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CONSERVATION OF MASS

(J Conservation of mass: Mass, like energy, is a conserved property, and it
cannot be created or destroyed during a process.

J Closed systems: The mass of the system remain constant during a
process.

 Control volumes: Mass can cross the boundaries, and so we must keep
track of the amount of mass entering and leaving the control volume.

2 kg 16 kg 18 kg
—
H, T O, H,0

Mass is conserved even during chemical reactions.

1 Mass m and energy E can be converted to each other according to:

).
E = mc”

where c is the speed of light in a vacuum, which is ¢ = 2.9979 x 108 m/s.



Mass and Volume Flow Rates

Volume flow rate V= V A = VA (nTI/H)
Mass flow rate m = PV A. (k‘_f / \)
m= pV =—
V e e i g Ul i
V I I I,
— i R
i i I
i ! »1
[ I I
. l 1!
! : V= Vangc :
""" i = S ——"

Cross section

The average velocity V,,, is defined The volume flow rate is the

as the average speed through a volume of fluid flowing through
cross section. a cross section per unit time. -




Conservation of Mass Principle

 The conservation of mass principle for a control volume:

(Total mass entering) (Total mass leaving) 3 ( Net change in mass )
the CV during Ar the CV during At within the CV during A7

Mass Balance for Steady-Flow Processes

 During a steady-flow process, the total amount of mass
contained within a control volume does not change with time
(m¢, = constant).

1 The conservation of mass principle requires that the total
amount of mass entering a control volume equal the total
amount of mass leaving it.

or 4



Mass Balance for Steady-Flow Processes

1 For steady-flow processes, we are interested in the amount of mass
flowing per unit time, that is, the mass flow rate.

Multiple inlets and exits:

Eih = > m (kg/s)
_I l | | l L Single stream: -

my =2 kg/s m, =3 kg/s

|

| |

| |

: : O Many engineering devices such as nozzles,

| CV : diffusers, turbines, compressors, and pumps
: | involve a single stream (only one inlet and

| : one outlet).

|

_______________ J

—» Diffuser —»

my =my +m,=135Kkg/s

Conservation of mass principle for a two- —%— [?/LI
o Throttlin
inlet—one-outlet steady-flow system. valve




Special Case: Incompressible Flow

1 The conservation of mass relations can be simplified even further
when the fluid is incompressible, which is usually the case for liquids.

my = 2 kg/s >Dv=>V (m’/s) Steady,

in out incompressible
= 0.8 m>/s

: : Steady,
Vi =V, > VA = V,A, incompressible flow
(single stream)

1 There is no such thing as a “conservation of
volume” principle.

1 During a steady-flow process (constant fluid mass
flow rates), volume flow rates are not necessarily
conserved for Gases (compressible fluids ).

O For steady flow of liquids, both volume flow rates
AND mass flow rates, remain constant (liquids are
incompressible fluids). °




FLOW WORK AND THE ENERGY OF A FLOWING FLUID

. Flow work, or flow energy: The work (or energy) required to push
the mass into or out of the control volume. This work is necessary for
maintaining a continuous flow through a control volume.

F=PA L |
Wiow = FL = PAL =PV (K]) A
flow v | CV
Welow — Pv (kJ / k?{) |
A |
/4 o~ |
Y : : (a) Before entering
F 2 : I —
m |\ [ cv :’
| |
s | P
- — .
/ L : : Vilow é—l‘ v
' |
Imaginary T 1 |
piston | o

Schematic for flow work. (b) After entering



Closed vs. Open systems

J The flow energy is automatically taken care of by enthalpy.

h=u+Pv

1) Pvis known as boundary work (Wb) in closed systems.
2) In open (flow) systems, Pv is known as flow work (Wflow).

(1 Reminder of closed systems (see Chapter 4):
= A closed system may have kinetic and/or potential energy
due to its movement or position, e.g. in cyclic processes.
= |tis distinguished from an open system by its fixed amount
of mass (no mass flow in or out of the system).



Total Energy of a Flowing Fluid

VZ
ezu+l<e+pe=u+7+g:; (kJ/kg)
0 =Pv+e=Pv+ (u+ ke + pe)

)

i

6 =h+ke+pe=nhn+ - t & (kJ/kg)

Kinetic Kinetic
energy energy energy

Flowin
& 9=Pv +u+ —+ [ 74

Nonflowing o =y .|. — _|. gz fluid
Internal Potential
energy energy

fluid
Internal Potential
energy energy

The total energy consists of three parts for a nonflowing fluid, and
four parts for a flowing fluid.




