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Conclusion

Li Tl e R PRl areet Y iy

~ Ite > adding fins enhance heat transt

. ¢ <1 adding fins decrease hieat tranate

adding fins has no effect

_ (as insulator i

Problem 1  Fins
Twﬁm*\ehlef“qqh

A very long rod 5 mm in diameter has one end
maintained at 100 °C. The surface of the rod is

exposed to ambient air at 25 °C with a convection
heat transfer coefficient of 100 W/m2 K.

1. Determine the temperature distributions along
rods constructed from pure copper, 2024
aluminum alloy, and type AlISI 316 stainless steel.

Wha\:[> are the corresponding heat losses from the
rods”

2. Estimate how long the rods must be for,._th__é',.-
assumption of /nfinite length to yield an
_accurate estimate of the heat ESER ack UK ¢ e
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s
P
Efficiency of Fins. 1 QJ\
~N 2P~ WL")‘;}- _'} "

. Deflnltion Qf _ qf _‘.‘i.‘i‘f‘-{- J M o o

=1 ) — :
4 (O Ny = /2/49 i el Lﬂm' (o Dt
Qnm ¥b
where A, is the surface area of the fin.

rJ ~
'f’;*~ 2

Look! Max heat transfer takes place when the surface

temp. of the fin equals the base temperature. " )

Assume adiabatic tip fin, the previous eq. becomes

5 o MtanhmL ~/hPkA.G, tanhmL ~ tanhmL

s hPL@, hPL@, mL WA whew L\

nf—max asL—>0 ;my—> minaslL - 120 o5
e

1“‘_“* ? al Uﬂ.ﬁ)‘w; l’?’:"""’p F‘N:b-’

o e e o8 @‘)wlf,
% P Sn WP & S acdua) vaPde ackaal P

Approximation for heat transfer

from a convection tip fin

« The heat transfer, q;, of a convection tip fin; eq.
3.72, can be calculated via using adiabatic tip
eq.3.76 by making a correction for the length;
L=L+(t/2) for a rectangular fin'and L =L+(D/4) for
a pin fin.

« Therefore, with tip convection, the fin heat transfer
rate may be approximated as

R s

e Pesi 60 dable. o o q,=MtanhmL,
c ;pzc-\‘c-\ I\JC" %‘QMQ“A

1 " where M= \hPkA_.6, ) .
AL g QP4

mec‘llcﬂ}f_ k‘j’Pﬁ 5 K){“’ be
D)

tanhmL, L
and Ny = g5 2 Copueclion Xip
mL, “
e adiaodic A <bias
Cg'cwpd“;b@ﬁ @XC_UP_'P"-"W»—-“*

8 L«y_us"-’

—
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ﬁsz::@ Corrected fin length

&
Oﬁn -
: D .
SR ey Convection COrrected fin Iengih: Lc :L_l_i =21+ 'K/___,_,. |
I-«'/ P 'ﬁ/ 7 |
L ’ Multiplying the relation above by\Lc- }- + 53 k
| ¥ o
(@) Actual fin with ! the perimeter gives
convection at the tip ! -i B ovectsd = Ags (11lefal) +A_"p
(}lin E_F’Ll 5’. =P Lwh]'.
|
| Insulated Lc rectangularfin™ L+
! s
t -
‘ D
L, { Lc.cylindrica tfin = L +—
(h) Equivalent fin with insulated up

Corrected fin length L_ is defined such that heat transfer from a fin of
length L. with insulated tip is equal to heat transfer from the actual

fin of length L with convection at the fin tip.

