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Technology
How to figure true temperature
difference in shell ..and-tube exc;hangers
The charts shown here greatly simplify al'l often onerous chore
BY DALE L. GULLEY
Engineering Consultant, Tulsa, Okla.

WANT TO CALCULATE the
true temperature difference in shell
and-tube exchangers? Here is a sim
plified method fDr doing it for any
of the common flDW patterns.
And here are new, previDusly un
published cDrrectiDn - factor charts
fDr divided-flow and split-flow pat
terns.
'
These charts enable the designer
to liberalize his, ratings. PreviDusly,
normal single-sheIl-pass charts, were
used, and the cDrrection factor, F,
was kept above about 0.9. With the
new charts" designs will sDmetimes
call for fewer' shells, and therefDre
will be mOore eCDnomical.
The basic equatiDn for designing
heat exchangers, is:
A = Q/U AT
Where:
A = external surface Df tubes,
sq ft
Q = heat lDad, Btu/hour
U = Dverall heat-transfer coeffi
Cient' Btu/hDur-sq ft- of.
AT =, mean temperature d iff e r
enee, OF.

The problem is to find the true
AT.
The simplest temperature differ
ence DCCurs when an exchanger has
constant temperature Dn both sides:
for instance, when steam cDndenses
Dn one side and a pure organk boils
on the oth.er. With steam at 366 0
F. and the Dther fluid bDiling at
266 0 P., the temperature difference
would be
366 - 266

= 100

0

F.

This wDuld be the temperature
difference used in EquatiDn 1. This
holds true no. matter what the two.
fluid flow:patterns are.
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Pattern for countercurrent flow
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1. Countercurrent flow
Fig. 1 is a simplified diagram Oof
an exchanger in CDuntercurrent flDW.
When there is sensible-heat trans
fer invDlved, this type Df flow gives
the mDst efficient temperature driv
ing force and, the biggest tempera
ture crDSS, because the Dutlet tem
perature of the hot stream can be
cODler than the outlet temperature
of the cold stream. For example:
Hot
200
100

1

Cold
150
80

i

(T2

LTD

-

t 1)

-

(T 1 - t 2 )

=--------

(2a)

T2 - t1

GTD -LTD
AT=-----
'GTD
Where:

Again referring tOo Fig. 1, the ter
minal temperature differences are
T 1 - t2 and T2 - t 1 . Assuming that
T 2 - t1 is the greater temperature
difference:
AT

The AT for this flow pattern is
defined by Equation 2:

In-

GtD = greatest terminal temper
ature difference
LTD = least terminal tern per a
ture difference
AT = lOog mean temperature dif
ference (LMTD)

(2)

In(--

T1 -t2

2. Cocurrent flow
Fig. 2 is a simplified diagram of
an exchanger in cocurrent flow.
Equation 2 is still useful, but the
terminal temperature differences will

Pattern for cocurrent flow

--t 2

Fig. 2
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be different. For example, one dif
ference will be T 1 - t 1 , and the
other will be T 2 - t2'
This type 'Of flDW pattern is sel
dDm used. It is not very effiCfent
and therefore -will not cDol a given
fluid as. much as the CDuntercurrent
flDW will. The hot 'Outlet tempera
ture can 'Only approach the cold
'Outlet; it cannot crDSS it.
But use can be made of this in
ability tD cross temperatures. For
example, in wax and. asphaltic cDol
ers, coeUITent flow is' used tD make
sure that the sDlidificatiDn point will
nDt be reached. If CDuntercurrent
flow were used, there would be dan
ger 'Of cooling below design when
the exchanger is clean.

Pattern for one-shell pass; two-tube pass
t2
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T2

t1

and errDr, but a much faster chart
method is cDmmDnly used. This
chart method is based on applying
aCDrrectiDn factDr tD the log-me an
temperature difference. Then, the
true temperature difference for this
flDW pattern will be:
LlTc = LMTD (F)

(3)

Where LMTD is defined by
EquatiDn 2
F = cDrrectiDn factDr
If there is. CDnstant temperature
'On either side; F will be 1.0.
Fig. 4 is the LMTD cDrrection
fact Dr fDr a 'One-shell pass, two-or
more tube-pass exchanger. Several
publicatiDnsI 2 3 give cDrr~ctiDn-fac
tDr curves fDr one tD six shells in
series. and even number of tube
passes.
TD use the correctiDn curves it is

+

Fig. 3

necessary tD calculate two dimen
siDnless parameters. The parameter
'On the curves is called R and is
equal to:
T 1 -T2
WC
R