Energy Transport by Mass 2

HZh+ke+pe=h+7+gZ (kJ/kg)

. V?
Amount of energy transport:  E, . = mf = m(h + Py + g7 (kJ)

. . , , V-
Rate of energy transport:  E . = m = m(h -+ g:) (kW)

R
I

- , CV
m;,Kg/s | S
0. kl/ke | o m,6, d When the kinetic and
| (kW) potential energies of a fluid
: stream are negligible:
I
EITIEISS — mh

The product mlﬁl is the )
energy transported into control Emass = mh
volume by mass per unit time.
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ENERGY ANALYSIS OF STEADY-FLOW SYSTEMS

1
T T Control

volume

Mmcy = constant

|
|
|
|
|
| Ey = constant
|
|
|

Mass
_____________ _!l— out
Many engineering systems such Under steady-flow conditions, the mass
as power plants operate under and energy contents of a control volume
steady conditions. remain constant.
e
| 2
&L | e
h] TR :_ h2
|
| Control :
: volume |
Under steady-flow conditions, the fluid : : -
properties at an inlet or exit remain | \JI\. 3
constant (do not change with time). e o



Mass and Energy balances for Heat Blectric

heating
a steady-flow process N plement

=1 i Win
D= D (kg/s) i | 4

|
|
|
|
MaSS in out ous : cv i
. _ . ° |
balance i1, = s, A water heater in || (Hotwatertank) || -
|
piVIA, = p,V,A, steady operation: || I— Cold
water
in
o 0 (steady)
Ener AR _ _
Y Ein Eout o dEsystem/dr =0
balance — , ) , ~ —
Rate of net energy transfer Rate of change in internal, Kinetic,
by heat, work, and mass potential, etc., energies
E in - Eoul. (KW)
Rate of net energy transfer in Rate of net energy transfer out
by heat, work, and mass by heat, work, and mass
. . , %% . . , V?
Qi + Wy + 211 h+ o+ & = Qo + Wou T 2,70 ht o+ &
in out

for each inlet for each exit



J Energy balance relations with sign conventions
(heat input and work output are positive):

_ V? V?
Q- W= 2;?1(11 + 7—!— q:) - Eliz(h + = ea gz>

out in
for each exit for each inlet
2 7
: : . V=V
O—W=m|h, — h + _ + g(:g — .Zl)

2
o) o)
Vs —Vq

g—w=nh,— h +

d When the kinetic and potential energies of a fluid stream are

negligible: b
q - W — /l’) T lll —_—
) | L\/\/\/\/‘J 8((\ |
. i i |
g — Q/ m d Under steady operation, shaft P oy U1 !
work and electrical work arethe @ ———  ——————— u: =l =2

W = W/H’I only forms of work a simple § sh

compressible system may involve.



SOME STEADY-FLOW ENGINEERING DEVICES

= Many engineering devices operate essentially under the same conditions

for long periods of time.

= The components of a steam power plant (e.g., turbines, compressors,
heat exchangers, and pumps) operate nonstop for months before the

system is shut down for maintenance.

= Therefore, these devices can be conveniently analyzed as steady-flow

devices.

5-Stage
LLow Pressure

2-Stage Turbine
High Pressure

LPC Bleed Combustor

5-Stage Air Collector Fuel System
Low Pressure 14-Stage Manifolds

Compressor High Pressure Turbine
(LPC) C =
Omprebbor
Cold End oy kg

Drive Flange S5, Drive Flangg

A modern gas turbine used for
electric power production.

Vi Vs Ake
m/s m/s kl/kg
0 45 1
S0 67 1
100 110 1
200 205 1
500 502 1

At very high velocities, even

small changes in velocities can
cause significant changes in the
kinetic energy of the fluid




Nozzles and Diffusers

= Nozzles and diffusers are commonly utilized
in jet engines, rockets, spacecraft, and even
garden hoses.

== il
/
/
/
/
/
/
/
/
/
/
/

=i

=

—++  Nozzle —+=V,>V, ® Anozzleisa device that increases the
I . ]
velocity of a fluid at the expense of pressure.

\

A diffuser is a device that increases the
pressure of a fluid by slowing it down.

