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Abstract (bold). Hear exchangers used in agricultural processes are mainly
manufactured by three technologies: brazed copper-brass, mechanically assembled
aluminum and brazed aluminum. The appropriate choice depends on various criteria:
price, weight, corrosion resistance, performance in a limited volume, required pressure
drops, temperature resistance, reliability, etc. Brazed aluminum is increasingly popular
due to several advantages, such as resistance to high pressure and temperatures.
Aluminum heat exchangers can be exposed to external and internal corrosion in
various environmental conditions. Corrosion has a negative impact on the mechanical
integrity and thermal performance of heat exchangers. Therefore, specific operating
design parameters, as well as mechanical design characteristics, are of great
importance for consideration in construction. Proper selection and design can ensure
the successful and safe operation of the heat exchanger and the plant itself. The HVAC
industry is directed towards the search for the best solutions in order to increase the
performance, energy efficiency and durability of the equipment while reducing the costs
of their production. Aluminum pipes and other aluminum components are increasingly
replacing copper pipes. In this paper, application, design, assembling process and
operation considerations for brazed aluminum heat exchangers used for needs in
agricultural processes have presented.
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1. INTRODUCTION

Heat exchangers used in agricultural processes are mainly produced by three
technologies: brazed copper-brass, mechanically assembled aluminum and brazed
aluminum. The appropriate choice depends on various criteria: cost, weight, corrosion
resistance, performance in limited volume, required pressure drops, temperature
resistance, reliability, etc [1]. For years, aluminum (Al) and aluminum alloys have been
used as heat exchanger tube materials due to their low density, good thermal
conductivity, and satisfactory mechanical properties suitable for heat exchangers [2, 3].
As the pipe becomes thinner, corrosion resistance has a greater effect [4]. Brazed
aluminum is increasingly popular due to several advantages, such as resistance to high
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pressure and temperatures, one of the reasons being fattening in order to reduce fuel
consumption [1].

Brazed aluminum heat exchangers are designed and manufactured according to
pressure equipment standards and need to meet safety requirements related to mechanical
design, material, manufacturing, testing and inspection requirements of various standards
[5.6]. Brazed aluminum heat exchangers are highly efficient, used for a variety of
cryogenic and non-cryogenic heat transfer applications, including industrial gas
production, petrochemical applications and agricultural processes. Considering that they
have a high surface compactness and excellent heat transfer characteristics, they have an
advantage over other traditional heat transfer technologies in the application of non-
corrosive liquids and gases [7]. Research has shown that the rate of heat transfer in
residential air conditioners is 50% higher than the rate of conventional heat exchangers
[8].

Taking into consideration the fact that heat exchangers fabricated from aluminum
much less represented in agricultural industry such as and problems related to their
dimensioning have not been sufficiently explored, hence and the main goals of this paper
is mechanical calculations of metal elements of one very specific construction of heat
exchanger of which has been fabricated from SB-209-5083-0 material. Beside with the
previously mentioned in this paper is also given and methodology of merging of elements
of this apparatus with relevant brazing (welding) parameters.

2. STRENGTH CALCULATION OF THREE HEADER ALUMINUM HEAT
EXCHANGER

Full calculation of the heat exchangers before starting its fabrication in the workshops
usually consists three following necessary types of calculations: calculation of required
thermal power (heat transfer), calculation of pressure drop (for needs of further adopting
of pumps) and mechanical or strength calculation of metal elements.

After finishing calculation of required heat transfer and pressure drop and determining
required design conditions it is starting phase of strength calculation of all metal elements
[9-11]. In this paper, it will presented of dimensioning of aluminum heat exchanger,
which is using in agricultural engineering. The required design conditions have shown in
the Table 1.

For needs of performing strength, calculations and analysis of place installation it was
adopted latest edition of ASME Section VIII Division 1 such as relevant standard for this
calculation. Review of strength calculations of assembly elements of heat exchanger,
which has shown on the picture 1, is in the next lines.

Header 1 thickness:

Minimum required thickness-ty(according to the ASME Section VIII Division 1-UG-
27(c))
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PR P 51.0-125

t, =———+Co= +0=13.01 mm<Ta=14.31 mm
S-E-0.6-p 801-0.65-0.6-51.0

where

p=51 Kg/em*G, design pressure;

R=125 mm, inside radius of header;

§=801 kg/cm?, maximum allowable stress for material SB-209 5083-0;
E=0.65, joint efficiency;

Co=0, corrosion allowance;

Header 2 thickness:
Minimum required thickness-tm(according to the ASME Section VIII Division 1-UG-
27(c))

p-R 51.0-175
t =—2 2 4Co=

S-E-06-p 801-0.65-0.6-51.0
where
p=51 Kg/em®G, design pressure;
R=175 mm, inside radius of header;
§=801 kg/cm?, maximum allowable stress for material SB-209 5083-0;
E=0.65, joint efficiency;
Co=0, corrosion allowance;