=

Dr - -

we

t2 -t1

(4)

Where:
wc = heat capacity of tube fluid,
Btu/OF.
we = heat capacity 'Of shell fluid,
Btu/OF.
The variable 'On the abscissa is
called X and is defined by:

x

t2 - t1

= -----"-'-''---'--

(5)

T 2 - t1
As shown in Fig. 4, at high values
of R it is difficult tD read F accu
rately. TD 'Overcome this prDblem,
the parameters 'Of R and X can be
redefined:
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T1 = Inlet temperature shell side

MTD correction factors

T2::: Outlet temperature shell side

1 shell pass
2 or more tube passes

t1 = Inlet temperature tube side

'"" Fig. 4

t2::: Outlet temperature tube side
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1.0
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ro-:,)

smallest temperature range
~~

R=

X

When R = 1, Equations 6 and 7 break down, and Equations 6a and
7 a should be used:

greatest temperature range
greatest temperature range

=

X n - 2n
(Sa)

X

=

(6a)

Tl~h

X n - 2n

It follows that R will always be
1 or less, and that the curves will
always have a relatively flat slope.
For example, when the shell fluid
cools from 190 0 to 90 0 and the
tube-side fluid heats from 80 0 to
90 0 • Using Equations 4 and 5:

=

R

190 - 90

= 10

90 - 80
90 - 80

X ==
190 - 80

= 0.091

A slight misreading of X can
make an appreciable difference in
F. But by using Equations 4a and
Sa we find:
R

X

=

=

90 - 80

y'2 (----'----
F n - 2n

(2/Xn-2n~

= number

Where n

= 0.91

Hot'

1

=

410
400

404
204

10

200

1- ( I-X

1 - 0.05
X 3-6

)

I-X

y'R2+1
R-1

0.05 - (

= 0.70
)1 / 3

1 - 0.971
Then, from Equation 7,
y'(0.05)2
F 3 -6

+1

0.05 - 1

=

1 - 0.70

In ( - - - - - 
1 - 0.05 x 0.70

(2/0.70) - 1 - 0.05

In [
To calculate the corrected MTD
by computer, block diagraming in
corporating Equations 6 and 7 can
be found. 5

1 - X n - 2n

1 - R Xn-

2n

(7)
2n ) -

1- R

+ y'IP + 1

(2/X n- 2n ) - 1 - R - y'R2
110

)1/ 3

1- 0.05 x 0.971

In ( - - - - F n- 2n =

1

0.971

+ y'(0.05)2 +

(2/0.70) - 1 - 0.05 - y'(0.05)2

R-(

~[

X

1 - 0.971

=

+

Whenever there is a temperature
cross in one exchanger, the thermal
design should be checked very care
fully. (This occurs at a correction
factor of approximately 0.8, or
when the correction factor is less
than 0.8 with shell passes in series.)
This should be done for two rea
sons:
1. It may be more economical to
use more shells in series, especially
if the units are made of an expen
sive alloy.
2. 'The exchanger may not work
as well as it was designed for. At
close temperature. approaches the
MTD correction factors tend to
break down at low values of F.
Very seldom are three tube passes
(or a larger odd number) used.

1- (

l/n

(6)

(2/Xn -

i
I

= 200/206 = 0.971

1-RX
2n

Cold

Using Equation 6 and three shells
in series as an example,

Now, the correct value of 0.826
is easily read from Fig. 4.
'
Equations 4a and Sa should only
be used with the normal one-shell
pass and even number of tube passes.
They are inadequate for divided
flow or split flow. In this latter type
of flow pattern the relationship R =
we/We is violated.
Sometimes R will be outside the
normal range of chart values, and
more than six shell passes in series
will be needed. In these cases use
the follOwing equations, based on
work by Bowman: 4

Xn-

of shell passes.

Use Equation 6 to calculate X
for the desired number of shells in
series. Then use this value in Equa
tion 7 to obtain F.
Suppose it is desired to find the
MTD correction factor for the fol
lowing temperature conditions:

X

190 - 80

(7a)

+ y'R2 + 1

(2/Xn - 2n) ....,. 1 - R - y'R2

R = 10/200 = 0.05

190 - 90

- 1- R

In [ - - - - - - - - - - 

= 0.1

190 - 90

1 - X n - 2n

=

]

+ 1.

