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Example 2.3

A rectangular aluminum alloy (Duralumin) fin is 2 in. long, 0.1 in. thick, and 40 in. wide. It is attached to a prime surface at 150°F
and is surrounded by a fluid at 100°F with a heat-transfer coefficient of 75 Btu/h - ft* - °F. Calculate the fin efficiency and the rate of
heat transfer from the fin.
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ﬂ'Experiments have been conducted on a metallic cylinder 12.7 mm in diameter and
94 mm long. The cylinder is heated internally by an electrical heater and is
subjected to a cross flow of air in a low-speed wind tunnel. Under a specific set of
operating conditions for which the upstream air velocity and temperature were
maintained at /= 10 m/s and 26.2°C, respectively, the heater power dissipation
was measured to be P = 46 W, while the average cylinder surface temperature was
determined to be 7, = 128.4°C. It is estimated that 15% of the power dissipation is
lost through the cumulative effect of surface radiation and conduction through the
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U{ Steam condensing on the outer surface of a thin-walled circular tube of diameter
D = 50 mm and length L = 6 m maintains a uniform outer surface temperature of
100°C. Water flows through the tube at a rate of m = 0.25 kg/s, and its inlet and
outlet temperatures are 7,,; = 15°C and T,,, = 57°C. What is the average convec-
tion coefficient associated with the water flow?
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Example 2.6

1000 Ibm/h of oil at 100°F enters a 1-in. ID heated copper tube. The tube is 12 ft long and its inner surface is maintained at 215°F.
Determine the outlet temperature of the oil. The following physical property data are available for the oil:

Cp = 0.5 Btu/lbm-°F
p = 55lbm/ft>
1= 1.5lbm/ft-h
k=0.10 Btu/h-ft-°F
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Pressurized water is often available at elevated temperatures
and may be used for space heating or industrial process
applications. In such cases it is customary to use a tube
bundle in which the water is passed through the tubes, while
air is passed in cross flow over the tubes. Consider a
staggered arrangement for which the tube outside diameter is

16.4 mm and the longitudinal and transverse pitches are S, =
34.3 mm and S; = 31.3 mm. There are seven rows of tubes in
the airflow direction and eight tubes per row. Under typical
operating conditions the cylinder surface temperature is at 70
°C, while the air upstream temperature and velocity are 15
°C and 6 m/s, respectively. Determine the air-side convection
coefficient.
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—~" Example 3.1

A double-pipe heat exchanger will be used to cool a hot stream from 350°F to 250°F by heating a cold stream from 80°F to 120°F.
The hot stream will flow in the inner pipe, which is 2-in. schedule 40 carbon steel with a thermal conductivity of 26 Btu/h - ft* - °F

Fouling factors of 0.001 h - ft* - °F/Btu should be provided for each stream. The heat-transfer coefficients are estimated to be h; =
200 and h, = 350 Btu/h - ft* - °F, and the heat load is 3.5 x 10° Btu/h.

(a) For counter-current operation, what surface area is required?
(b) For co-current operation, what surface area is required?
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A fluid is to be heated from 100°F to 160°F by heat
exchange with a hot fluid that will be cooled from
230°F to 150°F The heat-transfer rate will be 540,000
Btu/h and the hot fluid will flow in the tubes. Will a
1-2 exchanger (i.e., an exchanger with one shell pass
and a multiple of two tube passes) be suitable for
this service? Find the mean temperature difference

in the exchanger.
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10,000 Ib/h of benzene is to be heated from 60°F to

120°F by heat exchange with an aniline stream that

will be cooled from 150°F to 100°F A number of 16 ft L= (bt}

hairpins consisting of 2 in. by 1.25 in. schedule 40
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In a petroleum refinery, it is required to cool 30,000 Ib/h
of kerosene from 400 °F to 250 °F by heat exchange with
75,000 Ib/h of gas oil, which is at 110 °F A shell-and-tube
exchanger will be used, and the following data are

available:
Fluid property Kerosene Gas oil
Cp (Btu/Ibm-°F) 0.6 0.5
u (cp) 0.45 35

k (Btu/h-ft-°F)  0.077 0.08

For the purpose of making a preliminary cost estimate,
determine the required heat-transfer area of the

exchanger.
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ExampLE 11.1

A counterflow, concentric tube heat exchanger is used to cool the lubricating oil for
a large industrial gas turbine engine. The flow rate of cooling water through the
inner tube (D; = 25 mm) is 0.2 kg/s, while the flow rate of oil through the outer
annulus (D, = 45 mm) is 0.1 kg/s. The oil and water enter at temperatures of 100
and 30°C, respectively. How long must the tube be made if the outlet temperature
of the oil is to be 60°C?
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30,000 Ib/h of kerosene are to be cooled from 400°F
to 250°F by heat exchange with 75,000 Ib/h of gas oil
which is at 1l0 °F Available for this duty is a shell-and-
tube exchanger having 156 tubes in a 21 1/4-in. ID
shell. The tubes are 1-in. OD, 14 BWG, 16 ft long on a

