nalysis of Control Volumes

= A water heater, a car radiator, a turbine, and a
compressor are examples of control volumes.

Imaginary
boundary Real boundary

Cantrol
volume
(CV)

onservation of Mass Principle

= Mass, like energy, is a conserved property, and it
cannot be created or destroyed.

total mass total mass net change in
enetering |—| leaving |=| mass within
Cv Ccv Ccv

i inlet,
Zmi — Zme = AmCV where { e exit,

Ccv Control Volume.




ass & Volume Flow Rates

Mass flow rate:

m= IpvndA =pv, A
A

Actual

Volume flow rate:

|
|

Average

L]

V= [ydi=v,4
A4

onservation of Energy Principle

e + B e \. w
— —Ji—
‘ w R
I |
I |
Closed I
I system volume -—‘F% )
i Q
| e
I T ) —-—
| ! 0 s -~
———————————————— Mass

out

total energy total energy total energy net change
crossing bounday |[+| of mass |—| ofmass |=| inenergy
as heat and work entering CV leaving CV of CV

Q - W + ZEin,mass - Z Eout,mass = AE'CV




Flow Work

i

Imaginary
piston

After entry

low Work

Force applied on the fluid element:

F=PA 1
Work done on the fluid element: /LLQ
W_ﬂow =FL=PAL =PV >
Flow work per unit mass: i —P

Wiy = PV




Total Energy

| Kin
ene

92
| Nonflowing e=u+—5+gz
| fluid D)
| / |
Internal Potential

etic’
gy

| Flow Kinetic

‘I energy energy
Flowing =

g 8= Putu+ 5 +8z

\ prs—" 4 S

|‘ Internal Potential

v
e=u+ke+pe=u+7+gz

2

9=h+ke+pe=h+%+gz

= By using the enthalpy, one does not need to
be concerned about the flow work

teady-State Flow Process

1) No properties (intensive or

extensive) within the control |...— e a0
. - T I
volume change with time. " 7] convol volume |
} 225°C
2) No properties change at the fade e s
boundaries of the control Time: 1 p.m.
volume with time. Miss L so0c | 230C |
5 _-i Control volume
225°C :
3) The heat and work ; :
. - . F — Mass
interactions between the o =
system and its surroundings Time: 3 pm

do not change with time.




onservation of Mass

total mass entering) (* total mass leaving
CV per unit time B

Diig=> i, (kg/s

For single stream devices:

CV per unit time

i, =i, (kgls)
PV A = py0, 4,
1 1
—V4 = lTVzAz

1 2

onservation of Energy

total energy crossing total energy transported total energy transported
boundary as heat and |=| outof CV withmass |—| into CV with mass
work per unit time per unit time per unit time

Q_W - Zmeee _Zmlel

Z 7]

; ; v e
Q - W =Zme(he -+ ?c +gz,) = zm,(h, a7 7‘ =+ gz;)

for each exit for each inlet




onservation of Energy

For single stream devices:

= s

R Zl)] (kW)

=T

qg — w :kz_h1+ +g(22_21) (k':”kg)

For negligible change in the fluid kinetic and potential energy:

g-w=Ah (kl/kg)

aSteady Flow Engineering Devices

|

TR




ozzles & Diffusers

> 0=0
> W=0
= Ake #0
= Ape=0

0 0 0
d — W =Ah+ Ake + Ape

xample

Determine

= (@) the mass flow
rate of the air and

= (b) the temperature |
of the air leaving the | 4
diffuser.




Turbines & Compressors

0=0
W#0
Ake =0
Ape =0

4 4 4 0

0 0
gi‘—w=ﬁh+;)4@9+,-}p€

Compressor

xample

= Assuming the changes in
kinetic and potential energies
are negligible, determine the
necessary power input to the
COmpressor.

g=-16 kl/kg

4 P, =600 kPa
f th, = 400 K

AlR | s

I
v = 0.02 ke/s ||l
|

P, =100 kPa
T =280K




xample

T, =1200K

1. Compare Ah, Ake, and Ape , =50 mis

z;=10m
Determine the work done
per unit mass of hot gases

GAS

3. Calculate the mass flow roRpE |
rate of the steam e
-
}
P, =100 kPa
T, =600 K
¥, = 180 m/s
:; =6m
= Gases can be treated as air
Throttling Valves
> 0=0
Q 4
(a) An adjustable valve
= Ake=0
)
= Ape=0 ) s

(b) A porous plug

(c) A capillary tube




ixing Chambers

.
Q ~ 0 Mixing =%
e G

W =0

=

=

2> Ake =0

= Ape=0

/
Cold
water
o~
h ~ h (
2 1 s * Telbow
water
Hu\id B CV boundary Flulid B CV boundary
] | / \ |
::.i # ‘i_m
e “ Fluid A L W™ b FnidA
(@) System: Entire heat (a) System: Fluid A (Q('v #0)
exchanger (@, = 0) -

>W=0 oAke=0 o Ape=0

= Heat transfer associated with a heat exchanger may

be zero or nonzero depending on how the system is
selected.




xample

Neglecting any pressure
drops, determine:

Water
15°C
@.
0il /
©)

70°C

1. Mass flow rate of the
cooling water required, and ®
2. Heat transfer rate from the f X
engine oil to water. o
2;?(,‘
ipe & Duct Flow
> 0#0
. Surroundings 20°C
= W#0 e e
= Ake = O _;I_' Hot fluid - "‘T’
= Ape#( o
fiele

S 0 A0
Q — W = m(Ah + AKE + Agse )
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xample

= If heat is lost from the air in
the duct to the surroundings
at a rate of 200 W, determine
the exit temperature of air.

Q=-200W

|
. |
I__.‘-_
|
|
! .
I| W, =-15kW
|
T =171 i
frei——

P, =100kPa |

Vv, = 150 m¥min
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