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Lighting power = (Power consumed per lamp) X (No. of lamps)

= (80 W/lamp)(30 lamps)
= 2400 W = 24 kW

Operating hours = (12 h/day)(250 days/year) = 3000 h/year
Lighting energy = (Lighting power)(Operating hours)

= (2.4 KW)(3000 h/year) = 7200 kWh/year

DAL Plod Coude
Lighting cost = (Lighting energy)(Unit cost)

= (7200 kWh/year)($0.11/kWh) = $792/year
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AE = AU + AKE + APE
AKE = APE = 0. Therefore, AE = AU

- Applying the energy balance on the system gives

Ein o Ec:-ut — AE

system

Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc., energies



We observe that the volume of a rigid tank is constant, and thus there is no
moving boundary work. Also, heat is lost from the system and shaft work is
done on the system. Applying the energy balance on the system gives

Ein B Eout — AE,sys‘[em
Net energ;f transfer Change in iﬁ‘érnal. Kinetic,
by heat, work, and mass potential, etc., energies
Wsh,in o Qout — AU — U2 o Ul
100 kI — 500 kJ = U, — 800 kJ

U, = 400 kJ
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the kinetic energy of air. Therefore, for a control volume that encloses the
fan-motor unit, the energy balance can be written as

0 (steady) -
— — Va y) —
E E dE E em /dt =0 E =FE_.
Rate of net enewx tr m\tel Rate of change in ‘internal, kmetu,
by heat, work, and mass potential, etc., energies
V2
X . out
Welect, in m keout — My

Solving for V.

out

and substituting gives the maximum air outlet velocity to be

2Wercein \/ 2(20 1/s) (1 m?/s?
j 1.0 ke/s \ 1 J/kg

) = 6.3 m/s

which is less than 8 m/s. Therefore, the claim is false.



Discussion The conservation of energy principle requires the energy to be pre-
served as it is converted from one form to another, and it does not allow any

energy to be created or destroyed during a process. From the first law point of
view, there is nothing wrong with the conversion of the entire electrical energy

into kinetic energy. Therefore, the first law has no objection to air velocity
reaching 6.3 m/s—but this is the upper limit. Any claim of higher velocity is
In violation of the first law, and thus impossible. In reality, the air velocity will
be considerably lower than 6.3 m/s because of the losses associated with the
conversion of electrical energy to mechanical shaft energy, and the conversion

of mechanical shaft energy to kinetic energy or air.
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Type Efficiency
&35! ool ',T-? E - =
638 %0, % as, conventiona
W O 4 Gas, high-etficiency 62%
Electric, conventional 90%

Electric, high-efficiency 94%
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