Notes

‘,,__J,,Juj U—P\;_n.._u

1. Errors associated with the approximation are e 25" ¢ 2
negligible if (ht/k).or (hD/2k) <0. 0625 0625 # §f Sedad L 1L

et oy J-P.Q’J—-J WJ"’
2. dfwesstifor rectangularn..\\ AU R P
p= 2wt o T [Rectangular > Hpjg,
PR2W ey st 25 fin i
vt L= S
hp L1 h2w. ), 1/2 e
mLc=(— L. -(———) L —(——) L

C

lntroducung a corrected fln proﬂle area, A =Lt
L =(— W2 LA 1/2 y 3/2 2h V2 g 372
m ( ) ( ) ( ) L =)'

‘ P
L"“L J'i «VJT"“""JL

See Figure 3.18 and flgure 3.19 {n vis ) "L )
Fig. is developed from this eq.p, - M
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80
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L.=L+12 :
31;,:1"_] |__ i

L]

0.5 1.0

1.5 20 %
LX2(hika )

Frevne 3. 18 Efficiency of straight fins (rectangular. triangular. and parabolic piofiles):

20

= rpd2

T,- £C=L+rf2

A=LT

132(nika ) V2

Ficone 3,19 Efficiency of annular fing of rectangular profile.,
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LANLE 3.5 Lk

Straight Fins
Rectangular®
= 2wl
Lo= L+ (1)

A, =1L

Tﬁa;rgufar;'

A; =212+ (rﬂ)"l"2

= (/2L

Parabolic® :
A =w[C\L +

(L2m)In (/L + cm
=L Ly

A o (m_:.L

Circular Fin
Rectanigular®
Aj=2m(ri.—r)
e = r o “’2)
V=a (32— rin

Pin Fins
Rectangulart

Ay =mDI_
L.=L+ (D)
V = (aD%%43L

Triangular®

Ay =T2 12 4 (ppypa

V= (=/12)D?L

i ' L wm
L

¥ =021 - w12

W= G

_ tanhmL,.
W inte

1 nmD
" = L 142mL)

2
[4mLy + 17" + 1

q,:

K,(mrl)fl(mrz,) —l.{mr‘)xt(mrzc)
Tolmr )X, (m r1e) + Ko mr)(mry)
ey
G (; r,!m)}
(r:lc A rl)

tanh
_ fanhmZ,
mL,

2 Iy(2mL)

Y ML T,2mL

(3.89)

(3.93)

(3.94)

3.9

(3.95)

(3.96)
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Problem_2  Fin D)

"”D-M fm(em’afwwx_laﬂ -’\ AS'\-9J-)

An annular aluminum fin of rectangular pmhle 18
attached to a circular wbe having an outside diameter
of 25 mm and a surface temperature of 250°C., The fin
is | mm thick and 10 mm long, and the temperature
and the convection coefficient associated with the ad-
joining fluid are 25°C and 25 W/m* - K, respectively.

(a) What is the heat loss per fin?
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Shell-side fluid

——re—

L g o Condensing vapor (unless corrosive)
jﬁ:& ¢+ Fluid with large AT (>100°F) |
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Heat Exchanger 4

DESIGN OF DOUBLE-PIPE HEAT
EXCHANGERS
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%*Design of heat-transfer equipment
off between the two conflicting goals ot low capital
cost (high overall heat-transfer coefficient, small
heat-transfer area) and low operating cost (small
stream pressure drops).

L:-;Jl cost { <55y

<*Optimal design thus involves capital and energy
costs, which are constantly changing.

<A simpler procedure is to specify a reasonable
pressure drop allowance for each stream and design
the exchanger within these constraints. The
pressure drop allowances determine
(approximately) the trade-off between capital and

operating COsts.




Introduction _ continue

*“*For low-viscosity liquids such as water, organic
solvents, light hydrocarbons, etc., an allowance in
the range of 7-20 psi is commonly used. For gases,
a value in the range of 1-5 psi is often specified.

“*The basic calculations involved in the thermal
analysis of double-pipe heat exchangers (which
glvep in the previous slides) are still required in this
Séction of  analysis. Moreover, Series-parallel
configurations of hairpins are considered.
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* Heat-transfer correlations for pipes and annuli were
presented in the previous lectures and their

application to the analysis of double-pipe

exchangers was also illustrated. In short (summary):

v'For turbulent flow (Re > 10%), the Seider-Tate
equation is used in the form:

N = 0.023 RE*3PrY3(1 /1)1 oot (1)

is often preferred for design work.

