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Encircle the most appropriate answer.

Which one of the following statements about baffles in a shell and tube heat exchanger is
false? Baffles
a. act as a support to the tube bundle
b. reduce the pressure drop on the shell-side
c. alter the shell-side flow pattern
d. help in increasing the shell-side heat transfer coefficient

The following list of options P, Q, R and S are some of the important considerations in
the design ofa shell and tube heat exchanger.
P: Square pitch permits the use of more tubes in a given shell diameter.

Q: The tube side clearance should not be less than one-fourth of the tube diameter.
R: Baffle spacing is not greater than the diameter of the shell or less than one fifth of the
shell diameter.
S: The pressure drop on the tube side is less than l0 psi.
Pick out the correct combination of true statements from the following
a.P,QandR b.Q,RandS c.R,SandP d.P,Q,RandS

a
J Baffles are used in heat exchangers in order to

a. increase the tube side fluid's heat transfer coefficient
b. promote vibration in the heat exchanger
c. promote cross flow and turbulence in the shell side fluid
d. prevent shell expansion due to thermal effects

4 If the baffle spacing in a shell and tube heat exchanger increases, then the Reynolds
number of the shell side fluid
a. remains unchanged
b. increases
c. increases or decreases depending on number of shells passes

d. decreases

The flooding velocity in a plate column, operating at 1 atm pressure is 3 mis. If the
column is operated at2 atm pressure under otherwise identical conditions, the flooding
velocity will be

a.3ll2 b.312 c. 1 d,.3t4

The feed to a binary distillation column has 40 molYo vapour and 60 molYo liquid. Then,
the slope of the q -line in the McCabe-Thiele plot is
a. -1.5 b. -0.6 c. 0.6 d. 1.5
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In a tray column, separating a binary mixture, with non-ideal stages, which one of the
following statements is true?
a. Point efficiency can exceed 100%
b. Mqphree efficiency cannot exceed 100%
c. Murphree efficiency can exceed 100%
d. Both Murphree and point efflrciencies can exceed 100%

Minimum reflux ratio in a distillation column results in
a. optimum number of trays
b. minimum reboiler size
c. maximum condenser size
d. minimum number of trays

Multiple effect evaporators are used to
a. increase the steam economy & decrease the capacity
b. increase the steam economy & the capacity
c. decrease the steam economy & the capacity
d. decrease the steam economy & increase the capacity

10. In distillation column calculations short cut match the @

11. If a single fube passes heat exchanger is converted to two passes; for the same flow rate,

a. P-1, Q-3, R-4, 5-6
c. P-5, Q-3, R-6, S-2

x
x+7

b.P-2, Q-5, R-1, S-3
d. P-5, Q-3, R-4, S-2

x+7
C;-x

per unit length in tube side will times.

Tube side heat transfer co-efficient for turbulent flow of liquid through tubes is
profortional to
a.Go2 b.Gos c.Go'8 d.G15

In the agitators, the power required will be changed with the increase of diameter of
agitator (D) as

a.D2 b. D5 c. D d. De

14. If moisture content of solid on dry basis is X, then the same on wet basis is

the pressure drop
a. increase by 1o 

*

c. increase by 2'u
b. decrease by 2"
d. decrease by 23

Ai?

W

12.

13.

x 1-X

Column I Column II
P. Underwood's equation 1. Number of real trays

Q. Fenske's equation 2. Colum diameter
R. Gilliland's equation 3. Minimum number of ideal trays
S. Vapour velocity at flooding 4. Actual number of ideal trays

5. Minimum reflux ratio
6.Tray efficiency

b x-7 d. x
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The inside heat transfer co-efficient in case of turbulent flow of liquid in the tube side in15.

16.

t7.

18.

19.

20

a 1-2 shell and tube heat exchanger is increased by
of tube passes is increased to 8.

a.208 b.4o'8 c.4o'a

times, when the number

d.204

For condensation of pure vapors, if the heat transfers co-efficient in film wise and drop-
wise condensation are respectively fuand ha,then
a. hy: ha b. hy>ha
c. hy <ha d. ft7 could be greater or smaller than ha

Peclet number (Pe) is given by
a. Pe: Re.Pr b. Pe = Re/P, c. P. = Pr/R" d. Pe = Nu.Re

The unit of heat transfer co-efficient in SI unit is
a. J/M2,0K b. wl#.or c. wm.oK d. J/m.oK

Steam economy in case of a triple effect evaporator will be
a.l b. <1 c. >1 d. between 0 and 1

Which is the best tube alrangement (in a shell and tube heat exchanger) if the fluids are
clean and non-fouling?
a. Square pitch b. Triangular pitch
c. Diagonal square pitch d. Rectangular pitch
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SECTION "B"
Attempt IZZ questions.

1. a. What is meant by weeping in a distillation column? How can it be eliminated?
b. What is meant by steam economy in the design of evaporators?
c. What are the differences between condenser and a reboiler?
d. Why low pressure steam is used in evaporators?
e. What is Enhainment and Weep Point?

