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Process design

Info about cold/hot media on both sides
Physical and chemical data
Fouling
Presence of particles (PSD - particle size distribution)

Desired/searched temperature
Maximum pressure loss

Knowledge of the basic types of HE

MEDIUM

PROCESS

CONSTRUCTION



Process design

Balance

Kinetic

Resistence



Process design



Process design

Notes:
For example, with a fouling factor 
of 0.0001 (fouling factor)it's like 
adding a 0.2 mm layer of 
limestone with a thermal 
conductivity of 2.9 W/m°C to the 
surface

Fouling



Log mean temperature
LMTD

Process design



 Area Density
/Parameter β/
 Temperature
approach
 Temperature cross
/Cross-flow/

β−ratio of the heat exchange 
surface to the total volume of 
the heat exchanger::

β−700 m2/m3  compact HE

β- 6000 m2/m3 ceramic HE
β- 20 000 m2/m3  human lungs HE

Process design



Heater
Cooler
Boiler
Condenser

Types of Heat Exchangers. 



Heater
Cooler
Boiler
Condenser

Types of Heat Exchangers



Without change of state (heaters, coolers)
With change of state (boilers, condensers)

Types of Heat Exchangers



 Parallel 
 Counter
 Cross-flow
 Combination

Types of Heat Exchangers

Co-current configuation Countercurrent configuartion



Types of Heat Exchangers
 Parallel 
 Counter
 Cross-flow
 Combination



Direct /without heat exchange surface/
Regenerative /common heat-exchange surface/
Recuperative / one heat-exchange surface separating the media/

Types of Heat Exchangers



Direct steam injection

Types of HE - Direct

Notes:
 minimum pressure 

difference
 bubble size ->low vapor 

pressure
 max. hydrostatic pressure



Direct steam injection

Types of HE - Direct
Notes:
 the most efficient way of heating
 energy saving (20-30%)
 mostly simple device
 small space requirements
 only steam
 sensitive
 external/internal modulation



Direct water injection

Types of HE - Direct

Notes:
 Turbine bypass system i.e. 
 injection valve 
 Water cooling



 Fixed or rotating heat-exchange surface

Types of HE - Regenerative

The use:
(g)-(g) at ↑ ↑ for volumetric flow up 
to 150 m3/s.
25m, 1600 tons.

Advantages:
- also suitable for low temperatures,
-small temperature differences can 
be achieved,
- for large volume flows.

Disadvantages:
-losses during connection,
-mixing of gases (residues),
- difficult to clean.



Fixed or rotating heat-exchange surface

Types of HE - Regenerative   

Regenerative Heat 
Exchangers with 
Rotating Heating 
Surfaces
(ROTHEMÜHLE-Rotor 
System, first described 
by Fredrik Ljungström)

Regenerative Heat 
Exchangers with 
Stationary Heating 
Surfaces
(ROTHEMÜHLE-Stator 
System)



Types of HE - Recuperative
 Double pipe HE /Hairpin/ DPHE Výmenník rúrka v rúrke 
 Shell and Tube HE STHE Rúrkový výmenník tepla
 Scraped-Surface HE SSHE  VT so stieraným povrchom
 Plate HE PHE Doskový výmenník tepla  
 Shell Plate HE SPHE Doskový oplášťovaný VT
 All-welded HE AWHE Celozváraný doskový VT
 Block HE BHE Blokový výmenník tepla
 Spiral HE  SHE Špirálový výmenník tepla
 Air HE AHE Vzduchové výmenník tepla

β−700 m2/m3  

compact VT



The range of pressures and temperatures 
normally up to:
β = 0,6 - 5 m2/m3,

The use:
(g)-(g), (g)-(l), 

Advantages :
- it is possible to achieve clean co-current and 
counter-current flow,
-realization of a large temperature difference 
between the inner and outer tube,
-variability of material use,
-good possibility of cleaning both surfaces.

Disadvantages :
- high requirements for material and built-up 
area.
- low β

Recuperative HE - Double pipe.



