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CONSERVATION OF MASS

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.

2 kg 16 kg 18 kg
—

Mass is conserved even during chemical reactions.

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

c =2.9979 x 108 m/s.
The mass change due to energy change is absolutely negligible.
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Conservation of mass principle

Control volume can be thought of a region of space through which mass flows.
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The rate form —
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Flow through a pipe or duct
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The average velocity V,,, is defined as The volume flow rate is the volume
the average speed through a cross of fI_U|d flowm_g t_hrough a Cross
section. section per unit time.
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The mass flow rate through a different area dA can be expressed as:

dm = pV dA
|

Velocity normal to dA

= jA oV dA  (Kgs)

= M=oV, A (Kg/s
radld /,0 e (kg's)

density kg/ m3 average fluid velocity normal to A, m/s

: 3
The volume flow rate: V = IV ndA =V qy A(mé)
A
The mass and volume flow rates are related by :
.V
Mm=pV =—
V
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Conservation of Energy Principle
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Q_W+2Ein_ZEout:AECV
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This equation can also be expressed in the rate form (i.e. quantities per unit

time).

When there is no mass flow in and out of the system, the energy equation
reduces to that of a closed system:

Q-W =AE
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Flow work or flow energy

The energy required to push fluid into or out of a control volume.
The force applied on the fluid element : F=PA

The work done in pushing the fluid element into the control volume:
i.e. the flow work : Wy, = F L = PAL =PV (kJ)

On a unit mass basis W _ = Pv (kJ/kg)
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Imaginary FEpETy o 1
piston (the fluid pushing
the fluid infront of it)
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Total Enerqgy of a flowing fluid

2

For a nonflowing fluid :e=u+ke+pe=u +? +gz (kJ/kQ)

2

For a flowing fluid the total energy 8 =Pv+e =Pv+u+ — + gz (kJ/kg)
\_Y_} 2

V2
Hence 6 =h+ke+pe=h+—, +gz (kJ/kg)

Kinetic Kinetic
energy energy energy

. Flowin
Nonflowing e=1u _|_ L _|_ gz ﬂuidg

6 =Pv +u+—+gz

Internal
Internal Potential o Potential
energy energy energy

The total energy consists of three parts for a nonflowing fluid and four parts for a flowing fluid.
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THE STEADY-FLOW PROCESS

Steady flow is defined such that all properties at each point in a system
remain constant with respect to time. (e.g. turbines, compressors, and
heat exchangers)

s L,
M.dbs | Control | - ' /JI/—>— /
in —, | he = "
| volume | 1 , |
, . | — Control :
| Mgy =constant | | N |
|
I I
| Ey = constant : | : .
| a8 | — m
| | Mdis | \:\_' 3
R e - ou [P I P N il

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

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



m,,= constant for steady-flow process
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Conservation of mass

Zmi :Zme

T

If there is only one inlet and one exit

m =m, (kgis) or LV A = pV,A

where p = density (kg/m*)
v = specific volume (m®/kg)
V =average velocity (m/s)
A = cross —sectional area normal toarea (m?)
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Mass (and
Conservation of energy for steady flow energy) in
E., =constant or AE_., =0 Turbine _IL 0 Work
] '
AEcv =0 |
Q _W — Z E.out o Z E.in + AE.cv
Mass (and

=>Q-W=>mg->mg

energy) out

. V? V'’
=Q-W=>m(h + > gz)- > m(h o+ 0)
For one-inlet, one-exit systems(i.e single stream systems):
rﬁl — mz
: . V -V In many cases:

Q-W =nkh —h +-2—+g(z,—2)} Ake = Ape =0

L2 S — q—w=Ah
Ah Ake Ape

4-10



Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Some Steady-Flow Engineering Devices

1.Nozzels and Diffusers

g~ W = Ah + Ake + Ape
Vi_\? V, ——=  Nozzle —+=V,>V,

O=h -h +—*+—
2
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2.Turbines and compressors

Combustor >-Stage
5 i LI?C Bleed Low Pressure
-Stage Air Collector Fuel System | 2_gtage Turbine
Low Pressure 14-Stage Manifolds High Pressure
Cl?l)rrcl:pressor High Pressure Turbine
( ) Compressor
Cold End L DR
Drive Flange yeseaen, Drive Flange

SOPIEYS - a
......

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.
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2. Turbines and compressors Mass (and
energy) Iin

q—w = Ah + Ake + Ape

w:—(hz—h1+V2 Y, )
q—W:Ah+Mg+Aﬁ8
q-w=h,-h,
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Ex: Steam turbine

m = 600 kg/h
Fn?r—sfn'eaij?/n flow hi = 3120 kJ/kg
1 U T Vl =3mls

O—W =mgh —h + e 2V +9(z-2)}

9—w+(h+v—+gz)—(h+v—+gz) -0 3
m m
kg '
600 W
e _ -0167%9/
~ 3600%€ / .
i Q= 030K~ o330 Kk
kg 2 = g
630 / 0175 V, = 130 m/s
Se L =
~ 3600 e 2

0175k3/ W 120 (1oory) 9.81 /

)~ @309 + @s0m)

01679 0167 / 9 210007, ;) 10009,

~1.05K 3120k 4+ 5kd/ 1 0.020kd/ Y_(2330+8.45+0)=0
=-1050{g 0167k/+( Vi 5% kg) (2330 +845+0)

=W =+131.183kW
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3.Throling Valves

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

Why there is a pressure drop?