[5x1:5]
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2, A binary feed mixture containing equimolar quantities of components,Sand Iis to t5]
be distilled in a fractionating tower at atmospheric pressure. The distillate contains
96 molYo S. The q -line (feed line) intersects the equilibrium line at x' :0.46 and
y' = 0.66, where x' and y' are mole fractions. Assume that the McCabe-Thiele
method is applicable and the relative volatility is constant. Find the minimum
reflux ratio.

3. Draw a neat sketch of a triple effect evaporation with all accessories and write the t5]
mass and energy balance equations.

OR
Draw a neat sketch of a distillation column with all the necessary accessories
shown.

4. Oil at 120 "C is used to heat water at 30"C in a 1-1 cocurrent shell and tube heat t5l
exchanger. The available heat exchange area is 51. The exit temperatures of the oil
and the water streams are 90oC and 60"C respectively. The concurrent heat
exchanger is replaced by a 1-1 countercurrent heat exchanger having heat
exchange area S2.If the exit temperatures and the overall heat transfer coefficients
are same, find the ratio of Sl to 52.

5. A sieve-plate column operating at atmospheric pressure is to produce nearly pure l3x2=61
methanol from an aqueous feed containing 50 mol percent rnethanol. The distillate
product rate is 5000 kg/h. The molecular weight and boiling point of methanol are
32 arfl 65oC respectively, density and surface tension of methanol at 65oC are 750
kg/m3 and 19 dyn/cm respectively.

(a) For a reflux ratio of 3 and a plate spacing of 18 in., calculate the allowable
vapor velocity and the coulmn diameter,

(b) Calculate the pressure drop per plate if each sieve tray is 1/8 in, thick with%-in.
holes on a3l4-in. triangular spacing and a weir height of 2 in.

(c) What is the fourth height in the downcomer?

6. Gas oil at200"C is to be cooled to 40"C. The oil flow rate is 22,500 kg/h. Cooling [8]
water is available at 30"C and the temperature rise is to be limited to 20"C. The
pressure drop allowance for each stream is 100 kN/m2. Design a suitable shell and
tube heat exchanger and write the summary of proposed design.
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Temperature ("C) 30 40 50
Specific heat (kJ/kg."C) 4.18 4.18 4.l8
Therrnal conductivity (Wm. "C) 0.618 0.631 0.643
Density (ke/m') 995.2 992.8 990.1
Viscosity (mNm-z.s) 0.797 0.671 0.544

{.

Physical properties:
Water

Gas oil
Temperature ( 200 120 40
Specific heat (kJ/kg."C) 2.59 2.28 t.97
Thermal conductivitv (Wm."C) 0.13 0.125 0.t2
Density (kg/m3) 830 850 870
Viscosity (mNm-z.s) 0.06 0.t7 0.28

OR
Design a shell and tube exchanger for the following duty and write the summary of
proposed design.
Kerosene, 20,000 kglh (42" API), leaves the base of a kerosene side-stripping
column at2A0'C and is to be cooled to 90'C by exchange with 70,000 kg/aiight
crude oil (34" API) coming from storage at 40 'C. The kerosene enters the
exchanger at a pressure of 5 bar and the crude oil at 6.5 bar. A pressure drop of 0.8
bar is permissible on both streams. Allowance should be made for fouling by
including a fouling factor of 0.0003 (Wm2"g)-t on the crude stream and 0.0002

1Wm2"C;-1 on the kerosene stream.

Physical properties:
Kerosene

Temperature ( 200 t45 90
Specific heat (kJ/kg."C) 2.72 2.47 2.26
Thermal conductivitv (Wm."C) 0.130 0.t32 0.135
Density (kg/m3) 690 730 770
Viscosity (mNm-z.s) 0.22 0.43 0.80

oil

''"Y

/|ul
rfr

Temperature ("C) 78 s9 40
Specific heat (kJlkg.-C) 2.09 2.0s 2.01
Thermal conductivity (Wm."C) 0.1 33 0.134 0.135
Density (kg/mi) 800 820 840
Viscosity (mNm-z.s) 2.4 3.2 4.3
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7. A binary distillation colurnn separates 100 mollh of a feed mixture into distillate D
and residue W. The McCabe-Thiele diagram for this process is given below. The
relative volatility for the binary system is constant at2.4.
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a* 0,L $.2 A3 0.4 {}. $.# {r.7 *.8 A.9 1
(r).0r, $.fisl,,X

a. Find the distillate and residue flow rates (in mol/h).
b. What is the ratio of liquid to vapour molar flow rates in the rectifying

section?
c. What is the number of theoretical stages (inclusive of reboiler) for this

process?

