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W.R. Wilcox, Clarkson University, June 22, 2007 
 

An example of sizing of a heat exchanger in which a stream 
undergoes both a phase change and temperature change in the 

vapor and/or liquid 
 

In order to estimate the cost of a heat exchanger, it is necessary to know the type of heat 
exchanger, the pressures involved, the material of construction, and, normally, the heat 
exchange area.1  Estimation of the heat exchange area A is simple when either a phase 
change or a temperature change occurs in both streams.2  Then A = Q/UF∆Tavg, where Q is 
the heat transferred, U is the overall heat transfer coefficient (which can be estimated via 
heuristics3), F is the correction factor for deviation from countercurrent or cocurrent flow, 
∆Tavg ≈ ∆Tlm is the average temperature difference between the two streams throughout the 
exchanger, and ∆Tlm is the log-mean temperature difference between the two streams at the 
ends of the exchanger. 
 
The situation is much more complex when one or both streams undergo both a phase 
change (evaporation or condensation) and a temperature change in vapor and/or liquid.  
There are two problems: 
1. ∆Tavg is no longer approximated satisfactorily by ∆Tlm.  There can even be a 

temperature cross within the exchanger for some end temperatures, which is clearly 
impossible.  While a simulator such as HYSYS can correctly calculate ∆Tavg ,4 it 
generally cannot handle the second problem. 

2. As shown in heuristics3, U changes dramatically when boiling or condensation is taking 
place, and is quite different for gases and liquids 

In order to simulate such a heat exchanger, one must separate it into two or more fictitious 
exchangers in which both phases in each experiences only a phase change or temperature 
change, and not both. 
 
To exemplify the procedure for such a simulation, we consider heat exchanger E-100 in the 
maleic anhydride fluidized bed simulation.5  Figure 1 shows the temperature variation 
inside the exchanger, which can be divided into three parts where the following are taking 
place: 
1. The temperature of liquid butane is increasing, while the high-pressure steam finishes 

condensing.  At the end of this section the butane is saturated, at a temperature such 
that its vapor pressure equals the pressure. 

2. Liquid butane is boiling, while the high-pressure steam is condensing.  At the end of this 
section, all of the butane has evaporated to saturated vapor. 

3. The temperature of the butane vapor is increasing, while the high-pressure steam is 
condensing. 

Tables 1 and 2 show the behavior of P, H, vapour fraction and UA (actually Q/∆Tavg) 
throughout the heat exchanger.  We will use these to specify conditions for the 3 fictitious 

                                                 
1 http://people.clarkson.edu/~wilcox/Design/refcosts.htm  
2 http://people.clarkson.edu/~wilcox/Design/hxequns.doc  
3 http://people.clarkson.edu/~wilcox/Design/HeatExch.htm  
4 http://people.clarkson.edu/~wilcox/Design/hxsizing.htm  
5 http://people.clarkson.edu/~wilcox/Design/FB-react.doc  

http://people.clarkson.edu/~wilcox/Design/refcosts.htm
http://people.clarkson.edu/~wilcox/Design/hxequns.doc
http://people.clarkson.edu/~wilcox/Design/HeatExch.htm
http://people.clarkson.edu/~wilcox/Design/hxsizing.htm
http://people.clarkson.edu/~wilcox/Design/FB-react.doc
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heat exchangers used to find the correct A, corresponding to the three regions in the 
actually exchanger. 
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Figure 1.  Temperature versus heat flow in the n-butane heat exchanger, E-100.

Table 1.  Variation of properties in the n-butane stream (shell side) in E-100. 

1

2 

3 



 3

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Use the procedure below, which will result in something like Figure 2.  Basically, to get 
ready convergence you will add in the butane streams from left to right, and then the high-
pressure steam streams from right to left.  You must take particular care with 
specifications, to avoid conflicts or overspecification. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. From the simulation of the maleic anhydride plant, read the mass flow rate of the high 

pressure steam passing through E-100.  (2967 kg/h). 
2. Enter the three fictitious heat exchangers.  Right click on each and change the icon, if 

desired. 
3. Connect stream 4 as the tube inlet of E-100a, and stream 5a as its outlet.  DO NOT 

CONNECT THE STEAM LINES YET.  On the Design Parameters page, select 

Actual E-100 heat exchanger 

Figure 2.  Simulation of E-100 using three fictitious heat exchangers,  
with liquid butane being heated in the first, boiling in the second,  

and the vapor being heated in the third. 

Table 2.  Properties of the high-temperature steam in E-100. 
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Exchanger Design (Weighted).  On the Worksheet page, set the pressure of stream 5a to 
that at the boundary between region 1 and 2 in Table 2.  Set its vapour fraction to 0 
(saturated liquid). 

4. Connect stream 5a to the tube-side inlet of E-100b, and stream 5b as its outlet.  DO 
NOT CONNECT THE STEAM LINES YET.  On the Design Parameters page, select 
Exchanger Design (Weighted).  On the Worksheet page, set the pressure of stream 5b to 
that at the boundary between region 2 and 3 in Table 2, and its vapour fraction to 1 
(saturated vapor). 

5. Connect stream 5b to the tube-side inlet of E-100c, and stream 5 as its outlet.  On the 
Design Parameters page, select Exchanger Design (Weighted).  On the Worksheet page, 
set the outlet pressure and temperature of stream 5 to those in the bottom row of Table 
2. 

6. All of the butane streams should now have converged.  If not, figure out why and fix it.  
If so, you are ready to add the steam lines, from right to left. 

7. Connect hps to the shell-side inlet of E-100c and hps-c to its outlet.  Change the basis 
for the shell side to basis-2 (for water and the ASME or NBS steam fluid package).  On 
Worksheet Composition, specify the hps as mole fraction 1 of water.  On Worksheet 
Conditions set the P of hps to that shown in the bottom row of Table 3, its vapour 
fraction to 1, and its mass flow rate to 2967 kg/h.  E-100c should now converge. 

8. Connect hps-c to the shell-side inlet of E-100b and hps-b to its outlet.  Change the basis 
for the shell side to basis-2.  On the Worksheet set the pressure for hps-b to that 
between regions 2 and 3 of Table 3.  E-100b should now converge. 

9. Connect hps-b to the shell-side inlet of E-100a and bfw to its outlet.  Change the basis 
for the shell side to basis-2.  On the Worksheet set the pressure for bfw to that in the top 
row of Table 3.  If you did everything right, everything should converge and the vapour 
fraction should be 0 for the bfw. 

10. Compare the UA for each fictitious heat exchanger with that for that part of the real 
exchanger, obtainable via the cumulative UA values in the last column of Table 1 or 2. 

11. Calculate the areas of the three fictitious heat exchanger using the methods of 
http://people.clarkson.edu/~wilcox/Design/hxsizing.htm.  Add these together to get the 
total area of E-100. 

 
The HYSYS workbook for this simulation is shown below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 3.  Resulting HYSYS workbook.  Data in blue are specified, those in black calculated by HYSYS.

http://people.clarkson.edu/~wilcox/Design/hxsizing.htm

