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ABSTRACT

Divided into two major sections, the paper covers a heat transfer analysis of the effect of varying the number
of segmental and longitudinal baffles on the total effectiveness of shell and tube heat exchangers in case of a
single tube pass as well as double tube passes with different arrangements of inlet and outlet flow ports and
under varying the heat capacity rate ratio and the grid effectiveness. The study starts from the separate
consideration of reversing the direction of flow on the shell side due to the existence of segmental and
longitudinal baffles as well as reversing the direction of the tube side-flow in case of heat exchangers with multi-
tube passes. Therefore, a shell and tube heat exchanger can be subdivided at the location of baffles into a set
of grids or cells and each of which may be treated as an inferior heat exchanger with crossflow. The results
indicate that, in case of a single tube pass, the total effectiveness increases with increasing the number of
segmental baffles for counterflow while it increases to approach a limiting value (50%) with three segmental
baffles or more for parallel flow. In case of two tube passes, the flow arrangement IV has the optimal
effectiveness, whereas the flow type III has the worst one for all number of segmental baffles. It fluctuates
between both values, in case of flow arrangements I and II, depending on whether the number of segmental
baffles is odd or even. For flow type IV, the effectiveness of a heat exchanger with three segmental baffles is
about 10.2% higher than that without baffles. Furthermore, for flow type I and IV, the higher the number of
longitudinal baffles the higher the effectiveness of shell and tube heat exchangers. In case of flow types II and
III, the effectiveness increases up to three longitudinal baffles then remains unchanged for a single tube pass
while for double tube passes, the mounting of longitudinal baffles makes the effectiveness worse and
independent of the number of baffles.

INTRODUCTION

A shell and tube heat exchanger, as shown in Figure (1),
is built of round tubes mounted in a cylindrical shell with
the tube axis parallel to that of the shell. One fluid flows
inside the tubes, the other flows across and along the
tubes. The major components of this exchanger are tubes
(or tube bundle), shell front end head, rear end head,
baffles and tubesheets.

Baffles may be classified as segmental (or transverse)
and longitudinal types. The purpose of longitudinal baffles
is to control the flow direction of the shell fluid such that
an overall arrangement of the two fluid streams is
achieved.

The classification and application of shell and tube heat
exchangers are available in references [1,2). The newer
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designs and functional design taking into consideration
process variables, utilities and mechanical design are given
in [3].
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Figure 1. A shell and the tube heat exchanger.
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Mikhailov and Ouzsik [4] developed a finite element
method of analysis for heat exchanger calculations. This
method is used for computing the temperature distribution
and the effectiveness of shell and tube heat exchangers.

Hoffmann [5S] and Fanaritis et al [6] presented a design
analysis and studied the interdependent parameters
involved for developing an optimum unit. By means of
computer programs [7], many more parameters that affect
flow conditions and heat transfer in a heat exchanger can
now be taken into account than was previously possible
using manual techniques. In addition, many more
configurations may be tried to find a design that satisfies
all imposed constraints in the cheapest possible way.

Since in literatures, the baffles in shell and tube heat
exchangers are mainly handled as tube supports and there
are still no informations about their influence on the
performance, the purpose of the present paper is to study
the effect of varying the number of segmental and
longitudinal baffles on the effectiveness of shell and tube
heat exchangers in case of single tube pass and double
tube passes for the different possible flow arrangements
and under varying both the heat capacity rate ratio and
the grid effectiveness.

GRID (CELL) EFFECTIVENESS CONCEPT

A shell and tube heat exchanger can be divided into a
set of inferior heat exchangers (cells or grids). This
concept starts from the separate consideration of reversing
the direction of flow on the shell side due to the existence
of segmental and longitudinal baffles as well as reversing
the direction of the tube side - flow in case of heat
exchangers with multi-tube passes. Each grid or cell may
be treated as a sub-heat exchanger with crossflow.

Figure (2-a) represents a shell and tube heat exchanger
with six segmental baffles and a single tube pass, while
Figure (2-b) shows the equivalent grid arrangement. The
corresponding representation for a heat exchanger with
one longitudinal baffle is indicated in Figure (3).

