


Preliminary Design of Shell-and-Tube 
Exchangers

The following procedure is commonly used to obtain the
heat-transfer area for the purpose of making a
preliminary cost estimate of the exchanger.

Tabulations of overall heat-transfer coefficients such as
the one presented in next slides are used for this purpose.

One simply estimates a value for the overall coefficient
based on the tabulated values and then computes the
required heat-transfer area from heat transfer equation.

A somewhat better procedure is to estimate the
individual film coefficients, hi and ho, and use them to
compute the overall coefficient by the Equation as given
before.



Typical Values of Overall Heat-Transfer Coefficients in 
Tubular Heat Exchangers. U = Btu /h . ft2 .°F
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Example 1

In a petroleum refinery, it is required to cool 30,000 lb/h
of kerosene from 400 °F to 250 °F by heat exchange with
75,000 lb/h of gas oil, which is at 110 °F A shell-and-tube
exchanger will be used, and the following data are
available:

For the purpose of making a preliminary cost estimate,
determine the required heat-transfer area of the
exchanger.



Solution

Assume pure counter current
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From suitable chart obtain F for 1-2 exchanger F = 0.93

(d) Estimate UD from previous table. a kerosene-oil exchanger 
should have an overall coefficient in the range 20-35 Btu/h. ft2 .°F
Therefore, take UD = 25 Btu/h . ft2 .°F
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e) Calculate the required area.
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Rating a Shell-and-Tube Exchanger

The thermal analysis of a shell-and-tube heat 
exchanger is similar to the analysis of a double-pipe 
exchanger.

Since the flow patterns in a shell-and-tube exchanger 
differ from those in a double-pipe exchanger, the 
procedures for calculating the film coefficients also 
differ.

In computing the tube-side coefficient, hi, it is assumed 
that all tubes in the exchanger are exposed to the same 
thermal and hydraulic conditions. The value of hi is then 
the same for all tubes, and the calculation can be made 
for a single tube.



• In computing the Reynolds number, however, the mass 
flow rate per tube must be used, where

where

• Then, the calculation of hi is similar to a double-pipe 
exchanger. 

Note: In computing the tube-side coefficient, hi, it is 
assumed that all tubes in the exchanger are exposed to 
the same thermal and hydraulic conditions. The value of 
hi is then the same for all tubes, and the calculation can 
be made for a single tube.



Methods of Shell-side coefficient, ho
calculations

I. Heat Transfer Research, Inc. (HTRI) method. The method 
utilizes an iterative procedure to compute the various 
leakage streams in the shell, and therefore must be 
implemented on a computer.

II. Delaware method. The method is simple, accurate but it 
lengthy. We are going to use a simplified version of the 
Delaware. The method is very straightforward and allows 
us to present the overall rating procedure without 
considering the details.



Delaware Method

• The method utilizes the graph of modified Colburn 
factor, JH , versus shell-side Reynolds number 
shown in Figure in the next slide.

• The graph is valid for segmental baffles with a 20% 
cut. It is also based on TEMA standards for tube-to-
baffle and baffle-to-shell clearances.



Correlation for shell-side heat-transfer coefficient. For rotated square tube layouts, use
the parameter values for square pitch and replace PT with PT/2 in the equation for as

Figure 1



• Read jH from the graph and then compute ho from

• Appropriate fit for the curve is

• Flow area across the shell

where ds : shell inside diameter, in ; C : clearance, in
B : baffle spacing, in; PT: Pitch, in 
as :  shell flow area, ft

as = ds C B/144 PT



Shell Mass flux 
G = m /as  lb/ft2.h

.

Reynolds number for shell side fluid 
Re = G De /



Thermal rating procedure for a shell-and-tube 
heat exchanger



(4) Obtain required fouling factors, RDi and Rdo then calculate        
RD

The thermal rating procedure for a shell-and-tube heat 
exchanger is illustrated in the following example.



 OD





Example 2

30,000 lb/h of kerosene are to be cooled from 400°F 
to 250°F by heat exchange with 75,000 lb/h of gas oil 
which is at ll0 °F Available for this duty is a shell-and-
tube exchanger having 156 tubes in a 21 1/4-in. ID 
shell. The tubes are 1-in. OD, 14 BWG, 16 ft long on a

square pitch. There is one pass on the shell side 
and six passes on the tube side. The baffles are 20% 
cut segmental type and are spaced at 5-in. intervals. 
Both the shell and tubes are carbon steel having k-
26 Btu/h . ft2 .°F. Fluid properties are given in the 
previous example.  Will the exchanger be thermally 
suitable for this service?



Solution

• Neither fluid is corrosive, but the oil stream may 
cause fouling problems so it should be placed in the 
tubes for ease of cleaning. Also, the kerosene 
should be placed in the shell due to its large T.

• Step 1: Calculate Ureq.

From previous Example, we have:



• The surface area is obtained from the dimensions of 
the exchanger:

• Thus

• Step 2: Calculate the clean overall coefficient, Uc.

(a) Calculate the tube-side Reynolds number.



Note: In this calculation, the viscosity correction factor was assumed to be 
unity since no data were given for the temperature dependence of the oil 
viscosity.

(c) Calculate the shell-side Reynolds number.

From Figure 1 {see slide 14}, de = 0.99 in. and C' = 0.250 in.



(d) Calculate ho.

From Figure 1, jH = 40.



(e) Calculate Uc.

Step 3: Obtain the required fouling factors. Taking 0.0025 for

kerosene and 0.0035 for gas oil (check the given table), hence



Final decision
Since this value, UD,  is greater than the required 
value of 25.3 Btu/h. ft2. °F the exchanger is thermally 
suitable. A smaller exchanger would be adequate. 

Note: Viscosity corrections can be done similar to the procedures that be 
given in the double pipe calculations.