‘___
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ \
2P, |
|

= The cross-sectional area of a nozzle

Vi == Diffuser ——V, <V, decreases in the flow direction for subsonic
flows and increases for supersonic flows. The
reverse is true for diffusers.

Ein - Eout

S

/
/
P SO,

/

Nozzles and diffusers

V: Ve
are shaped so that they Energy balance il o 20 = o o+ 22
cause large changes in  for a nozzle or ! 5 2
fluid velocities and thus diffuser: . .
kinetic energies. (since Q = 0, W = 0, and Ape = 0)



Turbines and

Com pressors Turbine: drives the electric generator In

| steam, gas, or hydroelectric power plants.
Qout = 16 kJ/kg . | |
. P, = 600 kPa As the fluid passes through the turbine, work is

S5 \I —400K  done against the blades, which are attached to
T \L — the shaft. As a result, the shaft rotates, and the
IR |

A turbine produces work.
_C

|

|

I

|

l .
=Rk Compressors as well as pumps and fans,
|

|

|

—

W, =2 are devices used to increase the pressure of a
" % fluid. Work is supplied to these devices from an
’I Py=100kPa external source through a rotating shaft.

Fan: increases the pressure of a gas slightly

Energy balance for the and is mainly used to mobilize a gas.

compressor in this figure:
Ein - Eout

W, + rh, = Q. + nih,

Compressor: capable of compressing the
gas to very high pressures.

Pump: works very much like compressor,
(since Ake = Ape = O) except that it handles liquids not gases.

16



Throttling valves

T 1) Throttling valves are any kind of flow-

)

(a) An adjustable valve

e 2)

(b) A porous plug

3)

(c) A capillary tube

n, = h,

Energy balance:

restricting devices that cause a
significant pressure drop in the fluid.

Enthalpy remains constant since no
heat or work transfer.

The pressure drop in the fluid, due to
gas expansion, is often accompanied
by a large drop in temperature (for
non-ideal gas), and for that reason
throttling devices are commonly used
in refrigeration and air-conditioning
applications.

u, + P,vi = u, + P,v,

Internal energy + Flow energy = Constant



Throttling
valve

Throttling valves

IDEAL T Th=T,;
GAS h h, = h;

[ The temperature of an ideal gas does not change during a
throttling (h = constant) process since h = h(T).

1 During a throttling process, the enthalpy of a fluid remains constant.
But internal and flow energies may be converted to each other.

18



1\ 1 = 60°C
Mixing chambers h

m |

U In engineering applications, the \_—i """"""" ‘:
section where the mixing process - Ifflixmbg .
takes place is commonly referred i e i:’
to as a mixing chamber. __—_ ! P=l40kpPa |

/’ o __________
T, = 10°C T, = 43°C

Energy balance for the adiabatic m ms

mixing chamber in the figure is:

Ein Eout

mh, + myh, = msh;

(since Q = 0, W = 0, ke = pe = 0)

19



Heat exchangers

Heat exchangers
= Devices where two moving fluid streams exchange heat without mixing.
= Widely used in various industries; they come in various designs.

Flui\d B /CV boundary Fluid B /CV boundary
e | \ /
| |
Fluid B : | : —
70°C y b #+— Fluid A T W ea *— Fluid A
T T
\l : Heat :
— — \
50°C <~— ‘ < Fluid
20°C (a) System: Entire heat (b) System: Fluid A (Qcy # 0)
Hea: exchanger (Qcy =0)
l\ (a): Heat transfer within system, not across CV boundary
35°C
A heat exchanger can The heat transfer associated with a heat
be as simple as two exchanger may be zero or nonzero depending

concentric pipes. on how the control volume is selected. *




Heat exchangers

(1 Mass and energy balances for the adiabatic

heat exchanger in the figure is:

Water
15°C
ml — m2 — mw 3()%1’;1
co e R-134a |/
m-s — My — Mp @ L
70°C
| MPa < )>
. . . C @
Ein - Eout 350
/1
©

21



Pipe and duct fow oW |

[ The transport of liguids or gases in

I

I

pipes and ducts is of great importance |

in many engineering applications. e S T T ey 1

1 Flow through a pipe or a duct usually

em Qout — me(TZ - Tl) .

