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Objectives g

Develop the conservation of mass principle.

Apply the conservation of mass principle to various systems
Including steady- and unsteady-flow control volumes.

Apply the first law of thermodynamics as the statement of the
conservation of energy principle to control volumes.

|dentify the energy carried by a fluid stream crossing a control
surface as the sum of internal energy, flow work, kinetic energy,
and potential energy of the fluid and to relate the combination of
the internal energy and the flow work to the property enthalpy.

Solve energy balance problems for common steady-flow devices
such as nozzles, compressors, turbines, throttling valves, mixers,
heaters, and heat exchangers.

Apply the energy balance to general unsteady-flow processes with
particular emphasis on the uniform-flow process as the model for
commonly encountered charging and discharging processes.
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5-1. CONSERVATION OF MASS @g

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

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.

Mass m and energy E can be

converted to each other 2kg 16 kg 18 kg
according to H, t 0O, H,O
E = mc?

c the speed of light in a vacuum FIGUR‘E -1 ‘
c=29979 x 108 m/s. Mass is conserved even during

chemical reactions.
The mass change due to energy
change is negligible.

" Ssunchon Nak.Usl., 3
# Bozb & Propedgion lab,



5-1. CONSERVATION OF MASS &s

Mass and Volume Flow Rates

om = pV, dA,

avy

m = J o = J pV, dA, A A, average velocity
A A

(s (s

vo— J v 44 Definition of
1

Volume flow rate
m = pV_A. (kg/s)

avg <

(m?>/s)

. -
, / Mass flow
m=pv=—
f rate
v
) Tl e e e ]
"’.uvg i Ac'““‘i :I
| L Vﬂvg - i
1 1 o
| . : V=, i
: \\ 1 = Vavge I
_____ I - N 1 1
| = ——
i o
: Cross section
FIGURE 5-3 FIGURE 5-4
The average velocity V,_is defined The volume flow rate is the volume of
as the average speed through a fluid flowing through a cross section
Cross section. per unit time.
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5-1. CONSERVATION OF MASS @@

Conservation of Mass Principle

( Total mass entering ) ( Total mass leaving )
the CV during Af

( Net change of mass )
the CV during Af within the CV during Af
The conservation of mass principle for a
control volume: The net mass transfer to or from
a control volume during a time interval At is equal
to the net change (increase or decrease) in the
total mass within the control volume during At.

= Amgey  (kg)

”"’in o ”‘r{}ul

A"??CU — Megnar — Mhinitial

m. — mg, = dineJ/dr - (kgls)
FIGURE 5-5 These equations are often referred to as the
Conservation of mass principle foran  mass balance and are applicable to any control
ordinary bathtub. volume undergoing any kind of process.
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5-1. CONSERVATION OF MASS &g

,/’/—\\ Total mass within the CV: m,, = J pdV
AU A7 T T Cv
&L N
( dm 0 o dn?l:\" d
: dA | A~ Rate of change of mass within the CV: —=—1| pdV
I" Control y Vv dt dt Jev
\ volume (CV) ~

\\ 50 // . — s

e il Normal component of velocity: V, = Vcost=V-n

Control surface (CS)

FIGURE 5-6 Differential mass flow rate: dm= pV,dA = p(V cos 8)dA = p(V-n)dA

The differential control volume dV and

the differential control surface dA used , . —
in the derivation of the conservation of Net mass flow rate: My, = | OoM= J pV, dA = [ p(V-n)dA
CS CS CS

mass relation.

. . d -
General conservation of mass: —J pdV + J p(V-n)dA =0
dt Jev cs

The time rate of change of mass within the control volume plus the net
mass flow rate through the control surface is equal to zero.

d
2| paveTowin-Tavia=o

dt Jevy out in

d( . . _ (.fmm General conservation of mass
_L‘x pdV = Zm— Zm ) Zm— Zm in rate form

dt Jcy in out in out

E SeacseBoc Nak. Uy, 6
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5-1. CONSERVATION OF MASS &s

V,=Vcos 6
m = p(Vcos B)(A/cos 0) = pVA

(a) Control surface at an angle to the flow

A
ll T
= I
> I
m=pVA
(k) Control surface normal to the flow
FIGURE 5-7

A control surface should always be
selected normal to the flow at all
locations where it crosses the fluid
flow to avoid complications, even
though the result is the same.
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5-1. CONSERVATION OF MASS @g

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).

