
Heat Exchanger 2



Temperature profiles with length



Special Operating Conditions

Condenser: 

Hot fluid is 
condensing vapor 
(eg. steam)

Evaporator/boiler: 

Cold fluid is 
evaporating liquid



The LMTD Correction Factor

• Corrections are only for Multi-tube passes and multi-shell passes.

• Why corrections. Look to the following two figures.

Temperature variation with distance for both fluids in shell-and tube heat 
exchanger. Two possible flow arrangements are illustrated. 

Parallel  flow-Counter flow in 1-2 exchangers.ppt


For this reason, the mean temperature difference is not equal 
to the logarithmic mean. 

Therefore, it is convenient to retain the LMTD by introducing 
a correction factor, F, which is appropriately termed the LMTD 
correction factor:

The correction factor can be computed analytically for any 
number of shell-side passes and any even number of tube-
side passes as follows

let

LMTD as if the flow 

were counter current



• For R  1, compute • For R = 1, compute



Graphs are convenient for making 
quick estimates to F 

1-2 exchangers



Note:
F must be not less than 0.8 2-4 exchangers





Approaching counter flow operation by 
increasing the number of shells

Increasing FT



Example 1

A fluid is to be heated from 100°F to 160°F by heat
exchange with a hot fluid that will be cooled from
230°F to 150°F The heat-transfer rate will be 540,000
Btu/h and the hot fluid will flow in the tubes. Will a
1-2 exchanger (i.e., an exchanger with one shell pass
and a multiple of two tube passes) be suitable for
this service? Find the mean temperature difference
in the exchanger.



Solution 

• F  0.72. Since F is less than 0.8, a 1-2 exchanger should 
not be used. Two shell passes, it is found from F Figure 
that F  0.94.

• Hence, an exchanger with two shell passes and a 
multiple of four tube passes (2-4 exchanger ) will be 
suitable.



Mean temperature difference calculations 



Double pipe thermal analysis

Thermal analysis of a double-pipe exchanger is 
illustrated in the following example:

10,000 lb/h of benzene is to be heated from 60°F to
120°F by heat exchange with an aniline stream that
will be cooled from 150°F to 100°F A number of 16 ft
hairpins consisting of 2 in. by 1.25 in. schedule 40
stainless steel pipe (type 316, k = 9.4 Btu/h. ft. °F are
available and will be used for this service. how many
hairpins will be required?



Basic Assumptions

• Assume heat from hot stream = cold stream.

• Assume benzene flows in the inner pipe.

• Properties at average properties or according to the 
correlation conditions.

Sketch T-x diagram
150°F

100°F

60°F

120°F



Find properties for both 
streams

find the heat load of the 
exchanger & unknown flow rate 

Calculate the LMTD

Calculate hi assuming i = 1.0. firstly find 
Di from tables, then Re, then Nu.

Check entrance effect L/Di >60. In this example the length is not given, 
therefore assume one hair pin. Hence take L = 32 ft (one hairpin). If the ratio 
is greater than 60, you don’t need to use entrance effects correction. 



Calculate wall pipe temperature Tw 

See next slide.

Obtain fouling Factors

Correct the values of hi and ho

Find i , o .

Calculate ho assuming o = 1.0. Firstly find D1, D2

from tables. Then obtain De and Af. Then find Re, Nu. 

Check entrance effect L/De > 60. Note in the annulus the flow is disrupted 
at the return bends, so it is appropriate to use the length of pipe in one leg 
of a hairpin to estimate entrance effects.

Compute the O.H.T.C

Calculate the required surface area. Then find L by using the table 
show in the next slides. Finally find the no. of hairpins.



How to calculate Tw







Criteria for Fluid Placement, in 
Order of Priority



• Properties

• Energy balance



• LMTD

• hi calculation 

Check entrance effect



• For the inner pipe, the effect of the return bends 
on the heat transfer is minor, so it is reasonable to 
use the entire length of the flow path in the 
correction term. 

• Although this length is unknown in the present 
instance, the exchanger will have at least one 
hairpin containing 32 ft of pipe.

 Entrance effects are negligible



• ho Calculation



In the annulus the flow is disrupted at the return 
bends, so it is appropriate to use the length of pipe in 
one leg of a hairpin to estimate entrance effects. 
Thus,

 Entrance effects are negligible



• Calculate the pipe-wall temperature.

•

At Tw = 108 °F



• finally

• Obtain fouling factors

• Calculate the O.H.T.C



• Calculate the required surface area

• Find the total length

• Find the number of hairpins assuming 32 ft hairpin