o e Pipe or duct flow may Wen
satisfies the steady-flow conditions. involve more than one form
, of work at the same time.
Surroundings 20°C Qout
w
[ = = T T e |
| 70°C | Cou=200W 4+ :
| Hot fluid : r : L, |
| ) 2= !
__________________ |
| I <
Heat losses from a hot _ : |
fluid flowing through Energy balance for the pipe | | P —
. . . . | e, in—
an uninsulated pipe or flow shown in the figure is: : —
duct to the cooler E. =E : +—>
. in out | Pl 100 kPa |
envuro.nm-e.nt may be _ . _ . | T |
very significant. We,in + mh | = Q out T mh2 —————————
Vl 150 m*/min



ENERGY ANALYSIS OF
UNSTEADY-FLOW PROCESSES
Example-1:

Charging of a rigid tank from a supply line is unsteady-flow
process. It involves changes within the control volume.

J Many processes of interest, involve changes
within the control volume with time.

1 Such processes are called unsteady-flow, or
transient-flow, processes.

(1 Most unsteady-flow processes, can be
represented reasonably well by the uniform-
flow process (steady at inlet or exit locations).

Example-2:
The shape and size of a control volume may
change during unsteady -flow process. mass in

— Supply line —

|

|

: Control
| volume
|
|

CV boundary

CV boundary

Control



ENERGY ANALYSIS OF UNSTEADY-FLOW PROCESSES
Mass balance

Min — Moy = AMgygeem Am

system Mepa — M

al initial

m; —m, = (my, — m;)cy

| = inlet, ¢ = exit, | = initial state, and 2 = final state

Energy balance: Ein - EDllt — AE’Sj.r*s.tem
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc., energies

(Qin + Win + EJ?IH) - (Quu: + Wﬂu’[ + E”IH) = {.”I]{JI - ,”lfl}:whwll] [5_45}

ifn ot

6 = h + ke + pe e = u + ke + pe

Pe, ke negligible:
0 —- W= Emh - th + (m,u, — m,ullh}mm (5—46)

ot i



ENERGY ANALYSIS OF
UNSTEADY-FLOW PROCESSES

A uniform-flow system may involve electrical,

shaft, and boundary work all at once.

O W
1/ i —

:"7‘7 “““ / 7"7@
I - .
: Closed : Closed
| system ' Wen
| |
| |

1 o-w=au

\

. :

Closed e — — — — — —

The energy equation of a uniform-flow system reduces to that of
a closed system when all the inlets and exits are closed. .




u
m EXAMPLE 5-4 Deceleration of Air in a Diffuser

: Air at 10°C and 80 kPa enters the diffuser of a jet engine steadily with a

m velocity of 200 m/s. The inlet area of the diffuser is 0.4 m?. The air leaves
the diffuser with a velocity that is very small compared with the inlet veloc-
ity. Determine (a) the mass flow rate of the air and (b) the temperature of
the air leaving the diffuser.

SOLUTION Air enters the diffuser of a jet engine steadily at a specified
velocity. The mass flow rate of air and the temperature at the diffuser exit
are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with
time at any point and thus Am., = 0 and AE,, = 0. 2 Air is an ideal gas
since it is at a high temperature and low pressure relative to its critical-point
values. 3 The potential energy change is zero, Ape = 0. 4 Heat transfer is
negligible. 3 Kinetic energy at the diffuser exit is negligible. 6 There are no
work interactions.

Analysis We take the diffuser as the system (Fig. 5-27). This is a con-
trol volume since mass crosses the system boundary durmg the process. We
observe that there is only one inlet and one exit and thus m, = m, = m.

(a) To determine the mass flow rate, we need to find the specific volume of the
air first. This is determined from the ideal-gas relation at the inlet conditions:

RT,  (0.287 kPa-m*/kg-K)(283 K)
P, 80 kPa

vy — = 1.015 m’/kg




Then,

1
o= —VA, = 200 m/s}0 4 m?) = 78.8 kg/s
v, ¥ T 1015 mikg ' . g !

Since the flow is steady, the mass flow rate through the entire diffuser
remains constant at this value.

(b) Under stated assumptions and observations, the energy balance for this
steady-flow system can be expressed in the rate form as

0 (steady)
E, — E,, = AE e/ dt =0
\_—.,‘.—_r e * s
Rate of net energy ransfer Fate of change i imlemnal. kinetic,
by lezar, work, amnd mass podenbial, .. energies
Eirn = Euu.l:
V3 V3 . : .
m h|+? = i hl—i—?‘ (since O =0, W = 0, and Ape = 0)
vi— v2
hl — hl —_ —T

The exit wvelocity of a diffuser is uwsually small compared with the inlet
velocity (W, == V,); thus, the kinetic energy at the exit can be neglected.