Note: A coefficient of 0.023 is used here rather than 0.027. This coem_g;en{?%%g&‘ﬁ% £1 4



v'For = e
Hauzhe tranSIFlon region (2100 < gRe< 10 ), the
€N equation js used: e e
— (2)

Nu = 0.116 [Re?/3 — 125)pr/3 (“m”)o.u 1+ (D‘/L)zﬁ] ......................
v . 3
Equations (1) and (2) are used for both pipes and

annul_i, with the equivalent diameter, De ,replacing D;,
the pipe ID, in the case of an annulus.

¥'For laminar flow (Re <2100) in pipes, the Seider-Tate
equation is used:

Nu=186[RePrDyLI B (ufum®™® e

But for laminar flow in annuli, the following equation

should be used.

0.19[1 + 0.14(Da/Dy) *?1[Re Pr D/L1*Y (4)
14 0.117[Reﬁ1),/1,]0.4s7'__'_

Nu =366+ 1.2(D5/Dy)*® +
~* B Douple PIPeE 4 g o

i Py ooy pivs 4 P

- Soyie38
_ Se<es pavallel

@ stions for Exchangers without Fins

h.ﬂ.-{ P;’\‘a

R0 DressLe drdpin double-pipe exchangers is from
fluid friction in the straight sectiais oF piDe. Eor isothermal flow, this pressure
drop can be expressed in terms of tfie friction factor, 7 as:
v ey
< A‘D i E.Jlf‘j'V-'
Boericn it t = f —
28.:D;

[T %
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: P‘\;"_..'SSU.«C Mo P
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s R S pE
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where rsofierimt =t 3 s
G (G { dester \t.n-i&\ﬁ“‘

L= FJIDE Iength aueane feperadwd) .5 6 (._4-13:-;\\";4} secdion of PIPSA
| % A E Oy e HeasD -

l.lJ~ c.f st e 2D evmtur & <=

D= pipe ID of
p = fluid density

:I (1 = -
of wall C—‘b’\f)‘v"“ 2 ‘_-.i A flown vt A i
{

i J -
V. = average fluid velocity odn S

This equation can be written in terms of the mass flux, G, and tne speciic
gravity, s, of the fluid by making the substitutions V/=G/pand p =5 *p,....to

give: f LG2 (6)

AP = ————
Loy / 28 PwaterD;S

.....................
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rtes/Parallel Configurations of Hairpins

In order to meet
Convenient to dj
branches while |

Pressure drop constraints, it is sometimes
vide one stream into two or more parallel

e eaving the other stream intact.

} A
HIE T e
K= ‘

= Hairpins with annuli connected in series and

\ Raturn band housing 1
.

oy inner pipes connected in parallel.
Tu{fo hairpins connected in series = Although the flow is countercurrent in each
Gives pure counter current flow hairpin, the overall flow pattern is not true
ftrue counter flow)
counter flow.
Note: in particular that the temperature of the fluid enter : Povallel Xsexrez 3, L5
hairpin is different in the two cases. i

e Pl ) o () )=
Jo_haie Piv ) @) (e 5s0>
e = ES
To account for the departure from true cc : 22 v flcd 2 om0 & (ol
parallel configurations, the counter-floy SR R
temperature difference (LMTD) is multip..._. -, = __
factor, F, given by the following equations:

[ (R—x) "I n{(1=P)/(I-P "= obs e Gesade
= _ ey P =g s
*(R—1) | o (;’\’_;:_.} 4

R( — PR)\x B =65lus i S0 s Cparallel ) 4

A

. s otidwA edue TTenid
5 P —%) | et R,
5 a9
X(l—P)In[_m—f-x
P = (ty —ta)/(Ta— ta) et e oL R
R=(T,-Ty)/(h—ts) [CFORC .. SO AN
where

