8-114

8-159 An egg is dropped into boiling water. The amount of heat transfer to the egg by the time it is cooked
and the amount of entropy generation associated with this heat transfer process are to be determined.

Assumptions 1 The egg is spherical in shape with a radius of ry = 2.75 cm. 2 The thermal properties of the
egg are constant. 3 Energy absorption or release associated with any chemical and/or phase changes within
the egg is negligible. 4 There are no changes in kinetic and potential energies.

Properties The density and specific heat of the egg are given to be p = 1020 kg/m® and Cp =3.32 kl/kg.°C.

Analysis We take the egg as the system. This is a closes system since no mass enters or leaves the egg.
The energy balance for this closed system can be expressed as

Ein - Eout = AEsystem Boiling
e R —
Net energy transfer Change in internal, kinetic, Water
by heat, work, and mass potential, etc. energies

Qin = AUegg = m(u2 - ul) = mC(TZ _Tl)

Then the mass of the egg and the amount of heat transfer become Egg
D? (0.055m)° e
m=pV = p=—=(1020 1<g/m3)”‘T = 0.0889 kg

Qu = me, (T, —T) = (0.0889 kg)(3.32 k/kg.°C)(70 — 8)°C = 18.3 kJ

We again take a single egg as the system The entropy generated during this process can be determined by
applying an entropy balance on an extended system that includes the egg and its immediate surroundings so
that the boundary temperature of the extended system is at 97°C at all times:

Sin - Sout + Sgen =AS

system
[ —— — —
Net entropy transfer Entropy Change

by heat and mass generation in entropy
Q; Q
T_m + Sgen = ASsystem - Sgen = _T_m + ASsystem
b b
where
+
AS e = M(S, — §1) = MCyug In 12 = (0.0889 kg)(3.32 kI/kg. K) In 0272 _ 0,0588 kI/K
T 8+273
Substituting,
Q, 18.3kJ
Sgen = —_l_—+ ASytem = — 370K +0.0588 kJ/K = 0.00934 kJ/K (per egg)

b
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