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(20%) Consider a double-pipe heat exchanger where the overall heat-transfer coefficient
U is constant throughout the equipment and.the heat capacity of each fluid is constant, the
proper temperature driving force to use<over the entire apparatus is the log mean
temperature, i.e.,
ATo= AT =AT,
In(AT, /AT,)

When crude oil flows at the rate of 2000 Ib/hr through the inside pipe of the double-pipe
heat exchanger andhis_heated.from 90 to 200°F. The heat is supplied by kerosene, initially
at 450°F, flowing through the annular space. If the temperature of approach (minimum
temperature difference between fluids) is 20°F, determine the heat-transfer area and the
required kerosene flow rate for (a) concurrent flow (i.e., same direction when crude oil
and kerosene‘through the heat exchanger) and (b) countercurrent flow.
Data: Overall coefficient U = 80 Btu/(hr)(ft?)(°F)

Specific heat of crude oil = 0.56 Btu/(hr)(°F)

Specific heat of kerosene = 0.60 Btu/(hr)(°F)
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3. (15%) In a process producting KNOj3 salt, 1000 kg/h of a feed solution containing 20 wt%
KNOjs is fed to an evaporator, which evaporates some water at 422 K to produce a 50
wt% KNOj solution. This is then fed to a crystallizer at 311 K, where crystals containing
96 wt% KNO; are removed. The saturated solution containing 37.5 wt% KNOj is
recycled to the evaporator. Calculate the amount of recycle stream R in kg/h and product
stream of crystals P in kg/h.

4. (15%) For continuous atmospheric gravity separator (see Figure), it has the depth ha; and
density o o for heavy L vent light liquid B
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5. (20%) Velocity profile (vi) for a Newtonian fluid flowing in/laminar flow in the x
direction between two parallel plates at point far from the’inlet or‘outlet of the channel as
following.

O 20
vV, =V a- yED

X X max E yo E

Derive the average velocity (v av)
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with vy max @s well as the locations
which vy equals vyy.

Note: 2y, is the width between.the
plates, y is the distance from the

top plate

bottom plate

center line.