The effectiveness of a single grid in a shell and tube heat
exchanger, which is necessary for the effectiveness
prediction of the whole apparatus, is depending on the
flow direction in the grids (either pure crossflow or one
side mixed crossflow) and the number of transfer units in
the grids as well as the heat capacity rate ratio.

In case of one side mixed crossflow, which is actually
taking place in the cells of a shell and tube heat
exchanger, the following relation may be applied for
predicting the grid effectiveness as given in [8,9].
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Figure 2-a. A shell and tube heat exchanger with six
segmental baffles.

Figure 2-b. Equivalent grid arrangement.

Figure 3. A tube bundle heat exchanger with one
longitudinal baffle and the equivalent grid arrangement.

1-exp{-C.[1 —exp(—NTU!)]}
€= =

(1)

VARIATION OF THE NUMBER OF
SEGMENTAL BAFFLES

For a shell and tube heat exchanger without longitudinal
baffles (m,=0), the number of segmental baffles (m,) can
be varied along the shell side. Now, the prediction of the
heat exchanger effectiveness will be carried out under
varying the number of segmental baffles for a single tube
pass as well as double tube passes in both cases of
cocurrent and counter-current flow regimes.
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SINGLE TUBE PASS

One Segmental Baffle
Cocurrent Flow Regime

In this case, the segmental baffle will divide the heat
exchanger into two inferior heat exchangers (grids) each
with crossflow regime but the two grids are connected
together under cocurrent flow condition as indicated in

Figure (4).

/n\ shell side flow
—\ ‘¢ inside 9
bl

tube

flow
Figure 4. Equivalent grid arrangement of a shell and tube
heat exchanger of a single tube pass and one segmental
baffle under cocurrent flow regime.

The total effectiveness €, of the whole heat exchanger
can be calculated making use of the grid effectiveness
concept &g with the help of eqn.(5) in part I of this work
[10]. Therefore, we obtain

e =2¢;- (1 +O). egz. 2)
Counter-Current Flow Regime

The total effectiveness of the counterflow heat exchanger
considered, see Figure (5), can be obtained from eqn.(22)
in part I of this study [10] using the grid effectiveness
concept as follows:

2
_26,-(1+C)eg (1-e‘)2.

2 2
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/‘\ shell side flow
1ol 459
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tube
Figure 5. Case of counter-current flow regime.
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In a similar way, the total effectiveness of shell and tube
heat exchangers under variation of the number of
segmental baffles can be calculated by subdividing the heat
exchanger into cells (inferior heat exchangers), as
illustrated above, and then combining each pair of grids
together in cocurrent or counter-current flow regimes
using eqn.(2) or eqn.(3) respectively to determine an
equivalent effectiveness for each pair. This combination
method is repeated until reaching the total effectiveness of
the whole heat exchanger. The calculation procedure is
explained by the following figures and equations for
different number of segmental baffles:

Two Segmental Baffles
Cocurrent Flow Regime

Jah
*;@*%

Figure 6. Equivalent grid arrangement of a shell and tubc
heat exchanger of a single tube pass and two segmental
baffles under cocurrent flow regime.

€23 = 2e5 - (1+C).¢z82 (4)
€ = €13 =2 + £23-(1+C). e, £33, (5)

Counter-Current Flow Regime

|

[k
N A

Figure 7. Case of counter-current flow regime.
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Three Segmental Baffles
Cocurrent Flow Regime
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Figure 8. Equivalent grid arrangement of a shell and tube
heat exchanger of a single tube pass and three segmental

baffles under cocurrent flow regime.
g12 = €34 = 285 - (1+C). g (8)

€ = €14 = €12 + €34 - (1+C). €1 €34 9

Counter-Current Flow Regime
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Figure 9. Case of counter-current flow regicm.
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Four Segmental Baffles

Cocurrent Flow Regime
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Figure 10. Equivalent grid arrangement of a shell and

tube heat exchanger of a single tube pass and four
segmental baffles under cocurrent flow regime.
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€23 = 45 = 265 - (1+0). g’ 12)
825 = €23 + €45 - (1+C). 823 €45 (13
g, = e15 = &g + €25 - (1+C). 2, e2. (14)
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Figure 11. Case of counter-current flow regiem.
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Figure 12. Equivalent grid arrangement of a shell an

tube heat exchanger of a single tube pass and fiv
segmental baffles under cocurrent flow regime.
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DOUBLE TUBE PASSES