+0=18.22 mm

Table 1 Design conditions of brazed aluminum heat exchanger

Stream - (A1165) (B1433)
Fluid - Liquified HC Deethanizer reflux
Keflem?G 51 36.7
Design pressure psig 725 522
barg 50 36
Design temperature X L aa /i)
°F -148+149 -148+149
Kgflem’G 66.3 47.8
Hydro test pressure psig 942.5 678.6
barg 65 46.8
Pneumatic test Kgﬁ’c‘sz - -
pressure E::i = =
Air  leakage test Kgg:iz & .;_.52]5 3;622?
pressure barg 50 36
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Picture 1 Construction and dimension of aluminum heat exchanger

Header 3 thickness:

Minimum required thickness-ty(according to the ASME Section VIII Division 1-UG-

27(c))

o P R, ;o 367:225
S-E-06-p 801-0.65-0.6-36.7

where

p=36.7 Kg/em’G, design pressure;

R=225 mm, inside radius of header;

§=801 kg/em?, maximum allowable stress for material SB-209 5083-0;

E=0.65, joint efficiency;

Co=0, corrosion allowance;

+0=16.57 mm

Minimum required nozzle thickness (A-in)
(6) Minimum required thickness-tm(according to the ASME Section VIII Division 1-UG-
27(c))
~ p-Ro C 51.0-84.15

=——+Co=
S-E+04-p 752-1.0+0.4-51.0
where
p=51.0 Kg/em*G, design pressure;
R=84.15 mm, outside radius of pipe;

+0=5.56 mm

§=752 kg/cm?, maximum allowable stress for material SB-209 5083-0;
E=1.0, joint efficiency;
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Co=0, corrosion allowance;
(2) The smallest of the following:
(a) the thickness of the cylindrical shell (assuming E=1.0)

-R 51.0-125

t,=—2L=___1Co= +0=8.28 mm

S-E-0.6-p 801-1.0-0.6-51.0
where
p=51 Kg/em?G, design pressure;
R=125 mm, inside radius of header;
5§=801 kg/cm?, maximum allowable stress for material SB-209 5083-0;
(b) the minimum thickness of standard wall pipe (STD)
t;,=8TD-0.875+Co=7.112-0.875+0=6.23 mm

The smallest thickness is 6.23 mm
(3) Minimum required thickness-ty,

tm should be greater value of thicknesses calculated by (1) or (2)
tm=6.23 mm<t,-0.875=12.48 mm
where is t,=14.27 mm-nominal thickness for this pipe;

Minimum required nozzle thickness (A-out)
(6) Minimum required thickness-tm(according to the ASME Section VIII Division 1-UG-
27(c))
-Ro 51.0-161.9
P Co=

[ =—----------out =
: S-E+04-p 752-1.0+0.4-51.0
where
p=51.0 Kg/em?G, design pressure;
R=161.9 mm, outside radius of pipe;
§=752 kg/cm?, maximum allowable stress for material SB-209 5083-0;
E=1.0, joint efficiency;
Co=0, corrosion allowance;
(2) The smallest of the following:
(a) the thickness of the cylindrical shell (assuming E=1.0)

= PR . SLOIES 456 e
S-E-06-p 801:1.0-0.6-51.0

where

p=51 Kg/em?G, design pressure;

R=175 mm, inside radius of header;

§=801 kg/cm?, maximum allowable stress for material SB-209 5083-0;

(b) the minimum thickness of standard wall pipe (STD)

t,=8TD-0.875+Co0 =9.525-0.875+0=8.34 mm

The smallest thickness is 8.34 mm

(3) Minimum required thickness-ty,

tm should be greater value of thicknesses calculated by (1) or (2)
trm=10.69 mm<t, 0.875=22.22 mm

where is (;725.40 mm-nominal thickness for this pipe;

+0=10.69 mm
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Minimum required nozzles thickness (Bin and Bout)
(6) Minimum required thickness-tm(according to the ASME Section VIII Division 1-UG-
27(c))
‘Ro 36.7-228.5
i +Ci

t, =—— 0=
' S-E+04-p 801-1.0+0.4-36.7
where
p=36.7 Kg/em?G, design pressure;
R=228.5 mm, outside radius of pipe;
5$=801 kg/cm?, maximum allowable stress for material SB-209 5083-0;
E=1.0, joint efficiency;
Co=0, corrosion allowance;
(2) The smallest of the following:
(a) the thickness of the cylindrical shell (assuming E=1.0)

=— PR o= 30725 4 1061mm
S-E-0.6-p 801-1.0-0.6-36.7

Where

p=36.7 Kg/em?G, design pressure;

R=225 mm, inside radius of header;

