
42 Heat Transfer

42.1 10lbs of pork shoulder are cooled from 68◦F to 10◦F for storage in a
freezer. How much energy is removed?

A. 150Btu

B. 440Btu

C. 1460Btu

D. 1480Btu

The total energy removed is the sum of the sensible heat removed above the freezing point, latent
heat removed at the freezing point, and sensible heat removed below the freezing point. In the
Reference Handbook, look up speci�c heats of foods and �nd pork. Note that the freezing point of
pork is 28◦F . The speci�c heats above and below freezing are also given, as well as the latent heat
of fusion.

Start by writing the expression for sensible heat removed above the freezing point:

qs,above = mcp,above∆T

Write an expression for the latent heat removed:

ql = mhfg

Write an expression for the sensible heat removed below the freezing point:

qs,below = mcp,below∆T

The total heat removed is the sum of these three expressions. For convenience, factor out the
mass which is common to all terms. Substitute and solve for the total heat removed in Btu:

qt = qs,above + ql + qs,below = mcp,above∆T +mhfg +mcp,below∆T

qt = m [cp,above∆T + hfg + cp,below∆T ]

qt = (10lb)

[(
.86

Btu

lb◦F

)
(68◦F − 28◦F ) +

(
104

Btu

lb

)
+

(
.53

Btu

lb◦F

)
(28◦F − 10◦F )

]

qt = 1479Btu
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42.2 During winter operation, a cooling plant reduces energy use by
using a parallel �ow plate and frame heat exchanger instead of its
chillers. The system consists of two loops, (1) an open condenser
water loop which is fed by cooling towers outside, and (2) a closed
chilled water loop which is distributed throughout the facility. If
the condenser water enters the heat exchanger at 40◦F and leaves at
46◦F and the chilled water enters at 60◦F and leaves at 48◦F , what
is the log mean temperature di�erence?

A. 8◦F

B. 9◦F

C. 10◦F

D. 11◦F

Look up Log Mean Temperature Di�erence or LMTD in the Reference Handbook. Consider mem-
orizing the simpler version below rather than using either of the two equations shown, and learning
how to apply it rather than risking a mistake when assigning the variables to the given information.
Recall:

∆Tlm =
∆TA −∆TB

ln
(

∆TA

∆TB

)
where ∆TA is the temperature di�erence between the two �uids on one side of the heat exchanger

and ∆TB is the temperature di�erence between the two �uids on the other side of the heat exchanger.
Since this is a parallel �ow heat exchanger, the temperature di�erence between the two �uids

upon entering, ∆TA, is as large as it is ever going to be; i.e. the warm �uid is at is warmest and
the cold �uid is at its coldest. Therefore:

∆TA = 60◦F − 40◦F = 20◦F

The temperature di�erence between the two �uids upon leaving, ∆TB , is as small as it is ever
going to be; i.e. the warm �uid has cooled, the cool �uid had warmed, and the temperatures ap-
proach one another from either side, never crossing for a parallel �ow heat exchanger, but potentially
becoming quite close in most cases.

∆TB = 48◦F − 46◦F = 2◦F

Solve the LMTD. It may be faster and easier to use the natural log, ln, rather than 2.3× log10

as suggested in the handbook. (Mathematically they are equivalent.)

Tlm =
20◦F − 2◦F

ln
(

20◦F
2◦F

) =
18◦F

ln (10)
= 7.8◦F
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