[3x2:6]
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Figure 12.1, which is adapted from- 3 
similar nomograph given by Frank (7974)'

can be used to esrimate ir," .i".aL.".fficienr for rubular exchangers (shelt and rube)'

The 6lm coefncients gt;;; irr iigure 1Z'1 include an allowance for fouling'

The values given in i'tit rz1 and Figure 1Z'\ cat be used for the preliminarv

sizing of equiPmqnt for p'tttt t"tL'i'ioi' 'nd 
as trial values'for starting a detailed

rhermal design' I
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tube is usually directed to flow bacli and fonh in a number of 'passes'

of rubes arranged in parallel, to increase the Iength of the flow path.
of passes is selected to give the required rube-side design velociry.

are built with from one to up to about t5 rube passes. The rubes are.

into the'number of paises required by dividing uP rhe e*changer headers
yyith partition plates (pass'partitions). The arrangement of the pass

rwo, four and six tube passes are shown in Figure 12.11. The layouts for
of passes are given by Saunders (1988).

stahdard BS 3274 covers exchangers froql 6in (150mm) to 42in
diameter; and the TEMA standards, exchangers up to 50,in (1520 mm).

24 in (610 mm), shells are normally constructed from standaid, close
pipe; above 24in gfi mm) they are rolled ftom plate.

applications the shell thickness would be sized according to the
ddsign standar&, see Chapter 13. The minimum allowable shell

given in BS 3274 dnd the TEMA standards. The values, converted to SI

rounded, are given below,

Six tube passes

Four passes

. Two passes .

,

I2.1I. Tube arrangements. showing pass-partitions in headeo.

The shell diameter musr be selected to give as close a fit to thgtube bundle as is

practical; to reduce byP*,i;t;;"Jtf" "ti"iat 
of the bundle; see Section 12'9' The

clearance required U.*."" ii. outermost rubes in the bundle and the shell inside

diameter will depend ";;h. fp" of exchanger and the manufacturing tolerances;

rypical values.ti giu.o in Figure 12'12'
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TABLE 12.5. TYPicaf Baffle Clearances and Tolerallces

Shell Dlameter, D' EaffleDiameter Toleran(e

Thrust
- collar

Hardenbd
rollers

Pioe shclls
6to25in(152to535mm) 4-+ it(1'6mm) +tin(0'8mm)

ol1';'r1T" 
(152 to'635 rnm) D' - lin (3'2 mm) + o' - 3!in (0'8 mm)

27 o 42in(686 to 1067 mm) D, - rtin 1+'e mm1 t0, - fi in (1.6 mm)
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and.strip. (c) DiSc and doughnut' (d)

will depend
i2-s

Ieakage path occurs through the clearance berween the rube holes in the

the tubes. The maximum design clearance will normall! be 1/32'in.' ''

thickness to be used for baffles and suPPort Plates is given in the

shell diameters. A closbi
at the exPense of higher

0.3 to 0.5 tirnes the shell

for assembly. T.he cleatance needed
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The bundie diamerer depends noronly on the number of n:bes but also on the number

of tube o*,",'"' ';;:;;t;;t 
i;h i" ih' p"*t"' of tubes on the tube shqet to

- "'ffH'*::J:1ii': i:ff."L'*:?r D6 can be obtained rrom equation 12'3b'

.whichisanempiricdlequationbasedon",'a*aubelayouts'.Theconstantsforuse

.inthis.q,".i#i",;"8"il;;;jsquarePafterns,aregiveninTable12.4.
N1 : K1(?)'' $2:a)

Db : d.t^f*\""' (12'3b)

"'\xr,/

where

Nr : number of rubes

Da : bundie diameter, mm

do : ilbe outside diameter, mm'

If U-tubes are used, the number of rubes witl be slightly less.than that given by

equation 12-3", ';;;-J 'p*itg 
it*tt",tt't *o t"nt'""'o*' will be determined by

rhe minimum "u.;;;i.-i"li;;'f"r 
tt. u-ueJ th" rnir,irno* u"nd radius will depend

on the rube ai"rrr.i., 
^rrd 

wall rhickness. ii *irr range from 1l to 3.otimes the.

rube or,ria. ai"*'i*"r. ffi;iliirr+rAur,*.1t fqal to some thinning of th9,d", .. '

wall.
AnesdmateoftheiiumberoftubesiiiaU-ubeexch.angel(rwicetheactualnumber

of U_rubes), cr" #";; b, ,.ao.ing the number given by equation 12.31_by 
onr

*Ht tffitf.Iift;u.r.,".hi 
cenrre row, the row atthe she[ equator, is given b1t :

': 
Tubes in centre .ow : ? . -- i.

*nff.o5"T.lr'.ll'i} 
T[;",1ular desisn will normallv be planned with the aid of

computer r.or."iir.:in'ir";i, ,l'#;?irr;;pr.iie qf the i.s' partition plates-and

,12.s.6. shellandfubqDelignatton "1' a';- : ' '' ''I 
,,h".o*Lir.rrn1,^111

',q.o**o" *"'hod of describi"t **'iil'X,e;:1':tt':fffX':;"u;; ;" ;"muer 3!
;; Passes: mln or m:n; where T:: ::':X;"";*';ri;. "* tt',ell pass and two ube

rube o"J"': l;7; ot r'z attttiuts an exchanger wrtn one

.' ,' . - . [:i.::Xiil .li.*.t "ne" 
y1ti'*" Jt[ pais"s and rour tube passel' . ' ' :'

,-72..5.7.-'Baf'f,tgS:&i;:"ii'irr:i'{r:i;i:':'i-':iL-r..'-'-'=i{}'r*Q1!'u4+-:a1e'r''""F

