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Flow Arrangement
parallel-flow counterflow

cross flow

unmixed mixed

Heat Exchanger Types



Type of Construction
shell-and-tube heat exchanger

one shell pass and one tube pass 
(cross-counter mode of operation)



one shell pass and two tube passes 

two shell passes and four tube passes 



Compact Heat Exchanger
Fin-tube

Plate-fin 

flat tubes, 
continuous plate fins

circular tubes, 
continuous plate fins

circular tubes, 
circular fins

single pass multi-pass



hot fluid, Th

cold fluid, Tc

fR′′ : fouling factor (fluid impurities, rust formation, reaction)

oη : temperature effectiveness or overall surface efficiency 

Overall Heat Transfer Coefficient
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ηf : fin efficiency

temperature effectiveness or overall 
surface efficiency 
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Overall heat transfer coefficient 
for the unfinned, tubular heat exchangers

i : inner surface, o : outer surface 
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Assumptions:
• The heat exchanger is insulated from 

surroundings.
• Axial conduction along the tubes is

negligible.
• The fluid specific heats are constant.
• The overall heat transfer coefficient is

constant.

Heat Exchanger Analysis: LMTD Method



Parallel-flow Heat Exchanger
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Counterflow Heat Exchanger
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a) Ch >> Cc or a condensing vapor (Ch→∞ ) 

Special Operating Conditions
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b) Ch << Cc or an evaporating liquid (Cc→∞ ) 

c) Ch = Cc
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Multipass and Cross-flow Heat Exchangers

F: correction
factor

CF: counterflow
condition

lm lm,CFT F TΔ = Δ
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Δ = − Correction factor for a shell-and-tube 
heat exchanger with one shell and 
any multiple of two tube passes



Correction factor for a shell-and-tube heat exchanger with 
two shell passes and any multiple of four tube passes



Correction factor for a single-pass, cross-flow heat 
exchangers with both fluid mixed



Correction factor for a single-pass, cross-flow heat exchangers 
with one fluid mixed and the other unmixed



Example 11.1

Find: 
Tube length to achieve a desired hot fluid outlet 
temperature

Assumption: 
Negligible tube wall thermal resistance and fouling 
factors
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hi : water flow in a circular tube

Dittus-Boelter equation
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ho : oil flow through an annulus
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The annular flow is therefore laminar. The convection 
coefficient at the inner surface may be obtained from 
Table 8.2 with Di/Do = 0.56. 
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The overall convection coefficient is then
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Effectiveness of a Heat Exchanger
Useful when only the inlet fluid temperatures are known

counterflow heat exchanger with infinite length

Th,i

Th,o = Tc,i

Th,i = Tc,o

Tc,i

maximum 
possible 
temperature 
difference Th,o

Th,i

Tc,o

Tc,i

maximum 
possible 
temperature 
difference

Heat Exchanger Analysis: ε-NTU Method



Temperature variation in the low 
temperature fluid is large.
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Temperature variation in the high 
temperature fluid is large.

Th,i

Th,o = Tc,i

Tc,o

maximum 
possible 
temperature 
difference

dq

when h cC C<

,h h c cdq C dT C dT= − = h cdT dT>

( ) ( ) ( )max , , min, , , ,h h i ch h i i h i c ih oC T Tq C T T C T T= − = −= −



in either case
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Effectiveness-NTU Relations
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Heat Exchanger Effectiveness Relations 



Effectiveness of a parallel flow 
heat exchanger 

Effectiveness of a counter-flow 
heat exchanger 



Effectiveness of a shell-and-
tube heat exchanger with one 
shell and any multiple of two 
tube passes

Effectiveness of a shell-and-
tube heat exchanger with two 
shell passes and any multiple 
of four tube passes



Effectiveness of a single-pass, 
cross-flow heat exchanger 
with both fluids unmixed

Effectiveness of a single-pass, 
cross-flow heat exchanger 
with one fluid mixed and the 
other unmixed



Example 11.3

Find: 
Required gas side surface area

finned-tube, cross-
flow heat exchanger

both fluids unmixed

gas

water

2100 W/m KhU = ⋅

,h iT

,c iT ,c oT

,h oT



or Fig. 11.18
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This problem can also be solved by LMTD method.
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• heat exchanger design 
LMTD, ε-NTU

• heat exchanger performance analysis 
mainly by ε-NTU

Methodology of HX Calculation



water

steam

Example 11.5

Find: 
1) Outlet temperature of the cooling water
2) Tube length per pass to achieve required heat

transfer

steam

water

Tube data

2
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0.025m
11,000 W/m K
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=
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= ⋅
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length/pass
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92 10 Wq = × ,h iT
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cm
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Using the LMTD method
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water: ( )27 CcT ≈ °
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hi :
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Using ε-NTU method

water

steam
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Geometric parameters
Aff: minimum free-flow area

of the finned passage
Afr: frontal area
σ = Aff/Afr

Dh: hydraulic diameter of the flow passage
α: heat transfer surface area per total heat

exchanger volume
Af/A: the ratio of fin to total heat transfer 

surface area

Compact Heat Exchangers
A large heat transfer area per unit volume
One of the fluid: gas



