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Abstract. The main heat exchanger of an air separation plant is a multi-stream heat exchanger. The use of such 
heat exchanger type generally leads to substantial savings in energy and implementation costs. This work presents 
the main problems concerning multi-stream heat exchanger design. The analysis of such heat exchanger is 
performed using a thermodynamic concept used in heat integration, named pinch analysis.   
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1. INTRODUCTION 

Multi-stream plate fin heat exchangers (MSHE) 
have replaced two-stream heat exchangers in diverse 
applications due to their compactness, capacity of 
handling multiple fluid streams in a single unit, and 
possibilities of having intermediate entry and exit of 
the streams. The multi-stream heat exchanger is a 
single unit in which multiple hot and cold streams (up 
to 10 streams) change heat simultaneously. They are 
common in cryogenic applications, where heat 
transfer equipment need to be kept compact and well 
insulated while recovering heat from streams at very 
small temperature driving forces. Because liquids 
products are extracted from cryogenic air separation 
unit, the efficiency of the main heat exchanger is 
generally up to 80 %.  

Using exergy analysis, it is shown that the 
exergy efficiency of a state-of-the-art two-column 
ASU with a pumped liquid cycle is approximately 
35%. Most of the exergy destruction is located in 
the compressor after-coolers, the distillation section, 
and the main heat exchanger. Generally, the exergy 
destruction in the main heat exchanger represents 
about 18 % of total exergy destruction. 

2. HEAT INTEGRATED ANALYSIS 
METHOD 

The general method to analyse a multi stream 
heat exchanger is pinch analysis, a thermodynamic 
concept used in in heat integration. An important 
problem is the use of pinch concept or heat inte-
gration for design or optimization of multi stream 
heat exchanger is how to handle the nonlinear 

variation in heat capacity flow rates when a stream 
changes phase when exchanging heat [4]. 

Before the introduction of the pinch concept, 
multi-stream heat exchangers were analyzed 
graphically by plotting composite curves on the 
temperature-enthalpy (T-Q) diagram. The hot and 
cold composite curves are the cumulative heat 
content of all the hot and cold streams respectively. 
When both curves are superimposed, the overlap 
between them indicates the amount of heat that can 
be recovered within the process. When the concept 
of pinch analysis was developed later on, it put 
forth a simple yet elegant methodology for syste-
matically analyzing the scope of heat integration in 
chemical processes and the surrounding utility 
systems with the help of first and second law of 
thermodynamics. 

A Composite Curve is a graphical combination of 
all hot or cold process streams in a heat exchange 
process. While dividing all streams over any given 
temperature range into two groups named heat 
rejection and heat sink respectively, a single com-
posite of all hot streams and a single composite of 
all cold streams can be produced in the tempera-
ture-heat load diagram. In Figure 1,a three hot 
streams with constant heat capacity are plotted 
separately, where their supply and target tempe-
ratures define a series of temperatures T1 to T5.  

Between T1 and T2 only stream B exists and so 
the heat available in this interval is given by B·(T1-
T2). However between T2 and T3 all three streams 
exist and so the heat available in this interval is 
(A + B + C)·(T2 – T3). 

A series of values of heat can be obtained in 
this way and the results can be plotted against the 
heat load as shown in Figure 1,b.  
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Fig. 1. Composite curve construction for hot streams. 
 

 
 
 
 
 

 
 
 
 
 
 
 
 

Fig. 2. Representation of Multi-stream Exchanger  
on Composite Curves. 

 
 
 
 
 
 
 
 
 
 
 
 
 

The resulting temperature heat load plot is a 
single curve representing all the hot streams, known 
as the hot composite curve. A similar procedure 
gives a cold composite curve of all the cold streams 
in a question. For a set of streams with the same 
heat transfer coefficients, one can arrange the flow 
pattern to follow the path of the composite curves 
in order to achieve vertical heat transfer. As 
indicated in the Figure 2, the inlet and outlet 
locations of the streams can be strategically located 
along the exchanger so as to correspond to the kink 
locations on the composite curves. 

Using this idea along with the assumption that 
all the streams have similar temperatures along the

exchanger as those on the composite curves, one 
can reasonably predict the area of the multi-stream 
exchanger through an area targeting scheme. 