Bafflesareusedintheshelltodirectthefiuidstleamacrosstheubes,toincreasethe
o"ia."rr..iri.l#$#$:Jf#ni[*,.,ffi fi il;r;:.u;#]Tir5:i
??#:.t'rr."u,; and-d' : "'"-.::" *"'.'.r, o",fles will be'considered ir 

'
- Only the design of exchangers using'single segmental ba

this chapter' .isure 12.13a were used with a horizon*l *id:,::::
lf the arrangement shown t. ",5;;"i;'d;;. iii. ptoUft', can be overcome either

;T':?:X'i"H:t'ff ll'i;?::::::il::L'i"'t"'"'bv;;*ng'rhebase::T'i:
(Figure f i.14)- of a segmental baffle. The

rr'" *itli^rfle c"t' is used to specify rhe dimensions'

baffle cut is the height "f 
,h. ;".#;;,,,"*o.,"d to form the baffle, expiessed as

ar"';;;^;;itt'-"-u^rntai"tilil;'';afflecursf'o*tsozorc+!'ohareused'! r- ":v*ll;:khi:iL'ilti'.T'??'ffitnillru:'3p'3,#ffi'Ti$'I:1;"ill11::rates, \

I2.s. I

.l

r2.5.5.

),
,tl
.:i
,il

I

I

I

I

I

I

.i

l

I

I

i

12.4. Conitants for Use in Equatton 12'l

Trlangutar Ptt ch, P2 = 1'25dq
4 6

No. passes

Kr
nl

Square pltih, p. = I

No, prses

Kr

a3]9 0.2+9

2.742 2.207

0.175

2.285

o.0743
2.499

0.0355

2.675

2 4 6

0.0402
zs77 .

0.215
.,2'.207

I

I

t

nl

0.155 0.158
2.263 4- '.2.6,43

II

and Perry
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t-"--' -[tiot' -''.xchaffi ,bt fi red he-ater

boilers; other exchangt"ltt ttittttd to as \:nfired exchangers''

The 
'transfer 

of heat to and from process fluids is an essential parr of mostthemical -

"..."*.t. irr. nror, .o**oniy ur.d ryp" of hear-transfer equipmcnt is the. dbiquitous

il;ffiil;h;;;;h;;s.r; the deiie" of which is the main subiect of this chapter-

The fundamentals of hear-transfer theory are covered in coulson ef a/' (1999), and

t" ;;;-;;h;;;;""kr;Holman (2002)i Ozisik (1e85), Rohsenow et at, (ree8),

Kreith ,"al Bohn (2000) and Incropera and Dewitt (2001)' . .

Several useful books have been published on the design of heat-exchange equlP-

*.*. Th"r. should be consulted. for .ore detailslof the -construction 
of equipment

;;;;tG; ;;,t oa, tnrn c," ut dl'n in.this.book' A silection of the more useful

texts is listed in the biblio$'pi'y titftt end of this chapter' The compilation edited by

Schliinder (1983), ,.. ,iro'th. edition by Flewitt (ZOOZ), is probably the most

comorehenSive work on h.,.-.*.h,nger design methods available in the open liter-

",".5. 
ii. i;""r. irllr"a.tt (1988) is recommended as a good source of information

"" 
frlri:.".ft*g", design, especially for shell and tube exchangers'

Aswithdistillation,*o,ko.thedevelopmentofreliabledesigrimethodsfor
heat exchangers has been dominated in recent years by 

-comlelial 
research

;;;;ri;r;i;;t", Heat Transfe' Research Inc' (HTRI) in the USA and Heat Transfer

and Fluid Flo* Se.vice (Hiesi i" the UK' int frrs Program was developed by

theUKAtomicEnergyAuthoriryandtheNationalPhysicalLaboratory,butisnow
available from Aspen f..it"ftgy Inc' and as part of the Honeywell UniSim Design

irii., ,.. Cu.pr.i +, rrit. +.t]tntit proprietary methods are not available in the

. open 1iteratu... Th"),';;li; nr-.'lt, ul 
"allable,to 

design'enginetrs'i,''the maior'

operating .nd ..orrtrri-ti,g 
-to*p'nit', 

whose: companies subs*ibe to these

organizations.' . rnd.allied- "ih" prin.lpal rypes of hear exchanger used in the chemical Process 2

i.art"iit, *f,i.nvviU U. aitcussed in tlii' thapter' are listed below: : .
:

1. Double-pipe exchangbr: the simplest rype, used for cooling and heating

z. Sh.tt ,ni tubg,-.x.h"-ngers: ussd for all'applications . ;" 1

3. Plate and frame.ii,?"gttt (plate heai'exchangers): used for heating and

cooling
4. Plate-fin exchangers

5. Spiral heat exchangers

6. Air cooled,. used for cgolers and conderlsers

7. Direct contact: used for cooling and quenching.

8. Agitated vessels

9. Fired heaters. :

The word 'exchanger' really applies to all types of equipment in 
'which 

heat

is exchanged tu, i, o?i"n ,t.i tpttint'lly to denote equipment in which heat is

exchanged berween ;;';;;;;tt"'" Exchangers in which a process fluid is

heated or cooted by r;i;J;;;;;;;;;; ,r. refe.rJd to as heaters and coolers. If the

process stream is ,"poii"d, the exchanger .is 
called a vaporizer if the stream is