Then the conservation of mass principle requires that the total amount of mass

entering a control volume equal the total amount of mass leaving it.

my=2kg/s my =3 kgls
For steady-flow processes, we are

1 II IIL interested in the amount of mass flowing per

unit time, that is, the mass flow rate.

i i

I

i cv i Z”'? — Z”} (ke/s) Multiple inlets
| | , B d exits

| I in out and e

| | | m=m, — p,V,A =p,V,A, Single stream

my=my +m,=15keg/s

Many engineering devices such as

FIGURE 5-8 o nozzles, diffusers, turbines, compressors,
(.onsef'vunon of mass principle for and pumps involve a single stream (only
a two-inlet—one-outlet steady-flow

systen. one inlet and one outlet).

" Ssanchon Nk, ladv.
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5-1. CONSERVATION OF MASS i

Special Case: Incompressible Flow

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
'L:"g = 0.8 m%/s

f ZV: ZV (m°/s) Steady,

in out incompressible

. . Steady,
V=V,—-V,A, =V,A, incompressible
flow (single stream)

. |
Air |
compressor :

iy =2 kefs There is no such thing as a “conservation
U, =1.4m%s of volume” principle.
FIGURE 5-9 For steady flow of liquids, the volume flow
During a steady-flow process, rates, as well as the mass flow rates,
volume flow rates are not necessarily . tant si liquid
conserved, although mass flow remam_ COI’]?S ant since _IC]UI S are
rates are. essentially incompressible substances.
' SeacseBow Nak, Upaly, 9
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5-2. 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 Wiow = FL=PAL=PV  (k])

low

Woow = PV (kJ/kg)

I
|
|
— R P
F |
m | CV
|
|
|
|

T

Foisiol | ! FIGURE 5-13
maginary R . ]

piston In the absence of acceleration, the

force applied on a fluid by a piston is

FIGURE 5-12 equal to the force applied on the piston

Schematic for flow work. by the fluid.

fm SeosseBovs Nak. Usabv. 10
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5-2. FLOW WORK AND THE ENERGY OF A @g
FLOWING FLUID

Wilow —H

ﬁi CV

(b) After entering

FIGURE 5-14

Flow work is the energy needed to
push a fluid into or out of a control
volume, and it is equal to Pu.
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5-2. FLOW WORK AND THE ENERGY OF A @g
FLOWING FLUID

Total Energy of a Flowing Fluid

V?
e=u+ke+pe=u+ — t &% (kJ/kg) (5-25)
6 =PU+e=PU+ (u+ ke + pe) (5-26)
h=u+ Pv (kl/kg)

V2
Od=h+ke+pe=h+ — t+ 82 (kJ/kg) (5-27)

-

The flow energy is automatically taken care of
by enthalpy. In fact, this is the main reason
for defining the property enthalpy.

' Ssnchon Nat. Usnlkv. 12
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5-2. FLOW WORK AND THE ENERGY OF A &s
FLOWING FLUID

"I

%
0=h+ke+pe=h+—+gz (kl/kg)  (5-27)

-

Kinetic Flow Kmetlc
energy energy energy

Nonﬂowmg e=u +— +gz Flowing = PU+u+—+gz

Sfluid Sfluid
Internal Potentlal Internal Potentlal
energy e energy energy

FIGURE 5-15

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

fm SeacseBovs Nak. Upabv. 13
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5-2. FLOW WORK AND THE ENERGY OF A @g
FLOWING FLUID

Energy Transport by Mass

72
Amount of energy transport: E__..=m0=m (h + -+ Q:) (kJ)

. - . : V2 PR
Rate of energy transport: E_ = mb = m( h + >y + gz) (kW)

mass

sl

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

E = mh E = mh

mass mass

| (5-27)
I When the properties of the mass at
! each inlet or exit change with time

FIGURE 5-16 as well as over the cross section

The product 71,0, is the energy V2 ‘
-y Y O =Y 11 - - iTa - b —_— o - I — o
transported into control volume by E. = J 0.6m; = J h; + - + g.u,-)(?ﬁ'?{-
iy m

mass per unit time.