The enthalpy of air at the diffuser inlet is determined from the air table
(Table A-17) to be

By = h gagax = 283 14 kl/kg

Substituting, we get

hy = 283.14 kl/kg —

0 — (200 mfs)” 1 klVkg
2 1000 m/s®

= 303.14 kl/'kg

From Table A-17, the temperature corresponding to this enthalpy value is

T, =33 K

Compare with nozzle



EXAMPLE 5-6 Compressing Air by a Compressor

Air at 100 kPa and 280 K is compressed steadily to 600 kPa and 400 K. m
The mass flow rate of the air is 0.02 kg/s, and a heat loss of 16 kJ/kg occurs B
during the process. Assuming the changes in kinetic and potential energies
are negligible, determine the necessary power input to the compressor.

SOLUTION Air is compressed steadily by a compressor to a specified tem-
perature and pressure. The power input to the compressor is to be deter-
mined.

Assumptions 1 This is a steady-flow process since there is no change with
time at any point and thus Am,, = 0 and AE;, = 0. 2 Air is an ideal gas
since it is at a high temperature and low pressure relative to its critical-point
values. 3 The kinetic and potential energy changes are zero, Ake = Ape = 0.

=16 kJ/k
e ® s Py=600kPa

7,=400K

-
. —
-
-
-—

-
o

P, =100 kPa
T,=280K 28




Ein = Euul
W, + mh, = Q,, + mh, (since Ake = Ape = 0)
Wm = mq,, + m(h, — h,)

The enthalpy of an ideal gas depends on temperature only, and the enthal-
pies of the air at the specified temperatures are determined from the air
table (Table A-17) to be

hy = gy = 280.13 kl/kg
hy = hg ox = 40098 ki/kg

Substituting, the power input to the compressor 1s determined to be

W, = (0.02 kg/s)(16 ki/kg) + (0.02 ke/s)(400.98 — 280.13) k/kg
= 274 kW

Discussion Note that the mechanical energy input to the compressor mani-
fests itself as a rise in enthalpy of air and heat loss from the compressor.



: EXAMPLE 5-7 Power Generation by a Steam Turbine ?;:iﬁf&’;

V=50 m/s
;=10m

|
m The power output of an adiabatic steam turbine is 5 MW, and the inlet and
m the exit conditions of the steam are as indicated in Fig. 5-31.

(a) Compare the magnitudes of Ah, Ake, and Ape.

(b) Determine the work done per unit mass of the steam flowing through the
turbine.

(c) Calculate the mass flow rate of the steam.

SOLUTION The inlet and exit conditions of a steam turbine and its power
output are given. The changes in kinetic energy, potential energy, and
enthalpy of steam, as well as the work done per unit mass and the mass flow
rate of steam are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with Py=15kPa

time at any point and thus Am., = 0 and AE,, = 0. 2 The system is adia- x,=0.90

batic and thus there is no heat transfer. Vy= 180 mfs

Analysis We take the turbine as the system. This is a control volume since =6m

mass crosses the system boundary during the process. We observe that there

is only one inlet and one exit and thus m, = m, = . Also, work is done by FIGURE 5-31
the system. The inlet and exit velocities and elevations are given, and thus Schematic for Example 5-7.

the kinetic and potential energies are to be considered.
(a) At the inlet, steam is in a superheated vapor state, and its enthalpy is

P‘=2MP3} h, = 32484 kJ/kg  (Table A6
T, = 400°C | 4kdkg  (Table A-6)

At the turbine exit, we obviously have a saturated liquid=vapor mixture at
15-kPa pressure. The enthalpy at this state is

hy = he + x;he, = [225.94 + (0.9)(2372.3)] kl/kg = 236101 kl/kg



Ah = h, — h;, = (2361.01 — 3248.4) kl/kg = —887.39 k)/kg

2 - 2

Vi — Vi (180 m/s)® — (50 mfs;uﬂ( 1 kl/kg
1000 m?/s*

) = 14.95 kJ/kg

LKVke \ _ _0.04 1)k
1000 m¥s2 ) = 004 kl/ke

Ape = g(z, — 2,) = (981 m/s?)[(6 — 10) m](

(b) The energy balance for this steady-flow system can be expressed in the
rate form as

