
4.4 Shells

British standard (BS 3274) covers exchangers from 150 mm to 1067 mm diameter.
The shell diameter must be selected to give as close fit to the tube bundle.

The clearance required between the outer most tubes in the bundle and the
shell inside diameter will depend on the type of exchanger and the manufacturing
tolerance. Typical values for the clearance are given in Figure 4.4.

Figure 4.4: Shell-bundle clearance
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4.5 Tube count

The bundle diameter will depend on the number of tubes and the number of passes
since there is space must be left in the pattern of tubes to accommodate the pass
partition plates.

To estimate the bundle diameter according to the Equation 4.3

Db = do(
Nt

K1

)1/n1 (4.3)

where Nt is number of tubes, Db is the bundle diameter (mm), and do is the tube
outside diameter (mm).

where Nt can be estimated as follows:

Nt = K1(
Db

do
)n1 (4.4)

Keep in mind:

- If (U-tubes) are used, the number of tubes will less than that estimated by
Equation 4.3.

- Use of too small radius will cause too great thinning of the tube wall at the
bend. In this case, the minimum radius of the bend is normally taken as 2.5 times
the outside diameter.

- The number of tubes in the U-Tube exchangers can be reduced by one centre
raw of tubes according to following Equation 4.5.

Tubes in centre raw =
Db

Pt

(4.5)

where Pt is the tube pitch.

Note: K1 and n1 can be estimated according to the Table 4.1 for tri-
angular and square patterns

4.6 Shell types (passes)

The letters (E,F,G,H, and J) are letters used to in the TEMA standards to differenti-
ate the various types of shells. The shell E is the most commonly used arrangements,
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Table 4.1: Constants for use in tube counts

Triangular pitch, pt=1.25do

No. Passes 1 2 4 6 8
K1 0.319 0.249 0.175 0.0743 0.0365
n1 2.142 2.207 2.285 2.499 2.675

Square pitch, pt=1.25do

No. of passes 1 2 4 6 8
K1 0.215 0.156 0.158 0.0402 0.0331
n1 2.207 2.291 2.263 2.617 2.643

Figure 4.5: Shell type passes arrangements. (a) One-pass shell (E shell), (b) Split
flow (G shell), (c)Divided flow (J shell), (d) Two-pass shell with longitudinal baffle(F
Shell), (e) Double split flow (H shell)

4.7 Baffles

The purpose of baffles is to direct the fluid stream across the tubes to increase the
velocity and the transfer rate.Different types of baffles are used (Figure 4.6). The
most common one used is Figure 4.6a. The baffle cut is taken between (15-45)%,
and the optimum baffle cut is between (20-25)%.
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Figure 4.6: Types of baffles used in shell and tube heat exchangers. a. segmental, b.
segmental and strip, c. disc and doughnuts, d. orifice

4.8 Mean temperature difference(Temperature driv-

ing force )

For counter-current flow (Figure 4.7), the logarithmic mean temperature difference
is given by Equation B.1:
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ΔTm =
(T1 − t2)− (T2 − t1)

ln(
(T1 − t2)

(T2 − t1)

(4.6)

where:

ΔTm= Log mean temperature difference

T1= inlet shell-side fluid temperature

T2= outlet shell-side fluid temperature

t1= inlet tube-side temperature

t2= outlet tube-side temperature

This equation is the same for co-current flow according to the following condition: 1-
The terminal temperature difference is (T1 − t1) and (T2 − t2) 2- There is no change
in the specific heats. 3- The overall heat transfer coefficient is constant. 4- There
are no heat losses.

In most shell heat exchanger, the flow will be a mixture of co-current, counter
current, and cross flow. Figure 4.7 and Figure 4.8 show typical temperature profile
exchanger with one shell and 2 tube passes. Figure 4.9 shows the cross flow of
exchangers.

The temperature difference is required to be corrected in order to get the ”True
temperature difference by correction factor to transfer the value from true counter-
current flow:

ΔTm = FtΔTIm (4.7)

where:

ΔTm= true temperature difference which is used in Equation 4.1

Ft = the temperature correction factor which is estimated according to procedure
below.
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