=

' Ssunchon Nk, Uadv. 14
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5-3. ENERGY ANALYSIS OF STEADY-FLOW

SYSTEMS

Steady-flow process: A process
during which a fluid flows through
a control volume steadily.

FIGURE 5-18

Many engineering systems such as
power plants operate under steady
conditions.

Mass 5 E

in Control

volume

|
|
|
|
|
mcy = constant |
I
|

Ev = constant Mass
y out

e !
FIGURE 5-19

Under steady-flow conditions, the
mass and energy contents of a control
volume remain constant.

A 7
___________ | :

. | .?HE
O (63—,
h, : 1

|
| Control I |
: volume : :
I I 1y
: I > - h';
l__ 1
FIGURE 5-20

Under steady-flow conditions, the
fluid properties at an inlet or exit
remain constant (do not change
with time).

Soarnelon Nak. Usly. 15
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5-3. ENERGY ANALYSIS OF STEADY-FLOW
SYSTEMS

Z_m = Zm (kg/s) Mass balance m=m, —— pV,A;=p,V,A,

/0 (steady)

E —E = dE . . |dt =0

in out system
Rate of net energy transfer in Rate of change in internal, Kinetic,
by heat, work, and mass potential, etc., energies
. _ . o
ELJL - Em (kW)
Rate of net energy transfer in Rate of net energy transfer out Energy balan ce
by heat, work, and mass by heat, work, and mass
Qin + W, in + ng Qout + W out + Z méo
out
V".I V-}
. [ _]'7 —
Qm + 1 in + Z’W (h + + &z ) Qout + I' out + Z’PH( )
in 2 out 2
T T
for each inlet for each exit

: Soanelon Nak. Usly. 16
# Bozb & Propedgion lab,



5-3. ENERGY ANALYSIS OF STEADY-FLOW

SYSTEMS

Conservation of energy principle:

Electric The water stream experiences an
o heating Increase in its total energy as it
”‘“‘ “liﬁl}?‘:“‘ flows through the water heater that
_____ — /7 " is equal to the electric energy
: : i ., . .
My =iy fe======== - supplied to the water minus the
—, | |
Hot —1 | heat losses.
ot | 1
water : | :
out l |
| CV l m
| (Hot-water tank) | -
: }/ Cold
__________ water
In
FIGURE 5-21

A water heater in steady operation.

' Sosnehon Nat. Uk, 17
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5-3. ENERGY ANALYSIS OF STEADY-FLOW

SYSTEMS

Energy balance relations with sign conventions
(i.e., heat input and work output are positive)

O— W= Z_m<h+%+g7) Zm(h-l————l—g’)

out

- o -
e e

for each exit for each inlet

L Vs—-V3?
Q- W= m[hz—hl + 5 "‘8(5’*_31)}

Vio v

q=w=hy—hj+ =+ gz~ 7) qg=0m w=Wn

When kinetic and potential energy changes are negligible
q—w=h,—h,

' Soanelon Nak. Usly. 18
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5-3. ENERGY ANALYSIS OF STEADY-FLOW
SYSTEMS

FIGURE 5-22 -
T4 L e Also
Under steady operation, shaft work 52
and electrical work are the only forms
of work a simple compressible system F. 4
may involve. s

FIGURE 5-23
The units m?/s? and J/kg are
equivalent.

m Sosnelon Nat. Uslv. 19
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5-3. ENERGY ANALYSIS OF STEADY-FLOW

SYSTEMS

V] Vz Ake
m/s m/s klJ/kg

0 45 I
50 67 I
100 110 I
200 205 |
500 502 l

FIGURE 5-24

At very high velocities, even small
changes in velocities can cause
significant changes in the kinetic
energy of the fluid.

Sounchon Nat.Unly. 20
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5-4. 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 (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.