One Segmental Baffle
Flow Arrangement 1

(1-¢ )
£, o= 1-—1 (32)
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ok l—C.el_zeg

g, = €14 = €13 + g5-(1+C). e13 ¢ (34)
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Figure 15. Equivalent grid arrangement of a shell and
tube heat exchanger of double tube passes and one
segmental baffle, in case of flow arrangement 1.
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Figure 16. Case of flow arrangement I1.
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Figure 17. Case of flow arrangement III.
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Flow Arrangement IV

-(1+0). egz

€12

€13 = €12 + €5- (1+C). 12 ¢

€ 3 +ej-(l +C).e, _,¢
1-C.e, _,¢

€,5€ 4=
g

A 266 Alexandria Engineering Journal, Vol. 30, No. 4, October 1991

(38

€)

(€]

«



F

| BASSIOUNY: Performance Prediction of Heat Exchangers, Part III
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Figure 18. Case of flow arrangement IV.
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Figure 19. Equivalent grid arrangemer.ll of double tube € = €16 = & + €24- 1+0C). € €26 (58)
passes and two segmental baffles, in case of flow
arrangement I. Flow Arrangement IV
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passes and three segmental baffles, in case of flow €46 " 1-C.e e ¢
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Figure 21. Equivalent grid arrangement of a shell and
tube heat exchanger of double tube passes and four
segmental baffles, in case of flow arrangement I.
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VARIATION OF THE NUMBER OF LONGITUDINAL
BAFFLES

In this case, the heat exchanger can be divided into a set
of sub-heat exchangers at the location of the longitudinal
baffles. The number of these exchangers will be equal to
(m, + 1). For overall flow types I and IV, the sub-heat
exchangers will be arranged in counter-current flow regime
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while for overall flow type II and III they are connected
in cocurrent flow regime. The individual effectiveness of
each sub-heat exchanger is depending on the number of
segmental baffles and the number of tube passes as well
as its individual flow type. .

For the sake of shortness, only two overall flow
arrangements I and III with three longitudinal baffles will
be discussed in this section but the results will be
extended to ccver all flow types under varying the number
of longitudinal baffles in the heat exchangers, the number
of segmental baffles and the number of inside tube -
passes in each cub-heat exchanger.

OVERALL FL W TYPE 1

L. g +ey,—(1+C).e ey 11
i | 1-Cle e,

.4 g, ,15,-(1+C).e, ,¢, an
L IEe ¢

: g 3tey-(14C).e, .2,y

1-C.e, ¢y

Figure 22. Overall flow type I.
OVERALL FLOW TYPE III

€12 = ey + ey - (1+C). ey g




BASSIOUNY: Performance Prediction of Heat Exchangers, Part III
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2 €

1 €

I

Figure 23. Overall flow type III.

RESULTS AND DISCUSSION

Effect of Varying the Number of Segmental Baffles

The behaviour of the grid (cell) effectiveness under
varying the number of transfer units in the grid and the
heat capacity rate ratio is illustrated by Figure (24) using
eqn(1). This effectiveness is the basic parameter for
predicting the overall effectiveness of a shell and tube heat
exchanger with segmental and longitudinal baffles.

The dependence of the total effectiveness €, of shell and
tube heat exchangers without longitudinal baffles (m, =
0) upon the number of segmental baffles m; on the shell
side for the different possible flow arrangements I, II, III
and IV with C=1 and e,=0.4 is shown in Figure (25) in
case of a single tube pass and in Figure (26) in case of
double tube passes. It is clear that, in case of a single tube
pass, the total effectiveness increases always with
increasing the number of segmental baffles for flow types
I'and I which represent counter-current flow regimes
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while it increases to approach a limiting value (50%) when
m,23 for flow types III and IV (cases of cocurrent flow
regime).

In case of double tube passes, the flow arrangement IV
has the optimal effectiveness while the flow type III has
the worst one for both odd and even number of segmental
baffles. It fluctuates between both effectivenesses in case
of flow arrangements I and II depending on whether the
number of segmental baffles is even or odd. For flow type
IV, the effectiveness increases from 57.14% in case of a
heat exchanger without segmental baffles to 62.96% in
case of a heat exchanger with 3 segmental baffles or more
which means an increase of about 102% in the
effectiveness.