. essentially completely vdfioiiied,'a reboiler"if;i!]Jdi:,i"a *-iif-' a diitilia,tion coliimnll'

and an evaporrto. if or.i* .on.".,,.",. a solution (see chaprer 10). The terms 6red

12.2. BASIC DESIGN I'ROCEDURE AND THEORY

t

The general equation

where

for heat transfer across a surface'iq:

Q - UALT"'

Q-
U_
A: force, "C.

NT^: the surface area

The prime oblective in the design of an exchanger is to determine

required for the sPeci 6ed dury (rate of heat transfer) using the temPerature differences

available.
is the reciProcal of the overall resistance to heat transfer,-

The overall coefficient across a rYPical

which is the sum of several individual resistances. For h'eat exchange

heat-exchang'er rube the relationshiP berween the overall coefficient and t['re indi-

uidrr"l .oeffriients, which are the reciProcals of the individual resistances, is given bY:

hear transferred per unit time' lV 
-,, zor

the ovlrill heat-transfer coethctent' w/m ..-

heat-transfer area, m-

il;:#;;tt"'"* difference' the temperature driving

(12.1)

(r2-2\

ti
t
,l

I

lJ, ho
L-
' hod

i- i '.11: .i: 
:'

+

.t'I

g^ : the overall coefficient based on the or:tside area of the rube' \(im:"C

..;;:,;;j".n,iafilmcoefficien,:ylT"r.j.:l.

?i,=:;:hl:i1,Tft"".:::::i+!','*idr),w/i.2'c

3: = :nlt.l ::::ffi:'.J; lJ;: ;' war I m are r iar' rt'/ m" C

; = rube inside diarnerer' m

do = tube outside diameter' m'

rhemagni,ud:"':l:::*r,:1;::.*::"Jj:I[ffi t1i[':.,,l^'i1'11,Tin:'fl

:ff :,1i?""""'::,1:::?l;:?leiliiim::;ll:::f ;:*:*1,,itararrang
menr of the heat-trans;; J;f;': 

^s 
th''phv'i'i i""'li"r trre 3xcfaig;r 

cannot t

determined until the ";"; 
til;;;;' 'r't 

attig" "r 
an exchanger is of necessiry a trta

and_error procedure. d'. il;;';.ypi.aia".rig. proced,rre "re 
given beiow:

1- Define the duty: heat-transfer'rate' fluid llow rates' temperacures'

2., eoliett :tog",h.f"i';.'il*it pt:V,irf prof erties - requireC: density' rlrscosr

thermal conductiviry

I

I

I

'+

,i. ,

.

11

: .'

ldn
-1--><b;a' d;

..

..:.. - ., , .lt:".; : ..1

do do
X

"1 1

T,

I
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at rhe inlet and
temperature difference heat transfer

'or. counter-current flow; wirh linear temperarur*nthalpy curves.

when the heat capacicies of both streams are constant and there

or if there is a phase change at constant pressure. for a stiearn that

These conditiPns are only approximated ia reality. For

(Figure 72.18 a),the logarithmic mean temPeranrre difference is

(T1-rz)-(Tz-rr)
A.'

,r.= cold' fluid temPerAture, iBter

ri : cold fluid'temperature, outlet'

' . I - A^ln

AUG 2 i /uro

the equation is rhe same for co-current. flow' bu't the terminal temPerature

differences witl be (T1 - ';;: if':izi: st'ittty' equation t2'4 will onlv applv when

there is no change * #.*rp*ih. Ii.",r, the ove.^lt'heat-trans{er.coefficienr is

consrant, and there 'r. ";;.;;;t;t:'h;;ti;., 
fiLse conditions ian be assumed to

be satisfied providing ,nJ"t"ptt'** chat'giin each fluid stream is not large-'

ln most shell and r,,b. ;;th";;;"' thJ flo- will be a miiure of co-current'

counrer-current and *;'i;;fig"ies 12'18b and c show tvpibal temperature

ilil;H;;';(i;;;.;;;."" ,"u.rr pass and two rube passes (a 1:2 exchanger).