3. MATHEMATICAL MODEL FOR A 
MULTI-STREAM HEAT  EXCHANGER 

For process modeling, the two stream heat ex-
changer with hot stream i and cold stream j can be 
represented by a relatively straightforward model 
of the form, 
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An overall energy balance can also be written 
for the MHEX as 

 )()( in
j

out
j

Cj
j

out
i

in
i

Hi
i ttfTTF  



  (4) 

From the perspective of process modeling, 
MSHEs can be treated in the same way as heat 
exchanger networks through the use of high level 
targeting models. Consequently, the approach of 
using the pinch concept in the simultaneous 
optimization and heat integration of chemical flow 
sheets can also be applied for simultaneous opti-
mization of flow sheets containing MSHEs. 

 However, an MSHE just exchanges heat between 
the involved streams and does not consume any hot 
or cold utilities. Thus, the model for MSHE is equi-
valent to the following problem statement, which is 
almost the inverse of minimum utility cost problem: 

Given a MSHE that does not consume any 
heating and cooling utilities, determine feasible 
temperatures and heat capacity-flow rates for the 
involved streams. 

Based on the above problem statement, we can 
modify the Duran and Grossmann (1986) model 
and apply it for MSHEs [1]. The Duran and 
Grossmann (1986) model uses the heat integration 
constraints to calculate the utility targets, which are 
embedded with appropriate cost coefficients in the 
objective function of the overall nonlinear opti-
mization problem for the flow sheet. Our proposed 
modification involves setting the hot and cold 
utility loads in their heat integration constraints to 
a constant value of zero. This forces the heat integra-
tion constraints to treat MSHE as an adiabatic 
device, i.e. net heat lost by all the hot streams will 
be matched to the net heat gained by all cold 
streams. Also, the pinch concept that is inherent in 
the heat integration constraints enforces maximum 
heat recovery while ensuring that the minimum 
driving force criterion is not violated. Since the 
MSHE does not require hot and cold utilities, it 
does not contribute any utility cost to the objective 
function of the parent flow sheet. 

Thus, the final model for MSHE is the modified 
set of heat integration constraints that only need to 
be embedded as additional constraints in the non-
linear programming model of the overall flow sheet 
[2]. The problem of simultaneous optimization and 
heat integration of flow sheets containing MSHEs 
takes the form, 
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where H and C are index sets for the hot and cold 
streams that are involved with the MSHE, while 
vector x given by 
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represents the corresponding temperature and flow 
rate of these streams. 

The set CHP   is the index set of pinch 
point candidates whose temperatures are defined by  
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The vector w  represents all the other process 
parameters and variables that are not associated 
with heat integration while  xw, ,  xwh ,  and 

 xwg ,  represent the objective function, mass and 
energy balances, design equations and other speci-
fications of the process. Note that the model 
includes the max function which is non-dif-

ferentiable at pTT  . 
This deficiency can be circumvented by either 

using a smoothing approximation, or using logic 
disjunctions. It has shown that the use of logic 
disjunctions requires 23n  binary variables where n 
is the number of streams involved in heat inte-
gration [3]. 

4. CONCLUSION 

Investigation of Heat transfer and flow pheno-
menon in an MSHE is one of the most complex 
problems in heat engineering because different 
streams enter and exit in different temperatures. If 
the whole heat exchanger is considered as a series 
of block units which are defined by the enthalpy 
intervals given by the process composite curves, an 
MSHE can be used to transfer heat between 
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different cold and hot streams flowing in each 
enthalpy interval (section). An enthalpy interval 
is created by drawing vertical lines coming out 
from two adjacent kink points (points at which the 
slopes of composite curves through the stream 
entrance and exit change) whether on hot 
composite curves or cold composite curves and 
characterized by a temperature field (inlet and 
outlet temperatures), a heat load and a stream 
population. Therefore, a multi-stream plate-fin heat 
exchanger is composed of several block sections 
with intermediate entry and exit stream points 
along the unit length, specified by the composite 
curves. Once every block has been sized inde-
pendently from others, they are put together to 
become the multi-stream heat exchanger in view of 
manufactures constraints. 
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