Colburn j factor:
2 / 3St Pr ,  St /H pj h Gc= =

fr
max

ff

VAG V
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ρρ≡ =

ff fr

m m
A Aσ
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Re hGD
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Heat transfer and friction factor for a circular tube-circular fin 
heat exchanger, surface CF-7.0-5/8J



Heat transfer and friction factor for a circular tube-continuous 
fin heat exchanger, surface 8.0-3/8T



Example 11.6

combustion 
gas

water

surface CF-7.0-5/8J

Find: 
1) Gas-side overall heat transfer coefficient 
2) Heat exchanger volume

Assumption: 
Gas has properties of atmospheric air at an assumed
mean temperature of 700 K.

1.25kg/shm =

, 825Kh iT =
2

fr 0.20mA =
13.8mmiD =

21500 W/m Ki ch h= = ⋅

, ,290K,  370Kc i c oT T= =
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2

fr 0.20mA =

combustion 
gas water

surface CF-7.0--5/8J
13.8mmiD =

21500 W/m Ki ch h= = ⋅

, ,290K,  370Kc i c oT T= =
1 kg/scm =



1) Gas-side overall heat transfer coefficient
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⎛ ⎞
≈ −⎜ ⎟

⎝ ⎠
( )13.8 1 0.830 0.143

16.4
c

h

A
A

→ ≈ − =

Fin area/total area, 
Af /A = 0.830

16.4mmoD =

13.8mmiD =



( )ln /
,

2 /h
o i

h
w

D D
R

Lk
A

Aπ
= c

c i
i

AA D L L
D

π
π

= → =

( )
( )

5 2ln /
3.51 10 m K/W

2 /
i o i

c h

D D D
k A A

−= = × ⋅

Re ,hGD
μ

=
ff fr

h hm mG
A Aσ

= =

2
fr1.25kg/s,  0.20m ,  0.449hm A σ= = =

213.9kg/s m= ⋅

2 3

7

13.9kg/s m 6.68 10 mRe 2740
338.8 10 kg/s m

hGD
μ

−

−

⋅ × ×
= = =

× ⋅

6.68 mm,hD =

aluminum  ( )300KT ≈ 237 W/m Kk = ⋅

air  ( )1atm, 700Kp T= = 7 2338.8 10 N s / mμ −= × ⋅

hh:



0.0096Hj =

Re 2740=



0.0096,Hj = 2/ 3St Pr ,  St /H h pj ch G= =

air  ( )1atm, 700Kp T= = Pr 0.695=

2 / 30.0096 183 W/m K
Prh

ph
Gc

= = ⋅
16.4mmoD =

13.8mmiD =

0.254mmt =

, :o hη

( ), 1 1 0.91fo
f

h

A
A

ηη = − − =

2 1/ 1.75cr r =

2 14.38mmcr =
6 21.57 10 mpA −= ×

( )1/ 23 / 2 / 0.34c h pL h kA =

0.89fη ≈



2) Heat exchanger volume

( )
2

,

1 1 1 0.0107m K / W
/ h w

h c c h o h h

A R
h A A hU η

= + + = ⋅

293.4 W/m KhU = ⋅

h

V
Aα =

hV A
α

=

min

NTU h hA
C
U

=

( )max min , ,h i c iT
q

T
q

q C
ε = =

−



1.25kg/shm =

, 825Kh iT =
2

fr 0.20mA =

combustion 
gas water

surface CF-7.0--5/8J
13.8mmiD =

21500 W/m Ki ch h= = ⋅

, ,290K,  370Kc i c oT T= =
1 kg/scm =

, 1kg/s 4184J/kg K 4184 W/Kc c p cC m c= = × ⋅ =

, 1.25kg/s 1075J/kg K 1344 W/Kh h p hC m c= = × ⋅ =

min 1344 W/KhC C= =

( ) 5
, ,- 3.35 10 Wc c o c iTq C T= = ×

( ) 5
min ,m ,ax 7.19 10 Wh i c iC T Tq = − = ×

max

0.466,q
q

ε = = min

max

0.321r
CC
C

= =



max

0.466,q
q

ε = =

min

max

0.321r
CC
C

= =

0.466ε =

NTU 0.65≈



min

NTU 0.65hhU
C

A
= ≈

2min
2

NTU 1344 W/K 0.65 9.35m
93.4 W/m Kh

h
C

U
A ×

= = =
⋅

,hV A
α

= 2 3269m /mα =

2
3

2 3

9.35m 0.0348m
269m /m

hAV
α

= = =


