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Techniques of Heat Transfer Enhancement
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Table4-2 Summary of the Criterio
Basic Geometry Fixed, Flow Rate Fixed—Increase Heat Transfer
h g
R=(5) -
Y\ By Jp LNy, T e o
Basic Geometry Fixed, Pressure Drop Fixzed -Inerease Heat Transfer
h = qa = 3 2 =
Re= <T>D,,L,N Ap, Ty 4T 4, s 4f(L/D' Jov /2 =const
f, Rel=0.046Re,'*®
Re., =(21 7 fa Reaz)o.sss

Basic Geometry Fixed, Pumping Power Fizxed-Increase Heat Transfer

h ' —4s — 2
Re= <h )p,,L,N,P Ty AT 9o P=NV 44f(L/D)pV"/2
A, foRei=4,,0.046 Rel*®
Rz <R3 <R1 ea = { 21 7 (Axa/Axa)fa R’ea3 }0.351
Basic Geometry Fixed, Heat Duty Fixed —Reduce Pumping Power
faRe, Ay

R4=<f’a> R‘ =Ts i
?'_ D;y Ly N, a, Tjpy AT fo Re, Ay,

Heat Duty Fixed, Pumping Power Fixed~Reduce Exchanger Size
0.023Rel*® _0.046 Re,***D;

R5=<-A—1> =ﬂ é& f,,Re, 3 :ﬂz =
4, a0, Py Djy Tip, 4T b Ao fo Rea e Pa Nua/Pro" Ja Rea3 De

_ (0.5 f, Re2 Dy\%*
Re, = < D; Nu,/Pr®* )

Heat Duty Fixed, Pressure Drop Fixed-Reduce Exchanger Size
_hy  L,_hN, 0.023Re*, N,

(4 _h Nyb Ly
R°‘<A',’,>q,4p,[, S ﬁLNb L= Lo b~ B N.No/Pro*
L, _foRel _0.046 Rej*
L f,Re; f.Rei
5N, 0.5 f, Re;

Re,= B, N Nuy/Pro+

Heat Duty Fixed, Flow Rate Fixed—-Reduce Exchanger Size

h N, A
R :(_AL) =_10_ =Re a2 x2
! Ao a, W Djy Tipy AT ha Reo G No A:w
R1<Rs<Rs

Heat Duty Fixed, Flow Rate Fixed, Pressure Drop Fixed-Reduce Exchanger Size

0.5f, Re? Dm>o-s

A,) hy (
a B =
ha €=\ D;Nu,/Pr'*

m=(7)
s An qy Wy APy D;, Tiyy AT




270/

NOMENCLATURE for Table 4-2.
A : Surface area for heat transfer, m?
Ay Cross-sectional flow area of a tube,

m2

b Wetted perimeter, m
D : Diameter, m
D Tube hydraulic diameter, m

e
Di Nominal diameter of tube, m
e Protrusion height, m
f Friction factor, based on nominal
diameter
h : Heat transfer coefficient, based on
nominal area, W/m2°C
L : Tube heated length, m
N : Number of tubes in a shell-and-tube
heat exchanger
P :  Pumping power, W
Ap : Pressure drop, N/m?
q  : Rate of heat transfer, W/m?
R 1 Performance ratio, defined according
to Eq. 2, etc.
R, : External thermal resistance, °C/W
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Protrusion spacing, m

w

T : Temperature, °C

AT : Average temperature difference for
heat exchanger (usually log mean),
°C

U Overall coefficient of heat transfer,
W/m?°C

A% Average velocity, m/s

w Fluid mass flow rate, kg/s

M Dynamic viscosity, kg/s m

p Density, kg/m?3

Dimensionless Groups

i . Heat transfer factor = St Pr*/3

Nu : Nusselt number=h Di/k

Pr : Prandtl number = c u/k

Re : Reynolds number=pV Di/;z

St : Stanton number = Nu/Re Pr

Subscrips

a . Augmentative data

in : Condition at inlet of channel -

o 1 Non-augmentative data
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Table4-3 Summary of Methods Used For Comparison of Heat Exchanger Syrface Performance®’

Reference Comparison Methods/Plots Comments

Direct Comparison of j and f

a. Norris (8) 7 =j/(f/2) vs. Re Ideal efficiency n = 1 is based on the
Reynolds analogy in which f consists
of skin friction only, and Pr = 1. For
most surface < 100%.

b. London (9) j/fvs.Re This is the area goodness factor com-
parison method discussed in the text.

c. Bergwerk (10)  1/j. (£/)'* and (£/j)*/? vs. The ordinates of these plots are propor-
(/)1 Re tional to the flow length, free flow area
and heat transfer area respectively. The
abscissa is proportional to Ny, Ap*
and W. Area and volume goodness factor
comparisons described in the text are
more direct and simple.

Comparison of Heat Transfer as a Function of Fluid Pumping Power

d. Colburn (11) (h/c, P23 vs. ep? As fluid properties and Dy, are treated
p . .
constant in this method, a plot of hy4q
vs. B¢y q would be a more direct approach.

e. London and hgiq vs. Egigq This is the volume goodness factor
Ferguson (12) comparison method discussed in the text.
The hydraulic diameter is kept constant
for this comparison method.

f. Kaysand hg 4B vs. Egi 48 This method is similar to the preceding
London (13) one, but for actual surfaces having
different Dy, Refer to the text.

g. Jenssen (14) hvs. J = Ap/(At, /Aty ) Jenssen comparison figure J is a
= Ap/Ny, = pcpE/h measure of fluid pumping power per
unit surface area to obtain the required
heat transfer coefficient. The present
author, however, believes that h vs. E
has more clear physical meaning.

Miscellaneous Comparison Methods

h. Hobson and hvs.Re;hvs. G; These plots provide the comparison of
Weber (18) hA vs. G; hA/V vs. G; and pressure drop characteristics indivi-
Ap vs. G; dually. They do not provide a direct
hA/Ap vs. G. comparison of heat transfer relative to

the friction characteristics.
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Table4-4 Relative performance for rough tubes with specified wall temperoture

Case Description Constraints Paraﬂrnettiarrl‘t :rfe " Relative (nétis)s velocity
A | Reduced surface area % =—g—s =1 %, = (Jsf/[s;%;—; G*= —ng;/—g;s))%—%
B |Increased heat transfer % =% =1 %—s = (i;/f)tg G* - /77,
C |Reduced friction power| & =4=1 %: (th/'%a- G* = st/st,
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