1.0
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Figure 24. Variation of the grid effectiveness with
the number of transfer units in the grid and the
heat capacity rate ratio.
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Figure 25. Dependence of the total effectiveness on
the number of segmental baffles for different flow
arrangements (single pass).
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Figure 26. Dependence of the total effectiveness on the
number of segmental baffles for different flow
arrangements (double pass).
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The total effectiveness of heat exchangers withail
longitudinal baffles is represented for both cases of
single pass and double passes as a function of the numbe
of segmental baffles m; and the heat capacity rate ratio(
with €;=0.2 in Figure (27) for flow type I and in Figue
(30) for flow type IV. The same representation is dom
also for flow arrangement I in Figures (28 and 29) as w
as for flow arrangement IV in Figures (31 and 32) w
€,=0.4 and 0.6 respectively. It can be easily seen that
effectiveness increases with the number of segmen
baffles for a single tube pass to approach unity in cast(
flow type I (counterflow) and limiting values less tha
unity in case of flow type IV (parallel flow) dependinga
C (2/3 for C=0.5 and 0.5 for C=1). The effectiveness o
both flow arrangements I and IV are equal when C:
(case of evaporation or condensation). It is of interest
notice that when the grid (cell) effectiveness is higher tha
the limiting value the heat exchanger effectivens
decreases with mg and fluctuates about the limiting valit
to approach it again (see Figure (32), for p=1 and C=l),
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0 sgs0.2.m|:0
VRIS CEENS S 7 8 9 ¥
e

of the number of segmental baffles and the heat capad

Figure 27. The heat exchanger effectiveness as a functi
rate ratio for flow arrangement I, with eg = 02 a‘q
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59 ; g=06 m= 0 capacity rate ratio and the grid effectiveness. For flow
' 0 1 2 3 & 8 ¢ 5 arrangement IV, the heat exchanger effectiveness increases

me with the number of segmental baffles to approach a

ure 29. The heat exchanger effectiveness as a function
he number of segmental baffles and the heat capacity
- ratio for flow arrangement I, with e, = 0.6.
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limiting value depending on C and e;. When the starting
value of effectiveness (ie. the effectiveness of a heat
exchanger without segmental baffles) is higher than the
limiting value, the effectiveness decreases to reach the
limiting value and then remains unchanged (sec Figure
(32), for p=2 and C=1).
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Figure 31. The heat exchanger effectiveness as a function
of the number of segmental baffles and the heat capacity

rate ratio for flow arrangement IV, with e, = 04.
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Figure 32. The heat exchanger effectiveness as a function
of the number of segmental baffles and the heat capacity

rate ratio for flow arrangement IV, with e; = 0.6.
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EFFECT OF VARYING THE NUMBER OF

LONGITUDINAL BAFFLES

The variation of the heat exchanger effectiveness
the number of longitudinal baffles is indicated for
different flow arrangements considered in Figure (3))
a single tube pass and in Figure (34) for double
with fixed values of C, mg and eg. It is clear that
arrangements I and IV (counterflow) has
effectivenesses than flow arrangements II and III (
flow). The effectiveness increases with m, for flow
I and IV. They have the same effectiveness except for
single tube pass heat exchanger with even number
longitudinal baffles.

1.0 :
single pass
0 9 C = l g B
¢ Mg= 2
0.8 Egl 0.2
€
t
0.7 3
)
0.6
0.5
/
04)
0.3

D R 7 & 9 |

Figure 33. Variation of the heat exchanger effectivenc
with the number of longitudinal baffles for the differe
flow arrangements, in case of a single tube pass he
exchanger.
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Figure 34. Variation of the heat exchanger effectiveness
with the number of longitudinal baffles for the different
flow arrangements, in case of a double tube pass heat
exchanger.

In case of flow arrangements II and III the effectiveness
increases with m, up to m, =3 then remains unchanged
for a single tube pass while for double tube passes the
mounting of longitudinal baffles makes the effectiveness
worse and it will be independent of the number of baffles.

Figures (35 and 36) illustrate the effect of changing the
number of segmental baffles and the heat capacity rate
ratio as well as the grid effectiveness on the total
effectiveness of a shell and tube heat exchanger of one
longitudinal baffle and having a single tube pass or double
tube passes in case of flow types I and IV.