= 0.988
1

+1

"Manufacturing difficulties m a k e
every type but a fixed-tube-sheet
unit undesirable.
Fischer6 derived a trial-and-error
solution for a one-sheIl-pass". three
tUbe-pass unit. One tube pass is in
cocurrent flow and the other two
are in countercurrent flow. Since
more than one-half of the tube
passes are in countercurrent flow,
the correction factor is higher than
in an even-tube-pass unit. A correc
tion-factor chart for one shell is
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Two-shell pass with long baffle
te2

t
1-,----~

t

Fig; :5

t1
given. For more than one shell the
results are tabulated.

5. Divided-flow, one-tube

4. Longitudinal baffle

The divided - flow, single - tube
pass correction factor is seldom used
by itself, but is useful to'develop
correction factors for divided flow
multitube pass and split flow.
In the past there has been some
confusion about what is divided
floW and what is split flow. This
was resolved in the 1959 issue of
TEMA.3 TEMA refers to divided
flow as being shell type J. Divided
flow is illustrated in Fig. 6.
Frequently the question arises,
which of the nozzle arrangements
shown in Fig. 6 should be used? The
answer lies mainly in what type of
impingement protection is used. The
two common types are:
1. Removing tubes under the noz
zle.

Sometimes when a two-shell cor
rection (or greater) is required, it
is possible to use a longitudinal baf
fle. This flow arrangement is illus
trated in Fig. 5.
For four or more tube passes, a
2-4 correction factor is used. This
assumes two things:
1. There is a perfect seal be
tween the shell and the long baffle.
2. There is no conduction through
the long baffle.
The effect 9f the second assump
tion can be ignored with small-shell
fluid-cooling ranges. If the cooling
range is large and there is a large
temperature driving force across the
baffle, then baffle conduction will
have to be cgnsidered. Whister 7 pre
sents an equation for F, for two
shell-two tube passes incorporating
baffle conduction.
If the two assumptions are valid,
and there is a long baffle and two
tube passes, no MTD correction fac
tor is necessary because the shell
side and the tube side will be in
counterflow.

pass

1

¢(2R+l)/2 -

X=

+ 1) ¢(2R+l)/2

(2 R

(¢(2R-l)/2 -

X

¢-l)

(2 R - 1)

(8)

4>(2R-l)/2

-

1) (2 R

+ 1)

(2R + 1) (2R 4>(2R-l)/2 - 1)

---.. t 2

tl~

(b)

I I 'I' I I
,

,

i:

To calculate F, a value of ¢ is
assumed. Then X is calculated from
Equation 9. For a given value of
R, Equation 10 is used to find F:

F

= In

(1 - X)/(1 - RX)
(10)
(R - 1) In 4>

RX -1
)n - 1

~t2

Xn
Fig.6
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(9)

If it is desired to develop 'charts
for niore than one shell pass, a form
of Equation 6 can be used. Let n
be the number of shell passes in
series. Then:

(0)

,

1)

+-------------------

(2 R - 1) + (¢(2R-l)/2

~--------~-~----~

i

(¢(2R-l)/2 -

= ------------~----

Divided flow

!

(1 -X)

Solving for X:

--------------------------------------------

t 1- :

2. A vapor belt or other type of
enlarger.
If the first type is used, then Fig.
6a is better. Since there are two
smaller nozzles entering rather than
one big one, fewer tubes will be re
moved for impingement protection.
Thus, in this arrangement there are
more tubes in a given size shell.
If the flow is reversed (flowing
up) as in a thermosiphon reboiler,
where it is desired to remove tubes
for vapor escape area, the same
holds true.
If a vapor belt is used, then the
nozzle arrangement in Fig. 6b is
better. The number of tubes will.
remain the same in a given shell, '
no matter what the inlet nozzle size
is. The two outlet nozzles will be
smaller than the two inlet nozzles
shown in Fig. 6a, when condensing
downward, and they can be placed
closer to the tube sheets. This leaves
less space between the nozzle and
the tube sheet and a more effective
flow pattern is obt~ned.
A procedure has been developed
for constructing a divided-flow, one
tube - pass correction - factor chart, 8
based on a method used by K. A.
Gardner.9
To develop a chart, an expres
sion for X is used in terms. of R
and ¢:

=

X -1

(11)
)n - R.

X -1
111

....'.:,.

0.1

0.2

0.5

0.4

jO

0.6

On,e divided shell
One-tube pass 1$1
rrrITTTTTITT

Tj T l

ti9 t2
T2
0.9

0.8

O.

