
Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 

classification of heat exchangers, overall heat transfer 
coefficient in HEX, HEX design: Kern method, NTU 

analysis, compact HEX

Process Heat Transfer

Lec 11: Heat Exchanger Design

Dr. Zayed Al-Hamamre

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 
5-2

 Heat exchangers are devices that facilitate the exchange of heat between two fluids

that are at different temperatures while keeping them from mixing with each other.

 Heat exchangers are commonly used in practice in a wide range of applications,

from heating and air-conditioning systems in a household, to chemical processing

and power production in large plants.

 The prime objective in the design of an exchanger is to determine the surface area

required for the specified duty (rate of heat transfer) using the temperature

differences available.

Introduction
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 Heat transfer in a heat exchanger usually involves convection in each fluid and

conduction through the wall separating the two fluids
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 For heat exchange across a typical heat exchanger tube the relationship between the

overall coefficient and the individual coefficients, which are the reciprocals of the

individual resistances, is given by:
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 The magnitude of the individual coefficients will depend on the

o nature of the heat transfer process (conduction, convection, condensation, boiling

or radiation),

o physical properties of the fluids, o

o fluid flow-rates,

o physical arrangement of the heat-transfer surface.

 As the physical layout of the exchanger cannot be determined until the area is

known the design of an exchanger is of necessity a trial and error procedure.
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Cylindrical Geometry (Tubes)
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Overall heat transfer coefficient

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 
5-10



Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 
5-11

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 
1/29/2016Footer Text 5-12



Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 
5-13

Overall heat transfer coefficient
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Parallel flow Heat Transfer

 both the hot and cold fluids enter the
heat exchanger at the same end and
move in the same direction
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But
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Counter Current Heat 
Transfer

 the hot and cold fluids enter the heat
exchanger at opposite ends and flow in
opposite directions
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Counter Current Heat Transfer
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Counter Current Heat 
Transfer
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Multi-pass and Cross-Flow Heat Exchangers
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Cross-flow heat transfer
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Correction Factor
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Correction Factor
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Correction Factor
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Correction Factor
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Tubular Exchangers

Double-pipe heat exchanger

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 
5-40

Shell and Tube Heat Exchangers
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1. Fixed-tube plate
2. U-tube
3. Internal floating head without clamp ring
4. Internal floating head with clamp ring
5. External floating head, packed gland
6. Kettle reboiler with U-tube bundle

Types of shell and tube exchanger

Advantages
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The main disadvantages of this type are that
o the tube bundle cannot be removed for cleaning and
o there is no provision for differential expansion of the shell and tubes.
o As the shell and tubes will be at different temperatures, and may be of different

materials, the differential expansion can be considerable
o the use of this type is limited to temperature differences up to about 80oC

Fixed-tube plate

The U-tube (U-bundle) type
o requires only one tube sheet and
o It is cheaper than the floating-head types; but is limited in use to relatively clean

fluids as the tubes and bundle are difficult to clean.
o It is also more difficult to replace a tube in this type.

Exchangers with an internal floating head,
oThey are more versatile than fixed head and U-tube exchangers.
oThey are suitable for high-temperature differentials
oas the tubes can be rodded from end to end and the bundle removed, are easier to

clean and can be used for fouling liquids.
oThere will always be a danger of leakage occurring from the internal flanges in these

floating head designs
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External floating head designs,
o the floating-head joint is located outside the shell, and the shell sealed with a

sliding gland joint employing a stuffing box.
o Because of the danger of leaks through the gland, the shell-side pressure in this

type is
o usually limited to about 20 bar, and flammable or toxic materials should not be

used on the shell side.
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Number of Tubes 

• The flow rate inside the tube is a function of the density of the 
fluid, the velocity of the fluid, cross-sectional flow area of the 
tube, and the number of tubes. 

By using above Eq.  and replacing  Ac by di
2/4, number of tubes 

can be calculated as 

2
itt

tube
t du

m
N






tctttube NAum 

where di is the tube inside diameter. 
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Tubes in Shell and Tube Hx

 The number and size of tubes in an exchanger depends on the
o Fluid flow rates
o Available pressure drop.
 The number and size of tubes is selected such that the

o Tube side velocity for water and similar liquids ranges from
o 0.9 to 2.4 m/s.
o Shell-side velocity from 0.6 to 1.5 m/s.
o The lower velocity limit corresponds to limiting the fouling, and 

the
o upper velocity limit corresponds to limiting the rate of erosion.
 When sand and silt are present, the velocity is kept high enough to 

prevent settling.
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Number of Tubes Vs Reynolds Number
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Number of Tubes Vs Heat Transfer Coefficient
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Tube Layout

• Triangular pitch (30o layout) is better for heat transfer and 
surface area per unit length (greatest tube density.)