' Sosnehon Nat. Uk, 21
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5-4. SOME STEADY-FLOW ENGINEERING DEVICES

LPC bleed

: 7-Sts -St:
air collector i Stage 5-Stage
Combustor high pressure  low pressure
14-S turbine turbine
5-Stage tage Fuel system
SR high pressure : 1
low pressure ghp manifolds 5
A ) compressor . ot end
compressor (LPC) | . s
3 e - drive flange

A sy 4 o “
_ Nerdht ([t /et 2 /
Cold end - Y =17 “:::‘;»_"‘_ i w D,
vy % : PR TN 2 A
drive flange AT . 'a %‘b AAZ W
> ‘ // . e - "‘r,_ K‘ ‘ ‘ “"

"n‘v" N N

FIGURE 5-25

A modern land-based gas turbine used for electric power production. This is a General
Electric LM5000 turbine. It has a length of 6.2 m, it weighs 12.5 tons, and produces
55.2 MW at 3600 rpm with steam injection.

SearneBos Nakt. Uooby. 22
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5-4. SOME STEADY-FLOW ENGINEERING DEVICES &

1) Nozzles and Diffusers

V,—r—> Nozzle —— V, >>V,

V,—— Diffuser —V,<<V,

Nozzles and diffusers are shaped so
that they cause large changes in fluid
velocities and thus kinetic energies.

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

Anozzle is a device that increases the 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.

The cross-sectional area of a nozzle decreases in the
flow direction for subsonic flows and increases for
supersonic flows. The reverse is true for diffusers.

Energy balance for a nozzle or diffuser
Ein - JE-:aut

v? V3
ﬁ?(h, + 7) = Jii‘(f’fg = 7)

(since Q = 0, W = 0, and Ape = 0)

-

Soanchon Nat.Unly. 23
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Deceleration of Air
In a Diffuser

Ein_E -

out

-
Rate of net energy transfer
by heat, work, and mass

E =E

mn out

0 (steady)
ldt =0

dE

Syslem

Rate of change in internal, kinetic,
potential, etc., enereies

Vi 63 _ :
fi’!(f!l + I) = m(hg + ') (since @ =0, W = 0, and Ape = 0)

hj = hl -

Vi— V3

Ssunchon Nat, Unlv. 24
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Acceleration of
Steam in a Nozzle

1 1.4 MPa
1.8 MPa, 400°C 275 m/s
0.02 m?

0 (steady)

Ein o E(]LII - J‘Eﬁ}'.~i1ucmfIf dt =0
Rate of net energy transfer Rate of change in internal, kinetic,
by heat, work, and mass potential, efc., energies
E]n = EUI.II
2 2
_ A _ V3 ) . B
i\ by + — ) = Qo + 1 hy + 7 (since W = 0, and Ape = 0)
% 3
Vs — Vi
hi — IIEI] ~ Yom — y

' Sosnchon Nat.Unly. 25
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5-4. SOME STEADY-FLOW ENGINEERING DEVICES

2) Turbines and Compressors

Turbine drives the electric generator In steam,
gas, or hydroelectric power plants.

As the fluid passes through the turbine, work is
done against the blades, which are attached to
the shaft. As a result, the shaft rotates, and the
turbine produces work.

Compressors, as well as pumps and fans, are
devices used to increase the pressure of a fluid.
Work is supplied to these devices from an
external source through a rotating shatft.

A fan increases the pressure of a gas slightly and
IS mainly used to mobilize a gas.

A compressor is capable of compressing the gas
to very high pressures.

FIGURE 5-20 Pumps work very much like compressors except

Turbine blades attached to the  that they handle liquids instead of gases.
turbine shaft.

