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Heat Exchangers (HXs) - Introduction

Heat Exchangers

Heat exchangers are devices that promote heat exchange between two

�uids that are at di�erent temperatures, preventing at the same time

their mixing.

The hot and cold �uid streams are separated by wall or are provided to

the heat exchanger at di�erent time instants (static-type regenerative).

Applications

• Power production

• Air-conditioning

• Waste heat recovery

• Chemical process industry

Heat Exchangers (Computational Laboratory IV) - 2 of 25



Types of Heat Exchangers (1/2)
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Types of Heat Exchangers (2/2): Shell-and-Tube HX
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Temperature Distributions in Concentric Tube HXs

Parallel-Flow Heat Exchanger Counter�ow Heat Exchanger

T - Temperature; C - heat capacity rate (= ṁcp); h - hot �uid; c - cold
�uid; i - inlet; o - outlet.
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Heat Exchanger Analysis and Methods

Heat Exchanger Design (LMTD or ε-NTU methods)

Determination of the heat exchanger type and size (A - total heat transfer surface
area) for prescribed:

• hot and cold mass �ow rates (ṁh and ṁc);

• inlet temperatures of the hot and cold �uid streams (Th,i and Tc,i );

• desired outlet temperature for the hot or cold �uid (Th,o or Tc,o).

Heat Exchanger Performance (ε-NTU method)

Determination of the rate of heat transfer (q) and �uid outlet temperatures (Tc,o

and Th,o) for prescribed:

• heat exchanger type;

• heat exchanger size (A);

• hot and cold mass �ow rates (ṁh and ṁc);

• inlet temperatures of the hot and cold �uid streams (Th,i and Tc,i ).
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Total Heat Transfer Rate

The total heat transfer rate from
the hot to the cold �uid stream
can be obtained by performing an
overall energy balance for the hot or
cold �uids.

• For the hot �uid stream:

q = ṁhcp,h︸ ︷︷ ︸
Ch

(Th,i − Th,o)

• For the cold �uid stream:

q = ṁccp,c︸ ︷︷ ︸
Cc

(Tc,o − Tc,i )

The total heat transfer rate can also
be obtained through a modi�ed
form of the Newton's Law of
cooling as follows†:

q = UA∆Tlm

where,
U - overall heat transfer coe�cient;
A - total heat transfer surface area;
∆Tlm - Log mean temperature
di�erence (LMTD). Equivalent to a
mean temperature di�erence
between two �uids for the entire
heat exchanger.

†This procedure to evaluate q corresponds

to the LMTD Method.
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Log Mean Temperature Di�erence: Single-Pass Heat
Exchangers (Concentric Tube and Shell-and-Tube)

∆Tlm =
∆T1 −∆T2

ln (∆T1/∆T2)

∆T1 = Th,1−Tc,1 =

{
Th,i − Tc,i PF HX
Th,i − Tc,o CF HX

∆T2 = Th,2−Tc,2 =

{
Th,o − Tc,o PF HX
Th,o − Tc,i CF HX

For speci�ed inlet and outlet

temperatures (Th,i ,Tc,i ,Th,o and Tc,o)
the log mean temperature di�erence for a
counter�ow heat exchanger is always
greater than that for a parallel-�ow heat
exchanger, i.e., ∆Tlm,CF > ∆Tlm,PF.
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Log Mean Temperature Di�erence: Multipass
Shell-and-Tube and Cross-Flow Heat Exchangers (1/2)

• The LMTD as de�ned previously is limited to concentric tube HXs and
single-pass shell-and-tube HXs.

• For multipass and cross-�ow heat exchangers a mean temperature
di�erence can also be de�ned as a function of the LMTD for a
counter�ow HX as follows:

∆Tlm,c = F∆Tlm,CF

where F is a correction factor that depends on the HX type and the
inlet and outlet temperatures.

• F = f (HX geometry,P,R) and is commonly given in charts. P and R

are the following temperature ratios:

P =
t2 − t1

T1 − t1 R =
T1 − T2

t2 − t1
=

(ṁCp)
Tube side

(ṁCp)
Shell side

• F ≤ 1
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Log Mean Temperature Di�erence: Multipass
Shell-and-Tube and Cross-Flow Heat Exchangers (2/2)

• P = t2−t1
T1−t1

◦ 0 ≤ P ≤ 1

• R = T1−T2

t2−t1

◦ 0 ≤ R ≤ ∞
◦ R = 0 - Phase

change on the
shell side

◦ R →∞ - Phase
change on the
tube side

• F = 1 for a condenser
or a boiler
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Overall Heat Transfer Coe�cient
• For a �nned surface with a layer of deposits

that represents an additional heat transfer
resistance (R ′′f ) the total heat transfer
resistance is given by:

Rt,total =
1

UA
=

1

UcAc

=
1

UhAh

=

1

(η0hA)
c

+
R ′′f ,c

(η0A)
c

+ Rw +
R ′′f ,h

(η0A)
h

+
1

(η0hA)
h

• For an un�nned concentric tube HX
without fouling (clean surfaces) the
overall heat transfer coe�cient can be
obtained as follows

1

UA
=

1

UiAi

=
1

UoAo

=

1

(hA)
i

+
ln (Do/Di )

2πkL︸ ︷︷ ︸
Rw

+
1

(hA)
o
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E�ectiveness-NTU Method (1/3)

1. The heat transfer e�ectiveness
(ε) is de�ned as:

ε =
q

qmax

where q is the actual rate of
heat transfer and qmax is the
maximum possible heat
transfer rate give by:

qmax = Cmin (Th,i − Tc,i )

Cmin corresponds to the
minimum heat capacity rate as
follows:

Cmin = Min (Ch,Cc)

2. For each exchanger the heat
transfer e�ectiveness can be
obtained through proper relations:

ε = f

(
NTU,

Cmin

Cmax

)
NTU corresponds to the number
of transfer units and is given by:

NTU =
UA

Cmin

3. NTU can be obtained through
relations of the form:

NTU = f

(
ε,
Cmin

Cmax

)
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E�ectiveness-NTU Method (2/3)
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E�ectiveness-NTU Method (3/3)

• For performance calculations, e�ectiveness
relations (ε = f (NTU,Cr )) are employed
whereas for design purposes, NTU relations
(NTU = f (ε,Cr )) are considered.

• For a boiler or condenser (Cr (= Cmin

Cmax
) = 0)

ε is independent of the heat exchanger type
and �ow arrangement, i.e., all heat
exchangers have the same e�ectiveness
value.

• For Cr > 0 and NTU & 0.25 the
counter�ow heat exchanger is the most
e�ective.

• For any HX Cr = 0 and Cr = 1 corresponds
to the maximum and minimum
e�ectiveness values.
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Exploring the Software - The Interface (1/2)
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Exploring the Software - The Interface (2/2)
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Exploring the Software - Design Problem (1/4)

A heat exchanger is to be designed to cool ethyl alcohol solution from

75 ◦C (Th,i ) to 45 ◦C (Th,o) with cooling water entering the tube side

at 15 ◦C (Tc,i ). The heat capacity rates (C = ṁ.cp) for the hot �uid

and cold �uid are 30 kW.K−1 and 40 kW.K−1, respectively. Consider

that the overall heat transfer coe�cient (U) based on the outer tube

surface is equal to 500W.m−2.◦C−1.

Determine the total heat transfer surface area required for each HX

type:

(a) Parallel-�ow heat exchanger;

(b) Counter�ow heat exchanger;

(c) shell-and-tube heat exchanger with three shell passes and six tube

passes.
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Exploring the Software - Design Problem (2/4)

(a) Parallel-�ow HX
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Exploring the Software - Design Problem (3/4)

(b) Counter�ow HX
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Exploring the Software - Design Problem (4/4)

(c) Shell-and-tube HX with 3 shell passes and 6 tube passes
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Exploring the Software - Performance Calculation (1/4)

A shell-and-tube HX with two shell passes and four tube passes is

cooling 1.5 kg.s−1 of oil initially at 90 ◦C with water entering at 19 ◦C
with a mass �ow rate of 1.0 kg.s−1. Consider UA = 6300W.K−1,

cp,h = 2100 J.Kg−1.K−1 and cp,c = 4180 J.Kg−1.K−1. Determine the

heat transfer rate and the outlet oil and water temperatures.

The heat capacity rates of the hot and cold �uid streams, Ch and Cc ,

respectively are:

Ch = ṁhcp,h = 1.5× 2100 = 3150W.K−1

Cc = ṁccp,c = 1.0× 4180 = 4180W.K−1
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Exploring the Software - Performance Calculation (2/4)
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Exploring the Software - Performance Calculation (3/4)
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Exploring the Software - Performance Calculation (4/4)
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Useful Relations

1. Overall Energy Balance:

◦ Hot Fluid
q = Ch (Th,i − Th,o)

◦ Cold Fluid
q = Cc (Tc,o − Tc,i )

2. Log Mean Temperature
Di�erence (LMTD) Method:

◦ q = UA∆Tlm

◦ For Multipass and cross-�ow
HXs

∆Tlm,c = F∆Tlm,CF

⇒ F =
q

qlm

3. E�ectiveness-NTU Method:

ε =
q

qmax

qmax = Cmin (Th,i − Tc,i )

Cmin = Min (Cc ,Ch)

NTU =
UA

Cmin

ε = f (NTU,Cr )

NTU = f (ε,Cr )

◦ Cr = Cmin/Cmax - Heat capacity
ratio

◦ C = ṁ.cp - Heat capacity rate
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