COMBINED EFFECT OF VARYING THE NUMBER
OF SEGMENTAL AND LONGITUDINAL BAFFLES

To show the combined effect of varying the number of
longitudinal and segmental baffles as well as the heat
capacity rate ratio in both cases of a single tube pass and
double tube passes on the total effectiveness of tube
bundles for a selected flow arrangement I (the optimum
case) and a grid effectiveness €, = 0.2, Figures (37)-(39)
are plotted.
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It should be noted that the total effectiveness increases
with increasing the number of segmental and longitudinal
baffles and with decreasing the heat capacity rate ratio.
The rate of increase is higher for small number of baffles
and vice versa. Moreover, the effectiveness of a double
pass heat exchanger is higher than that of a single pass
heat exchanger for a small number of segmental baffles up
to about 6 baffles then we have the other way round.

1.0 R
0.9 i =
/ Q-" o A
0.8] /N .
W e
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osll/ A/[l ~
yi/4.4
os¥V /[
/4
/4
flow arangements|
0.3 1N
? pass
02 mltl » Egl 02
0 2 4 3 8 0
mg

Figure 35. Variation of €, with m; and C for m, = 1 and
eg = 0.2, in case of flow arrangements I and IV.
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Figure 36. Variation of &, with m; and C for m, =
1 and &g = 0.4, in case of flow arrangements I and
IV.
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Figure 37. Dependence of the effectiveness on both the

number of segmental and longitudinal baffles for flow

arrangement I, in case of a single tube pass heat
exchanger.
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Figure 38. Dependence of the effectiveness on both the
number of segmental and longitudinal baffles for flow
arrangement I, in case of a double tube pass heat

exchanger.
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Figure 39. &; as a function of m, and C with m, = 2AMH
€g = .2, in case of flow arrangement 1.

CONCLUSIONS '

This paper deals with a study of the heat transl
behaviour in shell and tube heat exchangers under varyig
the number of segmental and longitudinal baffles on th
shell side as well as the number of tube passes. Th
analysis is also carried out for all possible arrangements g
the inlet flow ports with different values of the hes
capacity rate ratio and the grid effectiveness. Thereby, th
heat exchanger is divided at the location of baffles into
set of grids or cells each of which is handled as an inferi
heat exchanger with crossflow. The number of these gri
depends on both the number of baffles and the number
tube passes. The prediction of the overall effectiveness
the whole shell and tube heat exchanger becomes th
possible through combining the sub-heat exchange
together in cocurrent or counter-current flow regimes.

It is shown that the overall effectiveness increases wi
increasing the number of segmental baffles for counterflk
while it increases to approach a limiting value (50%)
heat exchangers of three or more segmental balffles f
parallel flow. In case of double tube passes, the fl
arrangement [V has the optimal effectiveness while t
flow type III has the worst one for both odd and ev
number of segmental baffles. It fluctuates between b
values in case of flow arrangements I and II depending
whether the number of baffles is odd or even. T
difference between these two values becomes higher a
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higher with increasing both the heat capacity rate ratio
and the grid effectiveness.

Furthermore, for flow types I and IV, the higher the
number of longitudinal baffles the higher the effectiveness
of shell and tube heat exchangers. In case of flow types II
and I11, the effectiveness increases up to three longitudinal
baffles then remains unchanged for a single tube pass
while for double tube passes the mounting of longitudinal
baffles makes the effectiveness worse and independent of
the number of baffles.

The effectiveness of a double pass heat exchanger is

higher than that of a single pass heat exchanger for a
small number of segmental baffles up to 6 baffles then we
have the other way round.
Finally, it can be stated that the number of baffles
together with the location of inlet flow ports are the most
relevant factors that have the greatest effect on the
effectiveness of a shell and tube heat exchanger.
Therefore, careful consideration should be given to the
selection of the number of baffles and the type of flow
arrangement.

NOMENCLATURE

C  heat capacity rate ratio

m, number of longitudinal baffles
m; number of segmental baffles
NTU number of transfer units

p  number of passes

Greek symbols:

¢ effectiveness

Subscripts:

g grid (cell)

I flow arrangement I
I flow arrangement II
Il flow arrangement III
IV flow arrangement IV
t total
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