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(1) The air inside a chamber at 1.,;= 60°C is heated convectively with a;= 20 W/m? « K by a 200-mm-thick wall
having a thermal conductivity & of 4 Wim = K and a uniform heat generation g of 1000 W/m®>. To prevent any
heat generated within the wall from being lost to the outside of the chamber at T, =25°C with h, =5 W/m? « K,
a very thin electrical strip heater is placed on the outer wall to provide a uniform heat flux, g;.
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(a) What are the temperatures at the wall boundaries, 7(0) (10%) and T(L) (5%), for the conditions where no
heat generated within the wall is lost to the outside of the chamber?

(b) Determine the value of g/ that must be supplied by the strip heater so that all heat generated within the wall
is transferred to the inside of the chamber. (10%)

(c) If the heat generation in the wall were switched off while the heat flux to the strip heater remained constant,

what would be the steady-state temperatuie, T(0), of the outer wall surface? (10%)

(2) Helium gas at 25°C and 4 bars is stored in a spherical Pyrex container of 400-miu inside diameter and 50-mm
thickness. What is the rate of mass loss (kg/s) from the container? (15%)
] 1y’

(Dgp= —x107" —; 8= 107 kmol/m’-bar)
7 )

(3) A tray tower is absorbing ethyl alcohol from an nert gas stream using pure waler at 303 K and 101.3 kPa. The
inlet gas stream flow rate is 100 kg mol/h and it contains 2.5 mol % alcohol. It is desired to recover 96% of the
alcohol. The equilibrium relationskup is y = 0.7x for this dilute stream. Using 1.5 times the minimum liquid flow
rate, determine the number of trays needed (5%) and mole fractions of alcohol inlet and outlet liquid/gas streams.
(20%)

(4) In the equipment shown in the following figure, a pump draws a solution of specific gravity 1.64 from a storage
tank through a 3-in. Schedule 40 (4 = 0.0513 fi%) steel pipe. The efficiency of the pump is 75%. The velocity in
the suction line is 3 fi/s. The pump discharges through a 2-in. Schedule 40 (4 = 0.0233 %) pipe to an overhead
tank. The end of the discharge pipe is 50 ft above the level of the solution in the feed tank. Friction losses in the
entire piping system are 10 ft-1by/lb,. What pressure must the pump develop (Ib/ft*)? (15%) What is the power
delivered to the fluid by the pump (hp)? (10%) (Please use American engineering system of units)
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