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DEPARTMENT OF CHEMICAL ENGINEERING AND MATERIALS SCIENCT
[ Chemical Process Integration
Exam on Heat and Mass Integration
March 6, 2019 (5:30-6:45 pm) L
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Problem 1 (35 points) /
In class, we studied a HEN design showed in Fig. (a), where stream temperatures and heat capacity— "

flowrates are listed, and AT, is given (10°C). The flowsheet contains two heaters (HT, and HT»).
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(a)Figure (b) below shows a slightly different design, i.e., heater HT2 is m0v§d o the right side of -

exchanger E2 on stream C3. Please judge if this design change causes any design feasibility problem, / %
1.e., the feasibility of relevant exchanger(s). You need to show all necessary calculations. (18 points) ¢
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(b) Figure (c) below shows another slightly different design, i.c., heater HT1 has been moved to the left
side of exchanger E1 on stream C2. Please judge if this design change causes any design feasibility
problem, i.e., the feasibility of relevant exchanger(s) (17 points)

[Bonus] If the new location of HT1 does not cause any design feasibility problem, then calculate the
capital cost ratio of exchanger E1 in Fig. (a) to exchanger E1 in Fig. (c). Please use the 0.6 power rule
in calculation. However, if the new location of exchanger HT1 causes some design feasibility
problem, then discuss if there is any advantage of keeping exchanger HT]1 is the original place shown

in Fig. (8) (5 points)
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problem 2 (35 points). ( g 3 )

For the following design, the equilibrium relations between the rich streams and the lean streams are
C, =08C,, +0.002, C;, =05C,, , and C, =0.2C,, . The minimum allowable composition

difference between a rich stream and a lean stream, AC,, , is fixed at 0.01 in any mass transfer unit
(MTU). The pinch point is located at the composition of 0.05 for rich streams R; and R, and 0.05,

0.09, and 0.24 for lean streams L;, L;, and L3, respectively. The mass loads of a few mass exchanger

(kg/s) are given in the figure as well. It is known that the composition of the key component at point A in
the figure is 0.12, and the composition at point C in the figure is at the pinch pont. Now you are asked
to:

(a) Calculate the mass load of exchanger No. 2, (10 points) l ‘71
(b) Evaluate the feasibility of the placement of exchanger No. 2, (10 points) ( ¥
(¢) Calculate the composition at point B, (15 points) l )
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Legend: ( ) Composition; | ] Mass flowrate; l:_—_—] Mass load of exchanger
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