E Sounchon Nat. Uy, 26
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Gout = 16 kKl/kg

Ein - Eout

Rate of net energy transfer
by heat, work, and mass

Ein

W, + mh,
1%

1n

1 P, = 100 kPa
T, =280 K

P, =600 kPa

0 (steady)

= dE /dt

system

Rate of change in internal. Kinetic,
potential, etc., energies

= E

out

= Q. T+ mh, (since Ake

= M, + mhy — hy)

n=10k Compressing Air
by a Compressor

Ape = 0)

Sosnehon Nat. Uk, 27
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5-4. SOME STEADY-FLOW ENGINEERING DEVICES

Power Generation by a Steam

P,=2MPa Turbine
T, =400°C

V=50 m/s

z;=10m

|

Steam —% P 0 (steady)
turbine - : -
: ~ ) Ein _ Eout o dEsystem’fdf =0
Wuut =5 MW — '
Rate of net energy transfer Rate of change in internal, kinetic,
by heat, work, and mass potential, efc., energies
l Ein = E-:mt
Py =15 kPa 2 2
6= 0.90 : Vi - . V3 S
Xy =0. mlhy + —+ gz, ) = W, +mlh + + 22, (since Q = 0)
- - ) . 5] £
V, =180 m/s 2 2

ZH=6m

Vi — Vi
Woe = —| (I, — Iny) + 5 + 8(z, — z)| = —(Ah + Ake + Ape)

[t [

' Sosnchon Nat. Unly. 28
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5-4. SOME STEADY-FLOW ENGINEERING DEVICES

3) Throttling valves

Throttling valves are any kind of flow-
restricting devices that cause a significant
pressure drop in the fluid.

What is the difference between a turbine and
a throttling valve?

The pressure drop in the fluid is often
accompanied by a large drop in temperature,
and for that reason throttling devices are
commonly used in refrigeration and air-
conditioning applications.

Energy balance
hy =h, (kl/kg)
u, + PV, =u,+ P,U,

Internal energy + Flow energy = Constant

)

y. A
o—— S
mﬁl_\\- o | —

(a) An adjustable valve

|

S

(b) A porous plug

(c) A capillary tube

FIGURE 5-32
Throttling valves are devices that
cause large pressure drops in the fluid.

Soanchon Nat.Unly. 29
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5-4. SOME STEADY-FLOW ENGINEERING DEVICES &

Throttling
valve

Ideal T, I,=T,
—
gﬂS .-".'1 h-z = .-('.'1

FIGURE 5-33

The temperature of an ideal gas

does not change during a throttling

(h = constant) process since i = h(T).

ﬁ Soanchon Nat.Unly. 30
# Bozb & Propedgion lab,



DEVICES

5-4. SOME STEADY-FLOW ENGINEERING

Throttling
valve

1, = 88.80 kl/kg

Pu,=6.68ki/kg/ Refrigerator
hy = 95.48 kl/kg)

u; = 94.80 kl/kg
P,v, = 0.68 kl/kg
(hy = 95.48 kl/kg)

FIGURE 5-34

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

hy=h, (kl/kg)
u, + PV, =u,+ P,U,

Internal energy + Flow energy = Constant

Expansion of
Refrigerant-134ain a

Soesselos Nat, Uosky, 31
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5-4. SOME STEADY-FLOW ENGINEERING DEVICES &

4) Mixing chambers

In engineering applications, the section where
the mixing process takes place is commonly
referred to as a mixing chamber.

The mixing chamber does not have to be a

distinct “chamber.” An ordinary T-elbow or a Y-
elbow in a shower, for example, serves as the
mixing chamber for the cold- and hot-water —
streams. Cold

water

The conservation of mass principle for a '.\
mixing chamber requires that the sum of the

H T-elbow
. . ot
Incoming mass flow rates equal the mass flow
rate of the outgoing mixture.
_ o FIGURE 5-35
The conservation of energy_ equation is The T-elbow of an ordinary shower
analogous to the conservation of mass serves as the mixing chamber for the
equation. hot- and the cold-water streams.

' SeacseBos Nak. Upaby, 32
# Bozb & Propedgion lab,



5-4. SOME STEADY-FLOW ENGINEERING DEVICES &

I''= 60°C
i, e MiXiNQ 0f HOt and Cold
E PSR RRRRRETS

Waters in a Shower

\

TS SR
.I"‘- s )

— .. i
- Mixing %
|#‘
chamber i

S

— 7 150 kPa

ol |

T,= 45°C
1, Hiy

0 (steady)
/dt =0

e
e

—
3

Mg

- L
i

ny + m, = My

Ein o Eout =
-

Rate of net energy transfer
by heat, work, and mass

dE

system

Rate of change in internal, Kinetic,
potential, etc., energies

Ein - E.||:rut

iyh, + ryh, = zhy (since 0 = 0, W = 0, ke = pe = 0)

mh, + myh, = (M + m,)h,

SeacseBos Nak. Upalv. 33
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5-4. SOME STEADY-FLOW ENGINEERING DEVICES &

5) Heat exchangers

Heat exchangers are devices
where two moving fluid streams
exchange heat without mixing.