• Square pitch (45 & 90 layouts) is needed for mechanical 
cleaning.

• Note that the 30°,45° and 60° are staggered, and 90° is in line.
• For the identical tube pitch and flow rates, the tube layouts in 

decreasing order of shell-side heat transfer coefficient and 
pressure drop are: 30°,45°,60°, 90°.

• The 90° layout will have the lowest heat transfer coefficient 
and the lowest pressure drop.

• The square pitch (90° or 45°) is used when jet or mechanical 
cleaning is necessary on the shell side. 
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Tube Layout & Flow Scales

A Real Use of Wetted Perimeter !
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Tube Outside Diameter
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Tube Length
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Tube Length
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Tube Passes
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Tube Pitch

 Tube pitch Pt is chosen so that the pitch ratio is 1.25 < PT/do < 1.5.

 When the tubes are to close to each other (PT/do less than 1.25), the

header plate (tube sheet) becomes to weak for proper rolling of the

tubes and cause leaky joints.
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Tube Pitch

• Tube layout and tube locations are standardized for industrial heat 

exchangers.

• However, these are general rules of thumb and can be “violated” for 

custom heat exchanger designs.
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Equivalent Counter Flow : Hydraulic or Equivalent Diameter

 The shell-side equivalent diameter is calculated along
(instead of across) the long axes of the shell and therefore
is taken as four times the net flow area as layout on the tube
sheet (for any pitch layout) divided by the wetted perimeter.

rerperimeteheattransf
De

area flow-FreeNet 
4



Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 

Equivalent diameter for square layout:
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Equivalent diameter for Triangular layout:
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 The shell diameter must be selected to give as close a fit to the tube bundle as is

practical, to reduce bypassing round the outside of the bundle;

 The clearance required between the outermost tubes in the bundle and the shell

inside diameter will depend on the type of exchanger and the manufacturing

tolerances; typical values are given in Figure 12.10.
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• Baffles are used in the shell to direct the fluid stream across the tubes, to increase
the fluid velocity and so improve the rate of transfer.



Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 
1/29/2016Footer Text 5-73

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 
1/29/2016Footer Text 5-74



Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 
1/29/2016Footer Text 5-75

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 
1/29/2016Footer Text 5-76



Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 
1/29/2016Footer Text 5-77

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 
1/29/2016Footer Text 5-78



Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 
5-79

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 
1/29/2016Footer Text 5-80



Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 
1/29/2016Footer Text 5-81

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 
1/29/2016 5-82



Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 
1/29/2016Footer Text 5-83

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 
1/29/2016 5-84



Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 
1/29/2016Footer Text 5-85

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 
5-86

Design Procedure-Kern Method
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GENERAL DESIGN CONSIDERATIONS
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Pumping Power
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Roadmap To Increase Heat Transfer

• Increase heat transfer coefficent
• Tube Side

o Increase number of tubes
o Decrease tube outside diameter

• Shell Side
o Decrease the baffle spacing
o Decrease baffle cut

• Increase surface area
o Increase tube length
o Increase shell diameter à increased number of tubes
o Employ multiple shells in series or parallel

• Increase LMTD correction factor and heat 
exchanger effectiveness
o Use counterflow configuration
o Use multiple shell configuration
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Roadmap To Reduce Pressure Drop

• Tube side
o Decrease number of tube passes
o Increase tube diameter
o Decrease tube length and increase shell diameter and number of 

tubes

• Shell side
o Increase the baffle cut
o Increase the baffle spacing
o Increase tube pitch
o Use double or triple segmental baffles
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• Study the effect of baffle spacing on size of heat 
exchanger.

• Study the effect of baffle spacing on total pumping 
power.
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i.e. the maximum temperature difference
in a heat exchanger is the difference
between the inlet temperatures of the hot
and cold fluids.
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Compact Heat Exchangers
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Finned wall heat exchanger
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Finned wall heat exchanger
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Spiral and helical heat exchangers
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 Spiral heat exchanger can be considered as a plate heat exchanger in which the
plates are formed into a spiral. The fluids flow through the channels formed between
the plates.

5-147
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