( ] H T_.'-- ]

z = number of parallel branches
T,, T: = inlet and outlet temperatures of
t,, ts = inlet and outlet temperatures of

d { '—_Lr.f&a:l







1e.150879and thatof antine s 1.022. Determine the number and con
















fluids, i.
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* Switch th
e fluj SR W S -
approximatell"\;(ﬁ Since the flow rates of the two streams are
€ssentially inyer elsame, the Reynolds numbers are
Sely proportional to the viscosity. Thus,

-?-:-0 =t Cav@clion fay el 2 I
o b sz — {Re,- — 83,217(0.55/2.0) = 23,000
P 0w dere ( Re, — 8212(2.0/0.55) = 30,000

Hence, switchi L,
T&ﬁ;ﬁﬂ%ﬂﬂdﬁnmt igrfgﬂy turbulent flow on both sides of the exchanger.
: € drops, assume irpi
change. Then the main factors affecting A?’sare f and st.hfliertnhcg,number Pkl

Re

|
AP ~f/s ~ Re—ﬂﬂlls-l j—- > fmx_ o an

APy — 6.1(23,000/83,000) 34 (1.022/0.879) L = 7psi

|

| AP, - 41.5(30,000/8200) 21 0.879/1.022) L & Alpsi =¥ w7 2

Tlearly, switching the fluids doesnot reduc ey
Onr )‘-"r“_t.a 2 S'{J\l'.'h ; G«Li‘ [CTRveR G“
( ‘25 LI, [

O 4

anilitt N conncechiord @ipt @b e
Porallel A o ¢ b ¢ pavallel

1 o =4
- e @ otlet D el
. b

Try method 2 oo

« Connect the annuli in two parallel banks. This change will have no effect
on the fluid flowing it the inner pipe. For the fluid in the annulus,
however, both the flow rate and the length of the flow path will be
halved. Therefore,

v o o 4 Re, — 8212 x 1/2 = 4100
e o< wa

Assuming that the number of hairpins does not change,

onile ¢ PSP Wes 13) 2 AP, ~
26pst > 1 PSE ps DP ‘\\,
APy, — 47.5(4100/8200) 2! (1/2)%(1/2) = Tpsi

=3¢
dification will take care of the pressure-drop

« Apparently this mo
ush the Reynolds number further into the transition

problem, but will p

region.
« Although neither modification by itself will correct the problems with
the initial design, in combination they might. Hence, we consider a third

alternative.









* Tube-side pressure drop

(ay sl e : f!lpLGz

S ey, ae

| | sssturbulent
/ e s . : 64 f = 0.4137Re "
E :Egy ﬁ-.cuo(:gactor (dimensionless) | f=z Lamina r[J/ 0.4137 Re Re >3000

G =mass flux (Ibm/h - ft2) —
D; =tube ID (i)

§ =1luid specific gravity (dimensionless) SR e

¢ = viscosity correction factor (dimensionless) tube o - A
= (1/12w)®™ for turbulent flow = =S G s
= (M/u.)o'zs for laminar flow headJe v 43 e gin o= = i~

Note the effect of num ber of tube passes, 7,

Hozzlelsi=

ESE.

ard=sie | AP, = 1.334 x 10713 rGZ/ §

number of

s g .
See table to get it.

Number of Velocity Heads, a,,Allocated for Minor
Losses on Tube Side

Flow regime Regular tubes U-tubes
Turbulent 24, — 1.5

Laminar, Re > 500 3.25m,— 1.5

Nozzle pressure loss

No. of shells

E= 0-1307 (2
5« s BB [07"*NsG,/s (turbulent flow)

QPH_

Tee 4 goPudve vou 10~8N;G2/s  (laminar flow, Re, > 100)
(allovance ) @«4 e

%e, are the mass flux and Reynolds number




S

hell-side pressure drop

_ [Gdmat) [

O-E 5523

AP; —
7= 750 x 102459

WhEre S
S =friction factor (dimensionless)

G =mass flux = s /a; (Ibm/h - ft%)
a; = flow area across tube bundle (ft?)
=4 C’'B/(144Pp)
d; =shell ID (in))
C’ =clearance (in.)
B = baffle spacing (in.)
P = tube pitch (in.); replaced by Pr/+/2 for 45° tube layout
np — number of baffles
d, = equivalent diameter from Figure 3.12 (in.)
s = fluid specific gravity
¢ = viscosity correction factor = (j/pts) "
APr = pressure drop (psi)