Recuperative HE - Double pipe.



The use:
(l)-(l), (g)-(l), (l)-(g), rarely (g)-(g)

Advantages :
-material version /steel, plastic, glass, graphite/,
-theory, almost 100 years of tradition, operational 
experience,
-use in a wide range of temperatures and 
pressures,
-less demanding production,
-possibility of mechanical cleaning.

Disadvantages :
- relative ↑ ↑ pressure loss /multipass HE/,
-tube heat exchangers have more weight,
- high requirements for material and built-up 
area.
- low β

↑ ↑

Recuperative HE - Shell and tube HE

The range of pressures and temperatures 
normally up to:
p=4 MPa  ( max. 60 MPa – tube )
T=500 oC

- For tube diameter d=20 mm: β= 100 m2/m3,
- For tube diameter d=25 mm: β= 75 m2/m3.



TEMA
The Tubular Exchanger Manufacturers Association

Recuperative HE - Shell and tube HE

globally recognized and 
used method of 
designing tubular heat 
exchangers

complex method of 
strength calculation

geometric 
characterization

TEMA sheet

Recommended values 
for fouling



Recuperative HE - Shell and tube HE



Recuperative HE - Shell and tube HE



Recuperative HE - Shell and tube HE



Recuperative HE - Shell and tube HE

TEMA Sheet

3 Blocks of information

1)
Heat exchanger identification.
Parallel / Series
Basic dimensional parameters
Total heat exchange surface



Recuperative HE - Shell and tube HE

TEMA Sheet

-HE process parameters
- physical and chemical parameter of medium.
-Overall performance (Dirty / Clean) depending on 
the selected Fouling Resistance..



Recuperative HE - Shell and tube HE

TEMA Sheet

- Construction parameters of HE



Recuperative HE - Shell and tube HE



Tubular heat 
exchanger without 
phase change

BEM

Recuperative HE - Shell and tube HE



Tubular heat exchanger with phase change

AKT

Recuperative HE - Shell and tube HE



Recuperative HE - Shell and tube HE
Tubesheet

- generally the most expensive 
part of HE

- welded or pressed pipes.



Recuperative HE - Shell and tube HE
Tube bundle



Recuperative HE - Shell and tube HE
Baffles



Recuperative HE - Shell and tube HE
Baffles



Recuperative HE - Shell and tube HE
Baffles



Recuperative HE - Shell and tube HE
Baffles



Recuperative HE - Shell and tube HE
Baffles

1975
Phillips Petroleum
Company

50% ↓↓ pressure drop 

↓↓ - vibration damage 4 
point contact



Tube pattern

Recuperative HE - Shell and tube HE

Cleanability
Paramater β
Pressure loss 
Heat transfer coefficient



Number of Passes

Recuperative HE - Shell and tube HE

Number of 
connected HEs:

Serially
Parallel

Sealing
Separating
Partition

Calculation of 
the correction 
factor F



Enter Nozzle

Recuperative HE - Shell and tube HE

TEMA:
ρ.v2 – 740 kg/m.s2 for media with the presence of particles
ρ.v2 – 2232 kg/m.s2 for a particle-free medium



Expansion joint

Recuperative HE - Shell and tube HE

It compensates for the differential thermal 
expansion of the shell/pipe

↑↑ Tube,  ↓↓ Shell ~23 °C
↓↓ Tube, ↑↑ Shell ~83°C



Material

Metal materials
-iron
-non-ferrous

Non-metal materials

Recuperative HE - Shell and tube HE



Suitable heat exchanger 
Emphasis on compliance with 
the correct operating 
parameters

Fouling factor
Selection of appropriate 
cleaning/ chemical, 
mechanical/

Recuperative HE - Shell and tube HE
Fouling, Fouling resistance



Recuperative HE - Shell and tube HE
Fouling, Fouling factor



A heat exchanger with a scraped surface - a 
good solution for heat-sensitive substances 
(slow heating) but also for substances that are 
sticky, dense, with the presence of particles, 
crystallizing
β = 0,6 - 5 m2/m3,

Use in the system:
(l)-(l), (l)-(g), 

Advantages:
- For extremely viscous substances
- particles up to approx. 25 mm,
- demountable, /cleanability/.