0 (steady)
Eil:l - Euul. = d_E's}.HI:mf{fI =0
Rate of net energy transfier Rate of change in intemal, kinetic,
by heat, work, and mass potential ete_, energies
E-iu = Euu.l_
: V2 _ .
1 + — + gz, | =W, +m| h, + > Zs (since Q = 0)

Dividing by the mass flow rate m and substituting, the work done by the tur-
bine per unit mass of the steam is determined to be

Vi — V3
2

—[—887.39 + 1495 — 0.04] kl/kg = 872.48 kJ/kg

bata

(c) The required mass flow rate for a 5-MW power output is

W, 5000 kJ/s
== = S — 573 kg/s
W 87248 kl/kg

31



: EXAMPLE 5-8 Expansion of Refrigerant-134a in a Refrigerator

: Refrigerant-134a enters the capillary tube of a refrigerator as saturated lig-

m uid at 0.8 MPa and is throttled to a pressure of 0.12 MPa. Determine the
quality of the refrigerant at the final state and the temperature drop during
this process.

SOLUTION Refrigerant-134a that enters a capillary tube as saturated liquid
is throttled to a specified pressure. The exit quality of the refrigerant and the

temperature drop are to be determined.

Assumptions 1 Heat transfer from the tube is negligible. 2 Kinetic energy
change of the refrigerant is negligible.

Analysis A capillary tube is a simple flow-restricting device that is com-
monly used in refrigeration applications to cause a large pressure drop in the

T T.°C ey
X
(a) An adjustable valve ul = 9479 kJ/kg UZ = 88.79 kJ/kg
P, v, = 0.68 kl/kg P, v, = 6.68 kl/kg

%% %% %%

™ (hy = 95.47 kl/kg) (hy = 95.47 kl/kg
(b) A porous plug I :

32

(¢) A capillary tube v v



refrigerant. Flow through a capillary tube is a throttling process; thus, the
enthalpy of the refrigerant remains constant (Fig. 5-34).

v, P1 =08 MPa} T, = Tweosum = 3131°C
I ' ' —
T sat. liquid By = heeosaps = 9548 KIkg
_ P,=012MPa —> h, =224T7kl/kg T, = —2232°C
At exit: - '
(h, = hy) h, = 236.99 ki/kg

Obviously h, < h, < h_; thus, the refrigerant exists as a saturated mixture at
the exit state. The quality at this state is

h, — h 9548 — 22.47
X, = = = 0.340

. h,  236.99 — 2247

Since the exit state is a saturated mixture at 0.12 MPa, the exit temperature
must be the saturation temperature at this pressure, which is —22.32°C.
Then the temperature change for this process becomes

AT =T, - T, = (—22.32 — 31.31)°C = —53.63°C

Discussion MNote that the temperature of the refrigerant drops by 53.63°C
during this throttling process. Also note that 34.0 percent of the refrigerant
vaporizes during this throttling process, and the energy needed to vaporize
this refrigerant is absorbed from the refrigerant itself.



O
m EXAMPLE 5-10 Cooling of Refrigerant-134a by Water

: Refrigerant-134a is to be cooled by water in a condenser. The refrigerant enters

m the condenser with a mass flow rate of 6 kg/min at 1 MPa and 70°C and leaves
at 35°C. The cooling water enters at 300 kPa and 15°C and leaves at 25°C.
Neglecting any pressure drops, determine (a) the mass flow rate of the cooling
water required and (b) the heat transfer rate from the refrigerant to water.

SOLUTION Refrigerant-134a is cooled by water in a condenser. The mass
flow rate of the cooling water and the rate of heat transfer from the refriger-
ant to the water are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with
time at any point and thus Am,, = 0 and AE,, = 0. 2 The kinetic and
potential energies are negligible, ke = pe = 0. 3 Heat losses from the sys-
tem are negligible and thus Q = 0. 4 There is no work interaction.

Analysis We take the entire heat exchanger as the system (Fig. 5-40). This
IS @ control volume since mass crosses the system boundary during the pro-
cess. In general, there are several possibilities for selecting the control vol-
ume for multiple-stream steady-flow devices, and the proper choice depends
on the situation at hand. We observe that there are two fluid streams (and
thus two inlets and two exits) but no mixing.



