Chapter 5
Mass and Energy Analysis of
Control Volumes
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5-1 Conservation of Mass (F £ = &)

= Mass

= Mass and energy
- mass is conserved even during chemical reactions
- E = mc? Einstein,
through fusion and fission
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The general mass balance principle for the lumped
system:
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5-2 Flow Work and the Energy of a Flowing Fluid
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= Flow work: Unlike closed systems, control volumes
involves mass flow across their boundaries, and
is required to push the mass into or out of the
control volume.

- Flow work is the energy needed to push a fluid into or
out of a control volume, and it is equal to PV

Wiow = FL=PAL =PV  (kJ)

. Flow energy: e(u+k.e.+p.e.)+Pv
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‘ Flow work (energy) associated with unit flowing mass I

w=W/m=PV/m=Pv
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| Flow work and the energy of a flowing fluid |

‘ The total energy of per unit mass of flowing fluid I

ﬁ 0= (u+ke+ pe)+Pv
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5-3 Energy Analysis of Steady-Flow Systems
(FEn & 32 it & F §7)
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The general energy balance principle for the lumped
system:

Change Ein _ | Heat . Work
C\V, AE ~ | transfer transfer
+ Energy inflow - | Energy outflow |

due to fluid flow due to fluid flow
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The general energy balance principle for the lumped
system: in rate form

Rate of work
transfer

Rate of change |_ [Rateof heat |
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Energy outflow
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Special treatment on works: I

W =all kinds of rate of works
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Recall: Energy balance for control volume system I

Energy change of asystem, AEggem = E finat = Einitia

where E=U+KE +PE

Mechanisms of Energy Transfer, E;,and Eqy
where Ein = Qin +Win + Ema&,in Eoul = Qout +Woul + Ema&,oul

Energy balance, AE ggem = Ein — Eout
AEsystem = (Qin = Qo) + Wi, =W,) +(Emas.in - Emas,um)

E s =M(h+ke+ pe), h=u+Pv

Energy balance for a control volume system,
AEsygem =Q-W + [min(h +ke+ pe)in — Moyt (h +ke+ pe)uul]

Es/slem :Q_W +I:rﬁln(l"]+ke+ pe)m _mout (h#’ke+ pe)oul]

Summary of the balance equations for control volume

Mass and energy
balance

Amw =Min — Mgy
AEsyslem =Q-W +[min(h+ ke + pe)in — My (h+ ke + pe)oul]

In rate form mg, =My, —My,

Ewslem = Q _W + [min(h+ ke + pe)in - rﬁout (h + ke + pe)oul]

i (steady flow) — Am, =0=m;,—m,,
mcv =0= min _mou\

AE e =0=Q-W +m[(h+ke+ pe);, —(h+ke+ pe),,]
Egeem =0 = Q-W +m[(h+ke + pe),, — (h+ke + pe),, ]

Note: the in-flow and out-flow works are separated from other kind of works
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‘ Nozzle (% %) and Diffuser (< & %) I
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‘ Nozzle (v %) and Diffuser (< & &) I

‘Example 5.4 Diffuser I
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‘ Nozzle (% %) and Diffuser (2 & %) I

‘ Example 5.5 Nozzle I Gou = 2.8 Kl/kg
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‘ Turbine (i ##%) and Compressor (B 45 48) I

‘Example5.6 Compressorl dou = 16 KT
out = JIKE
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‘ Turbine (7 ##%) and Compressor (B 451%) I

. P,=2MPa

‘Example 5.7 Turbine I T, - 400
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‘ Throttling Valves (& ix &) I
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‘ Throttling Valves (& &)

‘Example 5.8 Expansion (throttling) Valve I
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| Mixing Chambers (2 £ ) |

- Cold
water

Hot T-elbow

Water Mixed fluids
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‘ Mixing Chambers (& & %)

‘ Example 5.9 Mixing I
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‘ Heat Exchanger (# % # %) I

Fluid B
70°C
Heat
Fluid A
50°C -
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‘ Heat Exchanger (#: % # %) I

Fluid B CV boundary

(a) System: Entire heat
exchanger (Q¢y = 0)

Fluid B CV boundary

(b) System: Fluid A (Q¢y #0)
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Generic types of heat exchangers

Two fluids, unmixed.
Shell and tube.
Parallel flow.

Two fluids, unmixed.
Shell and tube.
Counter flow.

‘ Heat Exchanger (#: % # %)

‘ Example 5.10 Heat Exchanger
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‘ Pipe and Duct Flow I
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‘ Pipe and Duct Flow I
Pipe and Duct Flow I - -
‘ Example 5.11 Electric Heating I
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‘Example 5.12 Charging Problem I

Imaginary
piston

——]
P;=1MPa
T,=300°C

'P,= 1 MPa ! (constant)

—= Steam —» s

Py=1MPa
(a) Flow of steam into (b) The closed-system
an evacuated tank equivalence
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‘Example 5.12 Charging Problem I

Steam
T, =300°C
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‘Example 5.13 Cooking I
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‘ Example of Discharging Problem I
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