EXERCISES 2 —26/12/2025

PROBLEM 1I:

A double pipe heat

exchanger is used to ~ Steam
=40 C

condense steam at 1S

JMO.DL0.0BOS

: C ' Di=0.06
40°C saturation :‘,"f;;';/s 8i1LD.=0.0254 Fodom
temperature. Water at T,=20°C M
average bulk

temperature of 20°C flows at 2 m/s through the inner pipe (copper, 2.54
cm I.D., 3.05 cm O.D.). Steam at its saturation temperature flows in the
annulus formed between the outer surface of the inner pipe and the outer
pipe of 6-cm LD. The average heat transfer coefficient of the
condensing steam is 6000 W/m?K, and the thermal resistance of a
surface scale on the outer surface of the copper pipe is 0.000176
rBiIQ_W.

a. Determine the overall heat transfer coefficient between the steam and -
_the water based on thejouter areay of the copper pipe. (Thermal
Conductivity of copper at 40°C: K =383 W/mK)

b. Evaluate the temperature at the inner surface of the pipe.

Properties of water at 20°C:
p=998 kg/m’ k=0.599 W/m-K
n=1.007x10" kg/m-s Pr=7.05
v=1.009%10"° m?/s

(® Properties of steam 40°C:
hg, =257345-167.5=2406 kI /kg
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PROBLEM 2:

City water will be cooled in a heat exchanger by sea water entering at
15°C. The outlet temperature of the sea water is 20°C. City water will
be re-circulated to reduce water consumption. The suction line of the
pump has an L.D. of 154 mm, is 22 m long, and has two 90° bends and
a hinged check valve. The pipe from the pump to the heat exchanger
has an I.D. of 127 mm, is 140 m long, and has six 90° bends. The 90°
bends are all made of steel with a radius equal to the I.D. of the pipe,
R/d=1.0. The heat exchanger has 62 tubes in parallel, each tube 6 m
long. The L.D. of the tubes is 18 mm. All pipes are made of mild steel
(¢=0.0445 mm). The sea water flow rate is 120 m*/h. Assume that there
is one velocity head loss at the inlet and 0.5 velocity head loss at the
outlet of the heat exchanger. The elevation difference is 10.5 m.
Calculate: T

a. the total pressure drop in the system (kPa and m liquid head = Hp);
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A

A shell-and-tube type condenser with one shell pass and four tube
passes is used to condense organic vapor. The condensation occurs on
the shell side, while the coolant water flows inside the tubes that are
1.9-cm O.D. and 1.6-cm LD. copper tubes. The length of the heat

exchanger is 3 m long. The total number of tubes is 840. The initial data
of the condenser are recorded as:

Water rate, 70 kg/s
Water inlet temperature, 20°C

PROBLEM 3: ( z

Water outlet temperature, 45°C
Condensation temperature, 105°C

After 4 months of operation, under the same conditions, the exit
temperature of water drop to 40°C. By assuming shell-side fouling is
negligible, there is no fouling at the time of the first operation, and the
inside and outside heat transfer coefficients are unchanged, estimate the
tube-side fouling factor after the operation of 4 months.

Cpe =4178 J/kg.K
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