Fieure 12.1gc .t,o*, *o'Iffi."ffi cases of temperarure cross, where 'the outlet

;il;;;;;f tie cold stream is above that of the hot stream'*'Ti'"",r"i 
,*."r,..'*"ri.?ri+-"r ,rr.rr and rube exchangers is ro ebtimate the

.rrue temperaro.. dirr.r.i.-.'-i;;; rhe logarithmic mean temperature by applying

;;;r;i;, factor to "lI"; f";;il 
;;;**'; from mre counter-curtent flow:

LT^ = F'ATI' Df'/t (12'5)

Where LT^:tnre temperarure difference' thq mean temPerature difference for

use in the design equation 12'1

p, : che temPerature correction faitor q-'

. . ,, T.,tre torrEation factor is a function of.rhE rhell and rube fluid ternperar'upes;and t!re-' " '

"Jff;iffi;,;;;;ii;;;]],]i,..,,n,-"liycorrelatedasafunctionofrwo..

outlet of rhe'exchanger. The
is only applicable to sensible

well known

ATr- : (12.4)

, teriperature difference
temperature, inlet
temperature, outlet

T2

Heat trans{ened

T1

Tl

Haat transrsrred

?8. -T.emperaturc profiles. (a) Counter-current flow- (b) 1:2 exchanlUr- (tF '

-. 
(Tl tz)

't tr, - r,
\

b

o
f

Eoc
E'o
F

I

t1

i

t,

;
r

tl
t)

0

t

dimensionless temperarure ratios:

and

(R-1)ln 2-SlR+1- +1
2.-

R_
(T' -ri)
(tz-'t)

T2

t2

12

t1

(nz + t)ln
(12.8)

=rpt
\)
N5
C)

cross.

Ft:

slR +1+ +1.

I

tl

i

o _ (rz -tr) Oz.7)

R is e,qual to. the shell-side fluid flow rate 
1im9q 

the fluid mean specific heat; divided

by the rube-side flui . fl"* ;;;"s the rube-side fluid ipecific heat'
-' 

ii, 
" 

measure of rhe temperature efficiency of.the exchanger

f"i 
" 

i,Z exchanger, the correction factor is given by:



I I l. ferm FAr-r 
"-ffi:e"'"-'lNr

, The d';ritadoh of equation r2'8 is giGn by Kefnl1950)l rn"."c;"fitt ior a'1:2 
.

exchanger can be used t;'* ;.t"h,nitt *i.l-11:"i n'*b"t of rube passes' and is '

'ploned in Figure 12'19' The to"ttiion factor- for rwo shell passes and four' or

multiples of four,'tube p;;;;';;;;in rie'"t rz'io' '"a 
that ior divided-flow ind

;t*X*: *.t}',::1i.1:.Tr*""'i'.*r arransemenrs can be round in the

TElvlAitandards and th;';""-kt;;K'rn{1950) "nJ 
lui*ie (2001)' Y1*t 

(1e73)'

sives a comprehensivt 
";;;i ;il;s for calculating rhe log mean temPerature

:;;J;i;:i"',-*r'itt' i"tr'Jtt ilg"*s for cross-flow exchangers' '

The followin, """rnitio"ti'--"!-t'at 
in the derivation of the temperature

corrcction factor Fl, *:5ili;ll;"d;;;;;t for the calculation of the log mean

i"rn p.trrur. dif fe rence:

1' Equal heat transfer "ttt' 
itt each pass 

-

2. 'A tonstant o"tdlhtut-t'ansfer cl-ef-fi;ient in each pass

.3. The temPerature "i'tf" 
tltff-tiae fluid in any pass is constant across any cross-

section
4. i;;lt nci leakage of lluid between shell passes' 

'

Thoughtheseconditionswiilnotbestrictlysatisfiedinpracticalheatexchangers'
che Fr values obtained tri;''ht-;ti *ili gi"t an estimate of the 'true mean

temperarure difference' 'r'"t'l '"intit"tly "tot'tt 
for most designs' Mueller (1973)

discusses these assumpr..., *a givei. r'r. :lll.r f.r conditiqns when all the

assumptions are not *.,, ;'.1'h$'i,,fr;;".In (;;z:l and rm;1:'i.1'1,1"):'"lue1or

L
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Figure 12.19' TemPetature coriectlori factor: one'shell pass; wvo or more even tube passes'
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CHAPTER 12 HEAT.
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2.21. Temperature correction factor:'divided-flow shell; two or more even tube
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12.22. Temperature correctibn factor: split-flow shell, two tube passes'

lon , trb tcENE TslcN ^-T"-^L 
_ .

sHELL AND TUffi EXCTIANGMS: GENERAI' DESIGN -

CONSIDERATIONS

64tI ,_ l )r I III

12.7.

'a
'12.7.1. Fluid Allocation: Shell or Tubei

Vherenophasechangeoccurs,thefollowingfactorsdeterminetheallocationofthe
fluid streams to the shell or nibes' - :he rube side. This will-*i.;;;;'ir'"-"itt"rrosivefluidshouldbeallocatedtot

,.ao." itt";;t;;i;"Pttsive alloy or clad compbnents'

Fouling.The, fluid that has .1. r.,.;'i ,-e;Jln.y .o.rou the heat.transfer surfaces

should be placed in rhe rubes. Thir g;;t.; ionrtot over the desisn fluid velociry

and the highei a*owabte velociry t" i;#;ililil"tt r*ri'g' ado;tt'" rubes will

t.-..t:;::j;#rures. 
rf.the temperatures are high enough ro- require the use o.[

' special altoys, placing the higher;;;;;;. fluia in.t'." *u.' *itt reduce the overall

cost- At moderate temPeratures' P#ttB ;;h::*t n"ia in-*t tubes will reduce the

shell surface tempera.ures, ,na nr.r.-. if,. n."J ror lagging to reduce heat loss' or for