(a) Ein — Eoul
ih, + mzhy = rsh, + mgh,  (since Q = 0, W = 0, ke = pe = 0)
Combining the mass and energy balances and rearranging give
m (h, — h,) = mg(hy — hy)

Now we need to determine the enthalpies at all four states. Water exists as
a compressed liquid at both the inlet and the exit since the temperatures
at both locations are below the saturation temperature of water at 300 kPa
(133.52°C). Approximating the compressed liquid as a saturated liquid at
the given temperatures, we have

hy = h g s = 62.982 kl/kg
(Table A-4)
hz S hf@ 25° C == 104.83 kJ/kg




The refrigerant enters the condenser as a superheated vapor and leaves as a
compressed liquid at 35°C. From refrigerani-134a tables,

P, = 1 MPa
B hy, = 303.87 kl/kg (Table A—13)

T, = 70°C

P, = 1 MPa

T: — 35°C h, = hf@ asoc — 100.88 kl/kg (Table A—11)

Substituting, we find

st (62.982 — 104.83) kl/kg = (6 kg/min)[(100.88 — 303.87) kJ/kg]
i, = 29.1 kg/min

(b) To determine the heat transfer from the refrigerant to the water, we have
to choose a control volume whose boundary lies on the path of heat transfer.
We can choose the volume occupied by either fluid as our control volume.
For no particular reason, we choose the volume occupied by the water. All
the assumptions stated earlier apply, except that the heat transfer is no lon-
ger zero. Then assuming heat to be transferred to water, the energy balance
for this single-stream steady-flow system reduces to

O (steady)
'Ein - 'EI:JLL'I. = dE!i}'!’i-H:l‘l‘l".‘dr = 0
Rate of net energy transfer Rate of change in internal. kinetic,
by heat, work, and mass potential, et energies
'Ein = E:Jul:
QH.'. in + mu"&] = mu"ﬁlz

Rearranging and substituting,

O, . = m,(h, — h) = (29.1 kg/min)[(104.83 — 62.982) kl/kg]
= 1218 kJ/min



EXAMPLE 5-12 Charging of a Rigid Tank by Steam

A rigid, insulated tank that is initially evacuated is connected through a
valve to a supply line that carries steam at 1 MPa and 300°C. Now the valve
Is opened, and steam is allowed to flow slowly into the tank until the pres-
sure reaches 1 MPa, at which point the valve is closed. Determine the final
temperature of the steam in the tank.

SOLUTION A valve connecting an initially evacuated tank to a steam line is
opened, and steam flows in until the pressure inside rises to the line level.
The final temperature in the tank is to be determined.
Assumptions 1 This process can be analyzed as a upiform-flow process
since the properties of the steam entering the control volume remain constant
during theme_mamss. 2 The kinetic and potential energies of the streams
are negligible, ke = pe = 0. 3 The tank is stationary and thus its kinetic and poten-
tial energy changes are zero; that is, AKE = APE = 0 and AE . = AU g
4 There are no boundary, electrical, or shaft work interactions involved. 5 The tank
is well insulated and thus there is no heat transfer.
Analysis We take the fank as the system (Fig. 5-50). This is a control
volume since mass crosses the system boundary during the process. We
observe that this is an unsteady-flow process since changes occur within the
control volume. The control volume is initially evacuated and thus m;, = O
and myu; = 0. Also, there is one inlet and no exits for mass flow.

Noting that microscopic energies of flowing and nonflowing fluids are rep-
resented 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, = My, =AM, — M=m - m =m
Energy balance:
Ein - Er:u - j"Es;.n.uem
L ! l-_'_-_h'_'_'.
MNet energy transfer Change in internal, kinetic,

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

mh. = myu, (sinceW =0 =0,ke= pe=0,m, =0)

Combining the mass and energy balances gives
u, = h;
That is, the final internal energy of the steam in the tank is equal to the

enthalpy of the steam entering the tank. The enthalpy of the steam at the
inlet state is

P, = 1 MPa
' h, = 3051.6 kl/k ble A-6
T,.=3uﬂ°c} : B
which is equal to w,. Since we now know two properties at the final state, it is P, =1 MPa
fixed and the temperature at this state is determined from the same table to be & Ty=?

P, = 1 MPa
u, = 3051.6 kl/kg

} T, = 456.1°C

(a) Flow of steam into
an evacuated tank
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