0.7

0.2

0.1

0.3

Xn and R are plotted to give the
multishell-pass charts.
There are two values of R that
require a different calculation pro
cedure. These values are R = 0.5,
or R = 1.0.
When R = 0.5, Equation 9 breaks
down. Taking the limit of Equation
9 as (R - 0.5) approaches 0, we
have:

X=

(cp - l)/cp + In cp

(12)

2+Incp

Equation 12 is used with Equa
tion 10 to give F.
When R = 1.0, Equation 9 is
still used to calculate X, but Equa
tion 10 will break down when used
for F. Taking the limit of Equa
tion 10:
X
F=

(1 - X) In cp

(13)

Equation 9 is used with Equation
13 to give F.
\Vhen developing charts for more
,than one shell, Equation 11 will
112

0.4

0.5

X=(t'2.- t,~(rl- 9

o.

0.6

also break down. In that case, use
Equation 6a to find the correct value
of X for plotting F.
Fig. 7 is an F chart for single
tube pass and one divided shell.
Charts for the two, three, and four
divided shells may be obtained from
the author.
Developing these charts by hand
is quite tedious, but they lend them
selves to computer application very
well.
A Fortran program is available
for calculating F values, upon re
quest from the author.

6. Divided-flow, two-tube
pass
A trial-and-error solution for F
has been presented8 to use divided
flow, one-tube pass correction:
1. Assume a value for the inter
mediate temperature between tube
passes. A good starting point is:
tb = t1

+ 0.6 (t2 -

t 1)

(14)

2. Calculate the LMTD in the
lower tube pass by using Fig. 7.
3. Calculate the LMTD in the

o.B

o.~

1.0

upper tu be pas s using Fig. -7.
4. C a I cui ate the intermediate
temperature (tb)' Since temperature
rise in each pass is proportional to
its LMTD:
tb

= t1 +

(t2 - t 1) (LMTD)L

(LMTD)L

+ (LMTDh

(15)

5. If tb doesn't check the as
sumed value, start again using the
last value of tb'
6. Calculate the corrected MTD
by weighting the MTD's of the
upper and lower tube pass, using
Equation 16:
Atm

=

t2 - t1
(16)
tb - t1

t2 - tb

(LMTD)L

(LMTDh

._---+--

7. The correction factor is backed
out by using Equation 3. Example:
The shell fluid cools from 200 0 to
120 0 F., and the tube fluid heats
up from 80 0 to 120 0 F.
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0.7
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One divided··shell
Two-tube pass.

1. From Equation 14, tb = 80 +
0.6 (40) = 104.
2. LMTD in the lower tube pass:
Hot fluid Cold fluid Difference
200 104
96
120 80 = 40
LMTD

= 64

R =3.33

X = 0.2

Lltm = LMTD
= 58.9

F = 64

X

X

0.92

3. LMTD in the upper tube pass:
Hot fluid Cold fluid Difference
200 120
80
120 104
16
LMTD = 39.8

R=5.0

X=0.167

Lltm = LMTD
0.882 = 35.1

X

F = 39.8 )<

4. From Equation 15,

tb

= 80 +

(40) (58.9)
58.9

+ 35.1

0.5

0.3

0.2

0.1

= 105

X=(t~- tJ(r,- t1)

0.6

5. Since the calculated value of
tb did not match the value used, use
the calculated value and go back to
the start.
The final value of tb is 105.5.
6. With the final value of tb the
MID's are:
Lower Lltm = 57 and upper Lltm
= 32.
From Equation 16,
~".'

Lltm =

25.5/57

40
+ 14.5/32

0.8

0.9

1.0

Solving Equation .9 for cp isn't
possible by the usual means. And
without cp it is impossible to calcu
late F.
In the computer program devel
oped by the author, cp is found by
trial and' error. To converge on the
value of cp, use. Equation 17 as a
first approximation:

cp=

= 44.5

7. F = 44.5/57.6 = 0.773
A computer is almost a must to
calculate the many different points
required for an F chart.
A Fortran program can be writ
ten for this type of flow. The big
gest problem in putting it on the
computer is to calculate the correc
tion factor for divided-flow, one
tube pass. When doing it by hand,
as in the above example, use an F
chart. Since the F chart' was de
veloped by trial and error, we do
not have an equation for it. There
in lies the trouble.
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0.7

2
[

F/(R+O.5)

2 - 1.05 X (2 R + 1)

(17)

After this value is calculated; use
the first derivative method of con
verg~nce.