» The ?wc\ioﬂ Soicdor Pmc-\.m

oY

- Re

8 > beffle spuce

' the following figure

el '
NON B:d" L |
\\ \‘\~ 1 I 5 dﬁ = 8.07 !I'L.
s et S u aralaaln,
2 =S % / d, =237 in.
(:5 — o d. = 42 in.
B e 44
§ Ny "‘:"\ =
c Y ‘:\\ o
: NS
& 0.001 —f —
B=02 dsj -:/ ~ ui —
d,=8.07in. = e
dy=15 L in. o F HHD
d;=23 7 in.
and larger
s B ek
; 5 100 1000 10,000 100,000 1,000,000

Re = D, Glu

; Ze 5 ;i
AToins Tasmoa in the nrevions Eanation valnes framithic fimara mainoklaa
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Design Guidelines N T

cj&g;m\.\ = & b =

* Fluid placement
**as given before. Tl

(T .

’o*corr05|on and foulin% very important factors that affect the
fluid placement. Corrosive fluids should be placed on the
tUbe Side. J";%jé =g A yol >S5t Eou‘hw‘&‘l:\ CoAOSION e el Bowy %

**Fluids that are heavy fouler should be placed on the tube side
because it is (usually) easier to clean deposits from the
interior surfaces of the tubes than from the exterior surfaces.

**Cooling water is usually placed in the tubes due to its
tendency to corrode carbon steel and to form scale, which is
difficult to remove from the exterior tube surfaces.

**See text for details.

Caoari OV

* Tubing selection :
»The most frequently used tube sizes are 3/4 and 1in.
> For water service, 3/4 in., 16 BWG tubes are
recommended.
> For oil (liquid hydrocarbon) service, 3/4 in., 14 BWG
tubes are recommended if the fluid is non-fouling, while
lin., 14 BWG tubes should be used for fouling fluids.

>Tube lengths typically range from 8 to 30 ft, and
sometimes longer depending on the type of
construction and the tubing material.

>A good value to start with is 16 or 20 ft.
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Note 2

« Experimental values of the conveciive coefficient
can be as much as 20 % higher than those
predicted by eq. (8) for laminar flow: -
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2 i) h yemwe 5 55 N o Pevenant o






































































































‘Recalculate Example 1 for "
- radiation plus natural convection to the B8

G b b My oo 84 6 By
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Note: Simplified Equations for Natural Convection from

GRS el Various Surfaces : s
= ha Equation 58 I |
g .- |r| : h = btufh-fi*-°F h=W/m?-K |

/S L=fi, AT =°F L=m AT = K

S Physical Geometry N N D=ft D=m

Air at 101.32 kPa (1 atm) abs pressure
Vertical planes and 10%-10? h = 0.28(AT/L)"* h = 1.37(AT/L)'/*
cylinders = 10? h=018AT)'> h=124 AT'?
Horizontal cylinders 103-10° h = 0.27(AT/D)""* h = 1.32(AT/D)"*
> 10° h=0.18(AT)"* h =124 AT'?
Horizontal plates : - e
Heated plate facing 10°-2 x 107 ' h=027AT/L)'"* h = 1.32(AT/L)"
upward or cooled 2 x 107-3 x 10'° h=022(AT)'”  h=1.52 AT
plate facing
downward : e i
Heated plate facing 3 x 10°-3 x 10'° h = 0.12(AT/L)*** h = 0.59(AT/L)
downward or
cooled plate
facing upward
Water at 70°F (294 K)
Vertical planes and 10*-10° h=26(AT/L)"* | h=121(AT/ L
: cylinders _
B - Organic liquids-at TOPFI94IKIN & = -2 =2
Vertical planes and 10*-10° = 12(AT/L)Y* b= SHAT/L)
cylinders |
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