Energy per unit volume before = Energy per unit volume after

P, + Y2pv,* + pgz, = P, + Ypv,"+ pyz,

A At A\
Fressure| |Kinetic Potential
Energy | |Energy| |Energy
per unit| |per unit
volume| |volume

The often cited example of the

Bernoulli Equation or *Bernoulli

_ Effect” is the reduction in pressure

Flow velocity Flow velocity ) which occurs when the fluid speed
V, V, increases.

P Increased fluid speed,
1 decreased internal prassure,
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3.Throling Valves

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.

Throttling
valve
— Energy balance T
0 0 0 0 IDEAL T T,=T,
GAS h hy,=h
o— W= Ah + Aké + ApE | 2= hy
= h2 - hl Throttling
_ valve
u1+P1V1_u2+P2V2 T
uy =94.79 kl/kg u, = 88.79 kl/kg
Internal energy + Flow energy = Constant Pyv; =0.68 kl/kg P,v, =6.68 ki/kg
(hy = 95.47 kl/kg) (hy = 95.47 kl/kg

During a throttling process, the enthalpy of a fluid remains constant. But
internal and flow energies may be converted to each other.
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3.Throttling Valves
T Sl
(X) T
(a) An adjustable valve ?H();I?SL_’ Z: ::le 5

e

(b) A porous plug

h, = h,

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

(c) A capillary tube

Internal energy +flow =const.

If Pv increase then u, decreases — drop in temperature

If Pv. decrease then u, increases—> increase in temperature

For an ideal gas, h=h(T) and since h=h, the temperature does not change T.=T,

4-14



Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

4. Heat exchangers

Mass flow rate of fluid A:

Mass flow rate of fluid B: M
I'T.]I

Energy equation for blue CV:

Q-W =Y m (h +

2
Y mh=>mh

rrlBhBi + rT.]AhAi — I’T.]BhBe + I‘T.]AhAe

i:me:mA
=m =m

Energy equation for red CV: — single stream

O W = (Ah + Ake + Afe)
Q=m,(h,—h)
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+ gze)_zmi(hi +\/2i+ gzi)

I Heat :
50°C <+ I
E A== == = l
| Heat I
L e e e — - \X |

~ Fluid A

20°C
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5.Mixing Chambers

PUEDN L
m My

m1+m2_m3—>—+1_—
m- 0 Mo 0 0

%\// > mg(h, +7z+g e)— > m;(h +7£+ )

Zmihi = Zmehe

mlhl + m2h2 — m3h3

Divide by m_and let y = ﬂ Sy +hy =(y+1) hy
m

2
The T-elbow of an ordinary shower serves as the i =
mixing chamber for the hot- and the cold-water Soid
streams.
Hot T-elbow
Water
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6.Pipe and Duct Flow

Pipe or duct flow may involve more
than one form of work at the same tim

Heat losses from a hot fluid flowing
through an uninsulated pipe or duct to
the cooler environment may be very
significant.
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Q —W =m (Ah + Ake + Ape)
Q-W =m(h —h)

When air treated as ideal gas

=Q-W=mC (T,-T)

T

(~We ~Wsp)



m= pV (kg )

=8~ V(m®/s) v M m%
oA M)
v, =M (M)
P2 A A

Enthalpy change for incompressible substance:

h2 - h1 — (uz + I:)2\/2) — (ul + Plvl)
— (uz _ul) +V(P2 — Pl)
:KC(Tz _Tl)j+ V(Pz — Pl)

y
AU

Energy equation becomes:

2 2

QW ={C (T, ~T)+v (R, -R)+ 2L s g (z,-2))
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Energy Equation: Q — W, = n‘v,{C(T2 —T) +v(P, —P) + 2"+ g(z; - Zl)}

energies:

When Q is neglible and T; = T:

2 2
, . v," — 10,
- Wsp = mv(Py — Py) + ————+ g(2; — z1)

2

In the case of negligible changes of kinetic and potential

- Wsh ~ V{(Pz — P;)}

Definition of pump efficiency : 3
_ Water (output) Power V() X (P, — Py)kPa

Electric Pump

_ . Power delivered
Electric motor V(P2 =P1) 7 tothe fluid

Discharge
Wi
Electric power

Shaft power

Toume = “ghaft (input) Power

Wn (kW)

Nmotor = Wsn :
Wel

The overall pump efficiency :

Tov = 77pump X Mimotor

Electric power consumption:

. W. Vx(P,—P
Wel= sh — (2 1)

Nmotor NmotorNpump