"'?##[';,,*,ft 
ITIit"":fl fi:Til1.i1,'iT|:,n:HTi:il::li+i:

lL*;,tfL;r, is less for hish i"*I:i?i"*',n'intH".,*""t Pressure ""d "'
expe.,sive high-pressure shell may be avoided'

Pressuredrop'Forthesameptt"*'a'op'higherheat-rransfercoefficientswillbe

"uoi"*a,l;'."r1" 
l"i. ,ic;',h*inl'i[+;le;,!3J ntlio *iri'- the.!9wee1 allowqble

. \r,.rr,;:,G;"";;-t,r:;cjr1;",-;*rrri coefficient.will be obtained bv allo-

.r,tng ,hl'*Ir'"';i;;ir-*';-r*r^l il;;;;iiriJ", p-uidios the florv is rurbulent'

rn. c.iticui i.inoia, ,]u*u.r to. iutoj*;il; ii. ,h.[1. in the region of 200'

'.,. , : . If ro.b,teni no* o*.,o, u. ^.t,i.n"iffi;ilii,;;i, 
i"*.. to ptace the fluid in the,'. , .

ruu.r, "r'ih."';;-;id. 
rr".,-"*lrrr-"b"rn.i.* can be predicted with more

12.7.2.

flo* r-atei.-Nlocating the'flur"idf wiih'the towist flow rate tir th€ shell'sid'e

will normallY give the most economical design'

Shell and Tribe Fluid Velocities: 
suie diop.

Hieli veloiities will give hightheat-transfer coefficients but also a high pres

;i?;#ilil;iliirr.. e".,ough ro prevent any suspended solids senling, but nor so

higfi as ro cause .r"ri;;.'il;i- u.tl.iti.t wili r.io.. fouling' Plastic insercs are

somedmes used to *dr:; ";i;; at the tube inler. Typical {esigrr velocities are givenla
,;)

below.

Liquids r'-)

Tubeside,processfluids:1to2m/s'maximum4misifrequiredtoreducefoulin-g;=;- 
*^,..t f -S ro 2.5 m/s' ' : a

Shell side: 0'3 to 1 m/s'

.':: 1 ,' , '' "i':' ''
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ffi

I

H\1r
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ffi

' ,l I I .*ortorzr,@ar'',..nfqu'''"'''''l

trre' rblifiLiint shciutd bc ivali"ted iriilB 
-bd;['etu.ti,;; it. ii' rna r/-r:,na',t.'

lower value taken.

Heat-transfer Factor, in r ' 
'

i ir-"-f." i.";ioi.nr.o.o.t.'i",. heat-transfer data in terms of a heat-transfer '/
ia*i*fri.f, is similu ro the fricdon factor used for pressure drop. The heat-trdnsfer

factor is defined by:

The relationship between i6 and is is given by

ir : sterooz (fi)

Note: Kern 1t930;, and others.de6ne rhe heat-transfir factor as

z -. l.-0'1a.. , .-.,,,.,,'.: :. '.'." i- - Nupr-F f,-lll:.. : I \tL-|.'

-0.14
(72,.1.4)

The use of the il, factor allows data for lamiuar and rurbulent flow to be repre-

,.ni.J on the same'graph (Figure 12.23). The 16 values obtained from Figure 12.23

.rn U. or.a withe{uation'ti.f+ to estimate the hear-transfer coefficients for heat-

exchanger tubes arfd *--...i"L pipes. The coefficient estimated for pipes will

;;;;iti";r,r.r"utir" (on the tow side) as pipes are rougher than.the rubes used for

tr.^, .*.fr"ngars, which are 6nished to tlotti tolerances' Equation 12'14 can be

rearranged to a more convenient form:

\ T:,na.P,o'33 
(#)"' (12'15)
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Flgure 12.?.3. Tube-side heat-transfer factor'

rd

tl
l. ru

12.8;2.

where . .

, : tube-side bulk temPeramre (mean)

/- : estimated wall temPerature 
.

.i = shell-side bulk temPerarure (mean)'

-.Usuallyanapproximateestimate-ofthewalltemperaureis.sufficient,.buttrial-and-
error calculations can b"t;;;;" obtain a better estimate if the correition is large'

Goefficients for Water
Though equations 12-11 and 12'13 and Figure 12'23 may be used for water' a more

accurate estimate ."r, u. *"a" uy uring e{uado.rs developed specifically for water.

The physical p.op".ti"' "" ton"t'ititly incorporated'.into the correlation' The

;;;ri;;;;',i-r,u, u'"";;Pil from d"t^ given bv Eagle and Ferguson (1e30):

,- . .42-00(1.35 + 0-024218 ,, -. ./ (12.L7)

Tube-side Pressure DroP g,,z
Therearerw-omaiorsourcesofpressurel.os;ontherubesideofashellandtube'
exchangeri tn" f.i.tioniJrr-i, ,fr.'J., arid the i"Ji a"" to the sridden cohtractiori I

and expansion 
"r,a 

no*"."r"'.oi, ,frriifr. n"id;;;;;i."ces in flow through the t,bc

*?irtjlilt;riction 
loss can be calculated.using.the familiar equations for pressurur

drop in pipes (see aFo,* s). ri. u"iii.q,iltion for'isothirmal fiow in pipcl{'

lconstanrtemPerarure) is 
r

^. (L'\p4 (12 lr): air\a_,)i
1,lt

- .i ..... !-!:t.-....e.llr!-r:i : -

wherellis*,.ai*.*ionlessfricrionfactorandL,istheeffectivepipelengtlr.