Fig. 8 is the F chart for one di
vided shell and two tube passes.
The dashed line extended across the
chart shows when the outlet tem
perature of the hot side is ~qual to
the outlet temperature of the cold
side. In ,_ comparing this with the
normal one,-shell pass, the low point
is approximately 0.8 while the di
vided shell is approximately 0.775.
Three F charts for divided-flow,
two-tube pass, from two to four
113
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Split flow. At times, when a high
correction factor is desired, a long
. baffle will give too much pressure
drop. In this case split flow can be
used. This type of flow is shown in
Fig. 9.
Some of the correction - factor
charts already developed can be
used. By analyzing two divided
flow, one-tube passes in series, it
can be seen that it is equivalent to
a split-flow-shell, two-tube passes.
In like fashion, the four divided
shell, one-tube pass can be used for
two split-flow shells in series with
two tube passes each.

If it is desired to use more split
flow shells, in series, use Equation
11. Using the divided-flow correc
tion factors in this manner assumes
we have the same perfect conditions
listed under longitudinal baffle.
When you have split flow and
four or more tube passes, then the
previously mentioned charts obtain
able from' the author can be used,
one for a single shell, and one for
two shells.
Author Dale L. Gulley lives at
2714 S. 75th E. Ave., Tulsa, Okla.
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BOOKS
GUIDE DU PETROLE ET DE
LA PETROCHIMIE (Petroleum and
Petrochemical Guide). 1964 annual
edition. Published by Editions O. Le
sourd, 252 Faubourg Saint-Honore,
Paris 8, France. Price 100 francs.
(Franco 104.20 francs.)
The 34th annual edition of this out
standing directory came off the press
in Paris in May. It contains more than
1,000 pages of names and addresses
of oil, petrochemical, and service com
panies, plus phone numbers, person
nel, company relationships, and other
data.
Here, briefly, is an outline of this
useful book:
Part 1. Oil. This listing gives de
tails on administrative and profes
sional oil groups, including member
ships. It lists French oil companies
according to their functions, i.e., ex
ploration and production; transporta
tion and storage; engineering, refining,
importing, and distribution; lube oils;
and natural gas and products.
Part 2. Petrochemicals and plastic
materials. Here you will find infor
mation on various French petrochem
ical companies and organizations, in
cluding names and titles of company
officials.
Part 3. Oil and petrochemical mar
ket. This inCludes names of compa
nies and other information on firms
doing business in the Common Mar
ket and the OECD countries, as well
as North Africa :;tnd the Middle East.
Part 4. . This includes a general
index (Petrole-Chimie-Telephone) of
oil, chemical, and supply and equip
ment companies. The listings include
names of administrators, directors,
heads of departments, and technical
personnel. This section involves more
than 3,000 namees of oil personnel.
In addition to the basic guide, you

FEDERAL TAX TREATMENT
OF INCOME FROM OIL AND
GAS. By Stephen L. McDonald.
Brookings Institution, 1775 Massa
chusetts Ave. N.W., Washington, D.C.
163 pages. Paper $2, cloth $3.50.
This is a summary of a symposium
on oil-depletion tax provisions held
by a group of professional economists
at Brooking Institution. Bulk of the
volume is a background paper pre
pared in advance by Stephen L. Mc
Donald of University of Texas. The
remainder is a summary of conference
discussion.
The volume is perhaps the best re
cent statement of views of economists
on percentage depletion and expens
ing of intangible drilling costs. It out
lines the history of these provisions
and describes their application in vari
ous producing situations and their ef
fects on the petroleum industry.
It discusses the theories, justifica
tions' and criticisms of these tax pro
visions from the standpoint of dif
ferential risk, the wasting asset of
petroleum resources, conservation, na
tional security, and capital-gains tax
ation.
Conclusions are that reduction of
percentage rates would tend to raise
prices in the long run, but this might
be offset by competition, greater- ef
ficiency, and reduction in rental bo
nuses. Increased revenue to the U.S.
Treasury could vary from a very li~t1e
to $2 billion annually' depending on
how the industry operated.
The book notes that it considers
economic aspects only, not other fac
tors in public policy.
NEW GUIDE TO MORE EF
FECTIVE WRITING IN BUSINESS
AND INDUSTRY. By Robert Gun
ning. Published by Industrial Educa
tion Institute, 221 Columbus Ave.,
Boston 02116. 358 pp. $12.50.
This book gives you ideas to im
prove everything you write.
These are techniques and formulas
you can app~y at once to every writ
ing problem.
Step-by-step guidance is given for
organizing thoughts and putting them
down on paper, getting ideas across,
writing to get the action you want,
how to do a better job of writing,
and how to write faster.
Note: The Oil and Gas Journal maintains
a book department. Write to the Book De
partment, PO Box 1260, Tulsa, Okla. 74101,
for copies of the book list. Often books re
viewed here may be purchased from this
source.
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