Disadvantages:
- high price, complicated,
- lower max. pressure in the wiped section
- low β,
-requires a motor.

Recuperative HE - Scraped surface HE



Recuperative HE - Scraped surface HE



Recuperative HE - Scraped surface HE



Plate heat exchangers include a wide range of 
heat exchangers that use a "plate" as a heat 
exchange surface.

Types:
-removable (with seal)
- not disassembled (without seal)

Plate’s shape:
- rectangular shape
- circular shape

Currently, the most progressive area of   HE 
research and development.

Currently /range of pressures and 
temperatures/:
p=10 MPa 
T=500 oC

Recuperative HE - Plate HE



Patent from 1878 (Germany) 

The range of pressures and temperatures 
normally up to:

p= 0,4 MPa
T=  160 oC

β: 250-700 m2/m3

α: (l)-(l):500-2000 W/m2K

Gasketed plate heat exchanger /GPHE/

Use in the system:
(l)-(l), (l)-(g), (g)-(l).

Advantages:
it is possible to increase or decrease the heat 
exchange surface according to requirements,
the profiling of the plates leads to turbulent flow 
even at low speeds,
short retention times,
very good cleaning option,
hygienic.

Disadvantages:
limited range of temperatures and pressures 
(given by the material of the seal and the stiffness 
of the boards),
sealing (long sealing surfaces).

Recuperative HE - Plate HE



Recuperative HE - Plate HE      
Design



Plates

Recuperative HE - Plate HE      



Frame

Recuperative HE - Plate HE      



Recuperative HE - Plate HE      
Connection, Insulation Frame



Alfa-Laval's first brazed HE in 1977

The range of pressures and 
temperatures normally up to:

p= 30 bar  
T=  200 oC / - 190 °C

β - 250-700 m2/m3

Braze: Copper

Brazed plate heat exchanger /BHE, BPHE/

Use in the system:
(l)-(l). Ideal for clean medium

Advantages:
without a seal - reliability,
low price and installation and connection costs,
small built-up area compared to e.g. STHE(10-20%)
minimal maintenance (self-cleaning effect),short 
retention times,
suitable for cryogenic applications.

Disadvantages:
cannot be disassembled (cleaning only chemically - CIP)
not suitable for media with particles
max. pressures of about 30 bar.
in case of clogging – uncleanable

Recuperative HE - Plate HE      



Recuperative HE - Plate HE      
Connection



All-stainless HE. Significant improvement of 
brazed HE.

The range of pressures and temperatures 
normally up to:
p=  40 bar 
T=  500 oC

β - 250-700 m2/m3

Fusion-Bonded plate heat exchanger /FBHE, 
FBPHE/

Use in the system:
(l)-(l). Ideal for clean medium 

Advantages:
for high temperature applications,
without sealing, without soldering - reliability,
minimal maintenance (self-cleaning effect),
resistance to pressure shocks,
corrosion.

Disadvantages:
cannot be disassembled (cleaning only chemically 
- CIP)
not suitable for media with particles
in case of clogging – uncleanable

Recuperative HE - Plate HE      

Alfa – Fusion.
technology



Recuperative HE - Plate HE      
Connection



Welded plate VT.STHE's biggest competitor also 
in areas of high temperatures and pressures.

The range of pressures and temperatures 
normally up to:

p= 100 bar 
T=  900 oC

Shell Plate Heat Exchanger /SPHE/

Use in the system:
(l)-(l), (l)-(g). 

Advantages:
for high temperature and high pressure 
applications,
compact,
possibility of cleaning.

Recuperative HE - Plate HE      



Shell Plate Heat Exchanger
/SPHE/

Plate:
Circular plates
Oval plates

Recuperative HE - Plate HE      
Design



Welded plate VT.STHE's biggest competitor 
also in areas of high temperatures and 
pressures.