Heat exchangers are widely used gﬁfﬂ

In various industries, and they

come in various designs.
Hot
fluid

FIGURE 5-38
A heat exchanger can be as simple as
two concentric pipes.

' Sosnellon Nat.Unly. 34
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5-4. SOME STEADY-FLOW ENGINEERING DEVICES

Fluid B Fluid B
vl CV boundary lr CV boundary

< Fluid A

< Fluid A 4—[

(a) System: Entire heat (b) System: Fluid A (Qcy #0)
exchanger (Qgy =0)

FIGURE 5-39

The heat transfer associated with

a heat exchanger may be zero or
nonzero depending on how the control
volume is selected.

E Soanelon Nak. Usly. 35
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5-4. SOME STEADY-FLOW ENGINEERING DEVICES &

Water

i¥c — Cooling of Refrigerant-134a by Water

300 kPa

H."] = H."2 = H:',H_,
@ My = My = Mp
—
35°C E PR A e
nergy balance.
8 /7 0 (steady)
Ein - Eout = dEsystemfd‘r =0
Rate of net energy transfer Rate of change in internal, Kinetic,
by heat, work, and mass potential, etc., energies
Eln - Ecrut

i, + rhy, = fyh, + yh,  (since Q = 0, W = 0, ke = pe = 0)

m (hy, — hy) = mgh, — h;)

' SeacseBos Nak. Upalv. 36
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5-4. SOME STEADY-FLOW ENGINEERING DEVICES &

QH'_iﬁ = QR out 0 (RIEﬂd}’}
b | A - _ _
. Ein Eout o (??E:\;;-,-'F.trem’IIF dt =0
R— 1 \_"411 i — ' s '
| Rate of net energy transfer Rate of change in internal, Kinetic,
by heat, work, and mass potential, etc., energies
Ein = ECILI[
Control volume Qw. in + ”"u-".'?] = ”"uﬁg
boundary _
Qyin = 1t (hy — Iy)
FIGURE 541

[n a heat exchanger, the heat transfer
depends on the choice of the control
volume.

' Sosvselows Nat. Yoy, 37
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5-4. SOME STEADY-FLOW ENGINEERING DEVICES

6) Pipe and duct flow

The transport of liquids or gases in pipes and ducts is of
great importance in many engineering applications.

Flow through a pipe or a duct usually satisfies the
steady-flow conditions.

Surroundings 20°C Qout + W *

—_—— — — — —_——— — — — —

W “
FIGURE 542
Heat losses from a hot fluid flowing FIGURE 5—43
through an uninsulated pipe or duct to Pipe or duct flow may involve
”‘1‘3 L‘:'Uiﬂl‘?l‘ environment may be very more than one form of work at the
significant. same time.

ﬂ Soanehon Nak.Unly. 38
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5-4. SOME STEADY-FLOW ENGINEERING DEVICES &

o Electric Heating of Air in a House
Oout=200W 4

| 7
i _/ |
—————————— =
L T,=7 | |
1 | T*
I 1
| T,=17°C I | W= 15kW
I |
| P,=100kPag| |
| e
I I 2
l__ ]
I.;fl = 150 m*/min
0 (steady)
Ein o Eout = _dEs}fﬁtem’Idr : O
Rate of net energy transfer Rate of change in internal, Kinetic,
by heat, work, and mass potential, etc., energies
Ein - Eout
W,. + mh, = Q,, + mh, (since Ake = Ape = 0)

I"II'I o QGLI[ — III(..;JITZ - TI‘I

e,in
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Ah =1.005 AT (kJ/kg)

FIGURE 545

The error involved in Al = ¢, AT,
where ¢, = 1.005 kJ/kg-°C. is less than
(.5 percent for air in the temperature
range —20 to 70°C.