S5=801 kg/cm?, maximum allowable stress for material SB-209 5083-0;

(b) the minimum thickness of standard wall pipe (STD)

t,=8TD-0.875+C0=9.525-0.875+0=8.34 mm

The smallest thickness is 8.34 mm

(3) Minimum required thickness-t,

tm should be greater value of thicknesses calculated by (1) or (2)
tr=10.69 mm<t,-0.875=17.50 mm

Where is t,=20.00 mm-nominal thickness for this pipe;

+0=10.29 mm

Together with calculations for headers and nozzles, also calculations of nozzles
reinforcement also should be performed especially in case heat exchanger, which are
working in high-pressure environment. Taking into consideration that nowadays exist
specialized software for this activities in this paper only will be presented nozzle Ain
together with its appropriate markings [6, 10 - 12].

One of the most used software, which is using for calculation of pressure equipment
elements, is '’Bend-Tech-Header’® which enables performing nozzle reinforcement
calculations according to the relevant international standard related to pressure
equipment. “’Header software’” also enables creating 3D-simulations of tube behaviour
and bending simulations, which help the fabricator, visualize the bending process before
running the part through the part through the machine. This helps to confirm the
manufacturability of the part and the bend order [8].
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Picture 2 Markings of nozzle reinforcement dimensions

3. MERGING PROCESS OF ALUMINIUM HEAT EXCHANGER

In engineering practice, the working life of a certain apparatus includes the following
stages: development, dimensioning and production of technical documentation, apparatus
production, and functionality check of apparatus after production, installation of
apparatus in a suitable complex system, functionality check after installation,
maintenance, etc. After phase of dimensioning respectively creating heat transfer
calculations, pressure drop and mechanical calculations, creating welding procedures
specifications (WPS) are performing [14].

Creating of WPSs is of exceptional meaning for integrity of apparatus and safety of
workers, which are doing maintenance of apparatus during its required working life. This
phase is usually carried out in one of two possible ways, either a suitable WPSs are
created which are checked and approved, or it is provided appropriate approved WPSs (or
standardized WPS-SWPS) from renowned Welding houses. When is in question welding
of specific materials (such as aluminium, titanium, magnesium, etc.) often is cheaper and
more reliable buying of appropriate WPSs than preparing and approving of their own
especially when fabrication companies does not have experienced Welding engineers
especially trained for preparation specific WPSs and also when are requiring to
performing of destructive examinations of welding samples for needs of qualifying these
WPSs. For needs of fabrication, this apparatus appropriate approved WPSs have been
provided with GTAW welding process with alternating current polarity.
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WPS-For Aluminium three header-heat ex changer
Material: SB-209 5083-O+5B-209 5083-O-GTAW
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Picture 3 Welding procedure specification for aluminium heat exchanger
Here should be mentioned that alternating current has chosen because alternating current

provides a cathodic cleaning (sputtering) that removes refractory oxides from the surface
of weld joint, which is necessary during welding of aluminium, and magnesium. The
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cleaning action occurs during the portion of ac wave, when the electrode is positive with
the respect to the work piece [15].

(19 Ce)
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STREAM B :: 351'-::|a| |M
STREAM A _|= [38018) !M_M
= Do JRPUELELT
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{ —

e
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Picture 4 Aluminium heat exchanger after installation in plant and shape of internal core

After fabrication of heat exchanger, it were performed necessary non-destructive
examinations of the weld joints. On that occasion for checking of surface indications
penetrant tests were performed in range of 100% while for checking of volume
indications radiography tests were performed in range of 20% for circumferential weld
joints and in range of 100% for longitudinal weld joints [16]. Hydro tests of the working
spaces have been performed whereby care it was taken regarding the space which is not
pressure test in order to increasing pressure in not tested side in sense of avoiding its
damaging during external pressure. After finishing all activities, heat exchanger was
installed in the agricultural plant, name plate has been attached and insulation on the
apparatus has been installed from exterior side (Picture 4). Also, proposed type of
maintenance during estimated working life has been adopted according to the relevant
international standards for pressure equipment.

4. CONCLUSION

The paper has shown phases of creating process equipment from defining designing
conditions up to its installation. Mechanical calculations of specific type of aluminium
heat exchanger, which has installed in agricultural process plant has presented which
have conducted according to relevant ASME standards. Taking into consideration that
selected material for heat exchanger is SB-209 5083-0 appropriate approved welding
procedure specification has provided is given in chapter 3 and GTAW-welding process
with alternating current has been used for welding activities. After fabrication process
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dye penetrant tests of weld joints in range of 100% performed for needs of examination
of surface defects while for volume defects radiography has been used in range of 100%
for longitudinal weld joints and in range 20% for circumferential weld joints. Hydro tests
of both working spaces were performed on calculated test pressures and heat exchanger
successfully put in service in agricultural plant.
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