':i;,,
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ilil lill
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I
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ViscositY Correction Factor

m..rir.oJry Eorrection factor will normally only be iigni6cant foi viscous liquids'

To apply ,f,. "o.r..tio[ "" 
tttiiT: * the *alitempit"r"t is needed' This can be

made by E.rt c"l.ruffi ,h"-.o.{fi.i.nt without the correction and using the

5o,o*ing rerationshin ,' .'0,";:;:_;,r=T,;_f,l., 
(1z.r.)

I

where

'. ,. . Ir; : inside coefficient, for water''WrnZ"C '
t : water temPerature, "C

ut: watet velociry, m/s
':-'s':-'-' - - i;=tiibii'insid'E'diaaatei;min:-''
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The flow in a heat exchanger is clearly not isothermal, and this is allowed foi bY

an empirical correction factor to account for che change in physical

with tempera.rure. Normally only the change in viscosiry is considered:

d,P :8i1(L'/d)p (12.19)

m :0.75 for laminar flow, Re < 2100

: 0.14 for rurbulent flow, Re > 2100.

Values of ,1i for heat-exchanger rubes can be obtained from Figure 12'24;

PlPes are given in Chapter 5
ressure losses due to contraction at the rube inlets, expansion at the exits, and

reversal in the headers, can be a signiEcant part of the total rube-side pressure
losses. Kern (1950)There is no entirely satisfactory method for estimating these

adding four velocity heads per pass- Frank (1978) considers rhis to'be too

and recommends. 2.5 velociry heads-'Butterwonh (1978) suggests 1.8. Lord

1970) take the loss per pass as equivalent to a length of rube equal to 300 rube

for straight tubes and 200 for U-tubes, whereas Evans (1980) appears to

ooly 67 rube diameters Per Pass.

The loss in terms of velociry heads can be estimated by counting the number of

conrractions, expansions and reversals, and using the factors'for pipe firtings to

the number of velociry heads lost. For two tube passes,'rhere will be rrn'o

tt

{,'
trr

t

and one

toss will.6e

2 x 0.5 +2 x 1.0 + 1.5 = 4.S-velociry heads

_;Z.ZS perpass . -: 

-

this, it appears.that Frank's recommended value of 2.5 velociry heads'per

is the most realistic value to use.

this factor with equation L2.19 gives

flow reversal. The head loss for "4ch of rhese

1.0,'L80',bend i.5; so for rwo passes the

'APr:,",[rr(i) (#)
pu7-rn

+2.5 (12.2.0\
1)e

in
)e
I

'i.re
iis

,B)

2

: rube-side pressure drop, N/mz (Pa)

:,.ntiinber of rube-side Passes

rube-side velociry mli '

of one rube.

of pressure drop is the flow expansion and conrracrion at the

et and outlet-nozzles. T$s can be-esttmqled by adding

and 0.5 for the outlet, based on the noz4le velocities-
one velociq,v head

Figure12.24.Tube-sidefrictionfactoB.Nol4ThefrictibntactorlTisthesameasthefriction
factor foi PiPes 0 (: $tPi)).
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CHAPTER 12 HEAT.TRANSFER EQUIPMENT

For an triangu[ar pitch arrangenreni:

1

4)- (12.23)

z

where d, = equivalent diameter, m. '

Calculate rhe shell-side Reynolds number, given by:

Re : G,d, 
- 

urd"p fi .-24)
lLp

For the calculated Reynolds number, read rhe value of 7i from Figure 12.29 f.or

the selected baffle cut and tube arrangement, and calculate the shell-side heat-
transfer coefficient b, from:

Pl x a.sz pt - d

: #*f -o.eL7d:) .l

N" : 3! 
:76 RePro3r (*b'j $z.zs)

The rube wall remperarure can be esrimared using the mechod given for the

o(d,=ri,(*) H+ (#)-o'o

side; Secrion 12.8.1

For the calculated shell-side Reynolds number, read the fricrion facror from
12.10 and calculace the shell-side pressure drop from:.

(LZ.26l

: rube length

= paffle spacing. 
l

term (L/ls) is the number of times ihe flow crosses rhe rube bundle = (N6 + 1),
is the number of baffles.

Pressure Drop
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whf;rc llo - vflpor vciosity through holes, rn/u

Pv : vapor <lensitY

Pr- - Iiqrrid de nsitY

Co : orifice coeflicient

Z, *Z{}{/rt,, + }io,,u} + }ra * hs,r. 14 '- f(h,, f llo.,,,)

?11
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hor', * 43 -(fi)
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