PROBLEM 1:

In a shell-and-tube feedwater heater, cold water at 15°C flowing at a rate of 180
kg/h is preheated to 90°C by flue gases entering at 150°C and flowing at a rate of
900 kg/h. The water flows inside copper tubes (d; =25mm,d, =
32 mm)having a thermal conductivity of k,, = 381 W/mK.

The heat transfer coefficients on the gas and water sides are 120 W/m?-K and 1200
W/m?-K, respectively. The fouling factor on the water side is 0.002 m?-K/W.

Determine:
1. The flue gas outlet temperature,

2. The overall heat transfer coefficient based on the outside tube diameter, and

3. The true mean temperature difference for heat transfer.
Assume the specific heats (cp) are:

« For flue gases: ¢p g = 1.05 J/gK = 1050 J/kgK

« For water: ¢py, = 4.19 J/gK = 4190 J/kgK

The total outside surface area of the tubes is 5 m2
~There are no fins inside or outside the tubes, and there is no fouling on the gas
side.
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PROBLEM 2:

An air blast cooler with a surface area for a heat transfer of 600 m? and an overall
heat transfer coefficient of U = 60 W/m?K is fed with the following streams: air:
me = 15 kg/s, ¢pe = 1050 J/(kg-K), Ten = 25°C; oil: my = 5 kg/s, con = 2000
J/(kg-K), Thin=90°C. Calculate the stream exit temperatures, the F-factor, and the
effectiveness for a two-shell-pass and four-tube pass exchanger.
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PROBLEM 3:

A shell-and-tube heat exchanger is designed to heat water from 40°C to 60°C with
a mass flow rate of 20,000 kg/hr. Water at 180°C flows through tubes with a mass
flow rate of 10,000 kg/hr. The tubes have an inner diameter of d; = 20 mm, the
Reynolds number is Re = 10,000. The overall heat transfer coefficient-based

outside heat transfer surface area is estimated to be U = 450 W/m?K.,

a-) Calculate the heat transfer rate Q of the heat exchanger and the exit
temperature of the hot fluid.

b-) If the heat exchanger is counterflow with one tube and one shell pass;
determine (by the use of LMTD method):

b-1. the outer heat transfer area ;
b-2. the velocity of the fluid through the tubes

(p = 906. 23 ; 4= 1.6804x10"*Pa - s);

b-3. the cross-sectlonal area of the tubes;
b-4. the number of the tubes and the length of the heat exchanger.

Assume the specific heats (cp) are:
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PROBLEM 4

A fluid flows steadily with a velocity of 6 m/s through a commercial iron
rectangular duct whose sides are 1 in. by 2 in. and the length of the duct is 6 m.
The average temperature of the fluid is 60°C. The fluid completely fills the duct.
Calculate the surface heat transfer coefficient if the fluid is

a. Water; (p=983.1 kg/m?, c,=4184 J/(kg.K), p=4.66x10* kg/m-s, Pr=3, k=0.651
W/m.K).

b. Air at atmospheric pressure; (p=1.0595 kg/m’, ¢;=1009 J/(kg.K), p=2x10"
kg/m-s, Pr=0.709, k=0.0285 W/m.K).

c. Engine oil (p=864 kg/m?®, ¢,=2047 J/(kg.K), v=0.0839x10" m%s, Pr=1050,
k=0.140 W/m.K).
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PROBLEM §:

An oil with k=0.120 W/m.K, ¢;=2000 J/kg.K, p=895 kg/m*, p=0.0041 kg/m.s
flows through a 2-cm diameter tube which is 2-m long. The oil is cooled from
60°C to 30°C. The mean flow velocity is 0.4 m/s, and the tube wall temperature is
maintained at 24°C (u,=0.021 kg/m.s). Calculate the heat transfer rate.
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