1}-in. square pitch. There is one pass on the shell side
and six passes on the tube side. The baffles are 20%
cut segmental type and are spaced at 5-in. intervals.
Both the shell and tubes are carbon steel having k-
26 Btu/h - ft? °F. Fluid properties are given in the
previous example. Will the exchanger be thermally

suitable for this service? Fluidproperty  Kerosene Gas oil
Cp (Btu/Ibm-°F) 0.6 0.5
u (cp) 0.45 35
k (Btu/h-ft-°F) 0.077 0.08
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ExampPLE 11.3

Hot exhaust gases, which enter a finned-tube, cross-flow heat exchanger at 300°C
and leave at 100°C, are used to heat pressurized water at a flow rate of 1 kg/s from
35 to 125°C. The exhaust gas specific heat is approximately 1000 J/kg - K, and the
overall heat transfer coefficient based on the gas-side surface area is U, = 100
W/m? « K. Determine the required gas-side surface area 4, using the NTU method.
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Consider the heat exchanger design of Example 11.3, that is, a finned-tube, cross-
flow heat exchanger with a gas-side overall heat transfer coefficient and area of 100
W/m? - K and 40 m?, respectively. The water flow rate and inlet temperature remain
at 1 kg/s and 35°C. However, a change in operating conditions for the hot gas gen-
erator causes the gases to now enter the heat exchanger with a flow rate of 1.5 kg/s
and a temperature of 250°C. What is the rate of heat transfer by the exchanger, and
what are the gas and water outlet temperatures?
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ExamPLE 11.5

The condenser of a large steam power plant is a heat exchanger in which steam is
condensed to liquid water. Assume the condenser to be a shell-and-tube heat
exchanger consisting of a single shell and 30,000 tubes, each executing two passes.
The tubes are of thin wall construction with D = 25 mm, and steam condenses on
their outer surface with an associated convection coefficient of 4, = 11,000 W/m? - K.
The heat transfer rate that must be effected by the exchanger is ¢ = 2 X 10° W, and

this is accomplished by passing cooling water through the tubes at a rate of 3 X 10*
kg/s (the flow rate per tube is therefore 1 kg/s). The water enters at 20°C, while the
steam condenses at 50°C. What is the temperature of the cooling water emerging
from the condenser? What is the required tube length L per pass?
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Example 11.1

A stream consisting of 5000 lb/h of saturated n-propyl alcohol (1-propanol) vapor at 207°F and approximately atmospheric
pressure will be condensed using a tube bundle containing 3769 tubes arranged for a single pass. The tubes are 0.75 in. OD, 14
BWG, with a length of 12 ft. Physical properties of the condensate are as follows:

ky = 0.095 Btu/h - ft - °F
o1 = 49 Ibm/ft®
up = 0.5 cp

Estimate the condensing-side heat-transfer coefficient for the following cases:

(a) The tube bundle is vertical and condensation occurs inside the tubes.
(b) The tube bundle is horizontal and condensation occurs outside the tubes.
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ExampPLE 10.4

A steam condenser consists of a square array of 400 tubes, each 6 mm in diameter.
If the tubes are exposed to saturated steam at a pressure of 0.15 bar and the tube sur-
face temperature is maintained at 25°C, what is the rate at which steam is con-
densedeer unit length of the tubes?
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ExampLE 10.1 .
0 pofshed  Loppor

The bottom of a copper pan, 0.3 m in diameter, is maintained at 118°C by an elec-

tric heater. Estimate the power required to boil water in this pan. What is the evapo-

ration rate? Estimate the critical heat flux.
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ExAmMPLE 10.2

A metal-clad heating element of 6-mm diameter and emissivity & = 1 is horizon-
tally immersed in a water bath. The surface temperature of the metal is 255°C under
steady-state boiling conditions. Estimate the power dissipation per unit length of the

heater.
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ExAmPLE 12.3

Consider a large isothermal enclosure that is maintained at a uniform temperature of
2000 K. Calculate the emissive power of the radiation that emerges from a small
aperture on the enclosure surface. What is the wavelength A, below which 10% of
the emission is concentrated? What is the wavelength A, above which 10% of the
emission is concentrated? Determine the maximum spectral emissive power and the
wavelength at which this emission occurs. What is the irradiation incident on a
small object placed inside the enclosure?
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A small oxidized metal tube of diam =
2.5cmand long =60 cm, Ts =500 K is
in a very large furnace enclosure with
fire-brick walls and surrounding air at
1100 K. Assume oxidized metal tube ¢ =675
emissivity = 0.75. Calculate the heat
transfer to the metal tube.
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A small surface of area 4, = 107> m? is known to emit diffusely, and from measurements
the total intensity associated with emission in the normal direction is Z, = 7000 W/m’ - sr.

43

. 1
|2\ j0sm )A\

4

~0.5m '

Sy ton
Nl ‘

4, A Slid an Y, = befuieen Normst)

Radiation emitted from the surface is intercepted by three other surfaces of area 2, Rodicibion Lne

4, =4, =4, =107 m’, which are 0.5 m from 4, and are oriented as shown. What is the

intensity associated with emission in each of the three directions? What are the solid angles

subtended by the three surfaces when viewed from 4,7 What 1s the rate at which radiation

emitted by 4, 1s intercepted by the three surfaces?
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