ﬂ Sosellon Nat.Usly. 40
# @b & Propadeion (e



5-5. ENERGY ANALYSIS OF UNSTEADY-

FLOW PROCESSES

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

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

Most unsteady-flow processes can be represented
reasonably well by the uniform-flow process.

Uniform-flow process: The fluid flow at any inlet or
exit is uniform and steady, and thus the fluid
properties do not change with time or position over
the cross section of an inlet or exit. If they do, they
are averaged and treated as constants for the entire
process.
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5-5. ENERGY ANALYSIS OF UNSTEADY-

FLOW PROCESSES

=—>  Supply ling = =—

CV boundary

Control

volume volume

|
| |
l |
| 1
| Control :
: |
| |
| |
|

CV boundary

FIGURE 547

FIGURE 5-46 W ]
Charging of a rigid tank from a supply The shape and size of a ".“““Ol
line 1s an unsteady-flow process since volume may change during an
it involves changes within the control ngteady-fl()w process.
volume.
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5-5. ENERGY ANALYSIS OF UNSTEADY-

FLOW PROCESSES

Mass balance

m. —m.. = Am

n out

(kg)

system

Am

system :r‘mﬁnul _ minitial

m;,—m,=(m,—m;)cy

Energy balance

kin B l:nm o -\ksyslcm (kJ)
R —— —— —_—
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc., energies
— / — 2 — 2
(Qin + H/in + Z’”H) (Qnut + H'/nul T Z’HH) - (’”2('2 m,ée, ).\_\'.\lem
in out

0 =h+ ke +pe e=u-+ ke + pe

Q— W= Emh — Emh + (Mylty — Myl )ggem

out in
Q - QI]Cl.iIl = Qil] o Q(\lll ll/ = ‘li/I'lCI.OI.Il = ‘)V(‘Ul o ‘Vlﬂ
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5-5. ENERGY ANALYSIS OF UNSTEADY-

FLOW PROCESSES

Q W
A 7/
‘e - i vy

|
|
|
: Closed
|
|
|
|

|
: I| Closed
system : :
|
&2 | og_w=aU |
|
.L __!_ J| ,J
Closed ————
FIGURE 548

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

‘Moving
| boundary

FIGURE 549

A uniform-flow system may involve
electrical, shaft, and boundary work
all at once.

-
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5-5. ENERGY ANALYSIS OF UNSTEADY-

FLOW PROCESSES
e Charging of a Rigid

| Tank by Steam

(@) Flow of steam into (b) The closed-system

an evacuated tank equivalence
0
Mass balance: my, — My, = Amgg.. — m;=m, —m = m,

Energy balance:

E'Ln - Euut - —\‘Esystcm
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc., energies
mh;, = myu, (sinceW =0 =0,ke= pe=0,m, =0) U, = h,’
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5-5. ENERGY ANALYSIS OF UNSTEADY-

FLOW PROCESSES

Steam
T;=300°C

PLY o
4 S
ohg

e
b

SRETAGE

o

L

=iy

fort
;

|
|
|
|
Ty = 456.1°C |
|
|
|
|
|

R

AL
s o g g gy - o e e - o
D R e R e h e esh st

FIGURE 5-91

The temperature of steam rises from
300 to 456.1°C as it enters a tank as a
result of flow energy being converted
to internal energy.
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5-5. ENERGY ANALYSIS OF UNSTEADY-

FLOW PROCESSES

Discharge of Heated Air
at Constant Temperature

T R Ta It PR
SSRGS H IR OI IO HOH O IRTINN

Mass balance: My — Moy = AMgygen, —> M, = My — N,

Energy balance: E;, — E_, = e
e ——
Change in internal, kinetic,

potential, etc.. energies

| ————
Net energy transfer
by heat, work, and mass

W,., — m,h,= my, — muu, (since Q= ke= pe= 0)
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Summary 4T

Conservation of mass

Flow work and the energy of a flowing fluid
Energy analysis of steady-flow systems
Some steady-flow engineering devices

Energy analysis of unsteady-flow processes
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