 m/s?

Determine the power output of the turbine.

Control volume:
Inlet state:

EXxit state:
Process.
Model:

Turbine (Fig. 6.9).
Fixed (above).
Fixed (above).
Steady-state.
Steam tables.

m; = 1.5 kgls
F;—= 2 MPa
T, = 350°C
l{r-=5[}mf’5
/
Z;-= 6m

Control
H“llx”f surface
|
I ﬁ: j——— >
|| UI 1
| i, =1.5kgl/s
{ P =0.1MPa



Analysis
From the first law (Eq. 6.12) we have

. V2 V2 .
oy, + m(]?f + 71 + ng) = m(/?e + 76 ‘I'gZe) + Wewv.
with
Qcy. = —8.5kW

Solution

From the steam tables, /; = 3137.0 k]J/kg. Substituting inlet conditions gives

V50 x 50
L= —1.25k]/k
2~ 2% 1000 I/ke
6 x 9.8066
Z; = = 0.059 kJ/k
= 1000 I/ke
Similarly, for the exit A, = 2675.5 kJ/kg and
V: 100 x 100
2 ~ 2x1000  OK/ke
3 x 9.8066
g7, = 2= — 0.029 k] /kg

1000



Therefore, substituting into Eq. 6.12, we obtain

—8.5+ 1.5(3137 + 1.25 + 0.059) = 1.5(2675.5 + 5.0 + 0.029) + Wy
Wey = —8.5+4707.5 — 4020.8 = 678.2 kW

If Eq. 6.13 is used, the work per kilogram of fluid flowing is found first.

s \'%5
g+hi+—-+8Zi=het -+ 82+ W
~8.5
= —— = —5.667kJ/k
T J/kg

Therefore, substituting into Eq. 6.13, we get

—3.667 + 3137 4+ 1.25 + 0.059 = 2675.5 + 5.0+ 0.029 + w
w = 452.11 kJ /kg
Wev. = 1.5kg/s x 452.11 k] /kg = 678.2 kW
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5-71 Liquid water at 300 kPa and 20°C is heated in a
chamber by mixing it with superheated steam at 300 kPa
and 300°C. Cold water enters the chamber at a rate of
1.8 kg/s. If the mixture leaves the mixing chamber at 60°C,
determine the mass flow rate of the superheated steam

required.

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

Properties Noting that T < T, 4 300 w2 = 133.52°C, the cold water stream and the nuxture exist as a compressed liqud.
which can be approximated as a saturated liquid at the given temperature. Thus, from steam tables (Tables A-4 through A-

6)
h = hraznc = 8391kikg
hs = hraec = 251.18 kl/kg
and

P, =300 kPa

hy, =3069.6 kjfkg
I; =300°C -



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

. . . A A0 (steady)
Mass balance: My — Moy = Ay e =0 — my, =m,, —> m +m, =nm;
Energy balance:
E E _ AE J0 (steady) —0
“in ~ Tout - “system - ‘ o
. . a 17 =20°C
Rateof netenergy trmsfer  Rateof changein intemal kinetic, .
byheat, work,and mass potential etc. energies my = 1.8 kg/S
. = [ H,O
Ein - Eout 2

(P = 300 kPa)

rinhy + riyhy = 1inshy (since Q = W = Ake = Ape = 0) — 60°C

3
Combining the two, T, = 300°C F
mhy +myh, = (ml +m, )h3 s

Solving for 1, :

mz - - ml
Substituting,
i, = (83.91-251.18)kl/kg (1.8 kg/s) = 0.107 ks

(251.18-3069.6)kJ/kg
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EXAMPLE 6.3 Consider a water-cooled condenser in a large refrigeration system in which R-134a is the
refrigerant fluid. The refrigerant enters the condenser at 1.0 MPa and 60°C, at the rate of
0.2 kg/s, and exits as a liquid at 0.95 MPa and 35°C. Cooling water enters the condenser
at 10°C and exits at 20°C. Determine the rate at which cooling water flows through the
condenser.

Control volume: Condenser.
Sketch:  Fig. 6.6
Inlet states:  R-134a—fixed; water—{fixed.
Exit states: R-134a—fixed; water—fixed.
Process:  Steady-state.
Model. R-134a tables; steam tables.

R-134a vapor in

—

|
|

e - Cooling
| |~ water out
|
|

waterin — ]

I
|
I
N e J\»- Control

1 surface
1

R-134a liquid out

|
|
Cooling i |
|
|




Analysis

With this control volume we have two fluid streams, the R-134a and the water, entering
and leaving the control volume. It is reasonable to assume that both kinetic and potential
energy changes are negligible. We note that the work is zero, and we make the other
reasonable assumption that there is no heat transfer across the control surface. Therefore,
the first law, Eq. 6.10, reduces to

Z mh; = Z m.h,

Using the subscript r for refrigerant and w for water, we write

mr(bf')r ar mw(bj)w — mr(be)r + mw(be)w



Solution

From the R-134a and steam tables, we have

(h;), = 441.89 k] /kg, (hy), = 42.00 k] /kg
(he), = 249.10 k] /kg, (he), = 83.95k]/kg

Solving the above equation for 1, the rate of flow of water, we obtain

(h; — he), (441.89 — 249.10) kJ /kg
(he — h)),, (83.95 — 42.00) k] /kg

= 0.2 kg/s

m,, = I, = 0.919kg/s



I/

Jlia

The compressor of a large gas turbine receives air from the ambient at 95 kPa,
20°C, with a low velocity. At the compressor discharge, air exits at 1.52 MPa,

430°C, with velocity of 90 m/s. The power input to the compressor is 5000 kW.

Determine the mass flow rate of air through the unit.
Solution:

C.V. Compressor, steady state, single inlet and exit flow.

Energy Eq.6.13: q+h+V22=h,+ VS22 +w
Here we assume q=0 and V;=0 so using constant Cp, from A.5
9,
_ 2/ — (90)
-W = Cpo(Te - Tj) + V7/2 = 1.004(430 - 20) + 5777500 = 4155 ki/kg

Notice the kinetic energy is 1% of the work and can be neglected in most
cases. The mass flow rate is then from the power and the specific work

We 5000

i e m=12.0 kg/s

AIR

n

7\



5-51 Carbon dioxide enters an adiabatic compressor at
100 kPa and 300 K at a rate of 0.5 kg/s and leaves at 600 kPa
and 450 K. Neglecting kinetic energy changes, determine
(a) the volume flow rate of the carbon dioxide at the com-
pressor inlet and (b) the power input to the compressor.
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