The range of pressures and temperatures 
normally up to:

p= 70 bar 
T= 350 oC

Welded Plate Heat Exchanger /WPHE/

Use in the system :
(l)-(l), (l)-(g). 

Advantages :
all the accuracies of the plate heat exchanger
for high temperature and high pressure 
applications,
compact,
1/6 of the built-up area, 1/6 of the weight 
compared to STHE,
heat exchange area up to 320 m2,
easy cleaning.

Recuperative HE - Plate HE      



Recuperative HE - Plate HE      
Design



Use in the system :
(l)-(l), (g)-(l)

Advantages :
little pollution of the heat exchange surface even 
with fluids prone to forming deposits,
- possibility of mechanical cleaning,
- no "dead" spots
- high values   of heat transfer coefficients.

Disadvantages :
limited range of temperatures and pressures,
more demanding production - higher price.

Recuperative HE - Spiral HE      

... more than 70 years on the market

The range of pressures and temperatures 
normally up to:
p= 40 bar
T= 400°C

Indicative values α in system:
(l)-(l):  700-2500 W/m2K
(l)-(g): 900-3500 W/m2K



Recuperative HE - Spiral HE      
Design



Recuperative HE - Spiral HE      
Design

Horizontal
Vertical



Use in the system :
(l)-(g) – on one side /air, gas/

Advantages :
situations where air is the most economical 
cooling medium,
also for high pressures,
the possibility of using a wide range of materials 
for ribs and tubes,
large outputs in MW.

Disadvantages :
restrictions - max. air temperature
more demanding production,
large built-up area,
noise,
low heat transfer coefficients.

Recuperative HE - Air cooled HE

EN: Air cooled HE, Fin Fan HE, ... 
The cooling medium is always air blown onto 
the finned tubes (or perforated block).

The range of pressures and temperatures 
normally up to:
p= 16 bar ( higher for tube ) 
T= 400°C



Recuperative HE - Air cooled HE
Basic parts



Recuperative HE - Air cooled HE
Basic parts



Recuperative HE - Air cooled HE
Heat transfer surface

Tube: bez obmedzenia
Ribs: Al 
T= 250°C

Tube : SS
Ribs : SS
T= 360°C

Tube : SS
Ribs : Al 
T= 400°C

Tube : -
Ribs : Al 
T= 130°C



Recuperative HE - Air cooled HE
Tubesheet - Distributor

Design of distributor: 
demountable
demountable (without the possibility of cleaning the pipes)



Use in the system :
(l)-(g), (l)-(l), kond.

Advantages :
simple production,
variable and high α.
( questionable is α on 
the other side )

Disadvantages :
higher pressure loss,
small mass flows,
installed inside the 
device / cleaning 
problem/ .

Recuperative HE - Heating coil

EN: Heating Coil,

The range of pressures and temperatures 
normally up to:
p=  120 bar 
T= 600°C 

β- 10 m2/m3

Indicative values α in system:
(l)-(l):  700-2500 W/m2K
(l)-(g): 900-2500 W/m2K



Use in the system :
(l)-(g), (l)-(l), kond.

Advantages :
variable
will adjust as needed

Disadvantages :
higher pressure loss,
small mass flows,

Recuperative HE - Platecoil

EN: Heating Coil,

The range of pressures and 
temperatures normally up to:
p=  20 bar.  
T= 250°C 

β- 50 or more m2/m3



Recuperative HE - Platecoil



Use in the system:
(l)-(g), (l)-(l)
extremely
corrosive
environment

Advantages :
applications where 
no other material 
can be used

Nevýhody:
high price
for lower pressures

Recuperative HE - Block HE graphite

EN: Block HE,

The range of pressures 
and temperatures 
normally up to:
p=  6 bar
T= 200°C 

β- 10 a viac m2/m3



Recuperative HE - Block HE graphite


