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Instructions:
1. Attempt all questions.
2. Make suitable assumptions wherever necessary.
3. Figures to the right indicate full marks.

Q.1 (a) Justify: “No heat should pass across the pinch for the minimum utility 05
consumption design”
(b) Discuss the effect of minimum temperature driving force, ATy, for design of heat 05
exchanger network.
(¢) With suitable example of GCC curve for refrigeration cycle justify: “Adding 04
cycles can save work required for refrigeration.”

Q.2 (a) What is stream splitting? Explain how stream splitting can help in getting better 04
design alternatives.
(b) For the Heat Exchanger Network Synthesis (HENS) problem following stream 10
information is available:

Stream T Tout FC, h
°C °C kW/°C W/m®°C
Cl 60 180 300 600
C2 30 105 260 600
H1 180 40 200 700
H2 150 40 400 800
Steam 230 230 5000
CW 25 32 600

Draw Hohmann / Lockhart Composite Curves and find out pinch point for AT, ;,, =
20 °C.
OR
(b) Estimate the total Heat Exchanger area for the Heat Exchanger Network Synthesis 10
(HENS) problem using the stream information in question 2(b) and show how that
information can be used to select right AT, .

Q.3 Based on the information for the streams and utilities given below, estimate the fewest 14
number of heat exchangers needed if heat is not allowed to flow through pinch. Use AT,

=10 °K.
Stream T °K Tou °K FC, kW/°K
Liquid, H1 450 325 5
Liquid, H2 400 375 10
375 374 1000
374 330 18
Liquid, C1 310 350 8
Vapour, C2 370 460 15
Utilities:
High Pressure Steam 500 500
Low Pressure Steam 350 350
Cooling Water 305 <325

= What will be the effect if heat is allowed to flow through pinch?
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Q.3 Determine the minimum utility consumption for the hot and cold streams given below 14
using LP transshipment formulation.
Stream FCp (kW/°C) Ty (°C) Tou (°C)
H1 1.60 100 430
H2 3.27 180 350
H3 2.60 200 400
Cl 2.80 440 150
C2 2.38 520 300
C3 3.36 390 150
Heating Utility : 230 °C, Cooling Utility : 23 °C, AT, = 10 °C
Write a model for minimum utility cost if H1 and C2 are not allowed to exchange heat
for the above Heat Exchanger Network Synthesis (HENS) problem.
Explain optimum temperature driving force, AT, for design of heat exchanger 04
network.
(b) Formulate MILP problem for the minimum number of exchanger units for the hot 10
and cold streams given below.
Stream Fep (MW/K) T;, (°C) Tou (°C)
H1 1.3 400 110
H2 22 340 120
C1 1.6 160 400
C2 1.8 110 260
Heating Utility : 500 °C
Cooling Utility : 300 °C
AT =10 °C
OR
(a) Write steps for pinch design approach to inventing a heat exchanger network. 04
(b) Find out threshold temperature for the following streams: 10
FCp (MW/K) Tin (OC) Tout (OC)
H1 2.376 590 400
H2 1.577 471 200
H3 1.320 533 150
C1 1.600 200 400
C2 1.600 100 430
C3 4.128 300 400
C4 2.624 150 280
(a) Explain Vapour Recompression and Multi-effect Distillation for increasing 07
thermodynamic efficiency of distillation.
(b) Explain: How inter-cooling, inter-heating and preheating of feed increases 07

Q.5

possibility of energy integration in distillation?

OR

(a) Explain TQ diagram for side strippers and compare it with TQ diagram of 07
conventional equivalent sequential distillation columns.

(b) Explain the composite curve method for mass integration with example
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