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Abstract— Ultrasonic testing uses high frequency sound
waves of a range between 0.5 to 15 MHz to conduct testing.
Importance of ultrasonic testing of train wheels, reinforced
plastic, aeronautical defects in composite structures, testing
of welds, testing of cracks and some other applications are
increasing day by day. Ultrasonic testing method reveals
that it is a challenging task for practitioners and researchers
to increase the efficiency of non-destructive testing
techniques for identifying and localization defects in
different mechanical engineering components parts.
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. INTRODUCTION

Heat exchangers are vital components in numerous process
plants. With an increasing focus on operating economy and
safety, the benefits achieved from baseline inspection and
condition monitoring is evident. Examination and condition
monitoring of heat exchangers are performed using a variety
of techniques. Selection of the best suited technique depends
on whether the objective is fabrication control, preventive
in-service inspection, or inspection due to failure as for
example leakage and depends on the type of defects which
is expected to be detected by the examination. This paper
will present a range of NDT methods and techniques which
can be applied in the examination of tubes in heat
exchangers or tubes in other heat transfer or processing
equipment. At Force Institute the four frequently used NDT
techniques for tube examination are Eddy Current,
Ultrasonic, Helium Leak test and Visual examination.

A. Eddy Current Examinations

For examination of the individual tubes the eddy current
technique is applied. The eddy current equipment used by
the FORCE Institute is compact and transportable. The eddy
current instruments are multi-frequency units specially
developed for tube inspection. The instruments have a build-
in hard disk drive for recording of data. The probe drive
units are fast and very stable mechanical devices specially
developed by the FORCE Institute. Probes in a broad range
of diameters are always on stock to be able to serve our
customers even in urgent situations. The examination is
performed by use of an eddy current probe (bobbin probe)
which is inserted into the tube via a probe drive system.
When the probe is retracted the measurements are
performed and the data are automatically recorded on strip
chart or data disk. For examination of the area below the
tube sheet, the technique using a bobbin probe can be
applied for detection of tube sheet corrosion or the rotating
eddy current probe technique can be used for detection of
smaller defects e.g. cracks.

B. Ultrasonic IRIS Examination

For examination of tubes of all types of materials the
ultrasonic technique is applied. For examination of the tube

wall the IRIS (Internal Rotary Inspection System) probes are
used and the figure shown in 1.2. These probes utilize the
ultrasonic pulse-echo technique. The ultrasonic transducer is
rotated inside the tube and due to the frequency of the
transducer and the rotation speed the entire circumference of
the tube wall will be examined. When the probe is pulled
through the tube a measurement of the wall thickness is
performed. The result of the examination is presented
visually showing the unfolded tube wall. The wall thickness
can be measured in any point of the tube circumference and
at any position of the tube length. Defects will be displayed
as they occur on the actual tube in size, propagation and
location on the tube wall, i.e. internal or external. The
technique can be applied on straight tubes with internal
diameters from 8 mm to 90 mm. For the larger tube
diameters slight bends can be inspected as well.

C. Radiographic Testing:

Itis anon-destructive technique that involves the use of
either x-rays or gamma rays to view the internal structure of
a component. In the petrochemical industry, RT is often
used to inspect machinery, such as pressure vessels and
valves, to detect for flaws. RT is also used to inspect weld
repairs. Compared to other NDE techniques, radiography
has several advantages. It is highly reproducible, can be
used on a variety of materials, and the data gathered can be
stored for later analysis. Radiography is an effective tool
that requires very little surface preparation. Moreover, many
radiographic systems are portable, which allows for use in
the field and at elevated positions

Il. OBJECTIVES

The objectives of this project work are as follows

1) Identification of NDT Methods for Heat
Exchanger Pipes.

2) Selection of Materials for Ultrasonic Equipment.

3) Detection of defects in a heat exchanger pipes at
industry level.

4) Measurement of their parameters (crack size).

5) Assessment of their hazards.

I1l. MATERIALS AND METHODOLOGY

A transducer is a device that converts one form of energy
into another. An ultrasonic transducer converts electrical
energy into mechanical vibrations (sound waves), and sound
waves into electrical energy as shown in figure 1. Typically,
they are small, hand-held assemblies that come in a wide
variety of frequencies and style to accommodate specific
test needs. Ultrasonic transducers or ultrasonic sensors are a
type of acoustic sensor divided into three broad categories:
transmitters, receivers and transceivers. Transmitters
convert electrical signals into ultrasound, receivers convert
ultrasound into electrical signals, and transceivers can both
transmit and receive ultrasound.
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In a similar way to radar and sonar, ultrasonic transducers
are used in systems which evaluate targets by interpreting
the reflected signals. For example, by measuring the time
between sending a signal and receiving an echo the distance
of an object can be calculated. Passive ultrasonic sensors are
basically microphones that detect ultrasonic noise that is
present under certain conditions.

Fig. 1: Ultrasonic Transducer

An ultrasonic thickness gage is an instrument that
generates sound pulses in a test piece and very precisely
measures the time interval until echoes are received. Having
been programmed with the speed of sound in the test
material, and the figure shown in 2 the gage utilizes that
sound velocity information and the measured time interval
to calculate thickness via the simple relationship [distance]
equals [velocity] multiplied by [time]. We are the leading
source of thickness gages for the accurate measurement of
nearly any material. Thickness gages include a wide range
of features available for enhanced gage performance.
Ultrasonic thickness gages can measure virtually most
materials such as plastics, metals, metal composites, rubber
and internally corroded materials.

Digital Ultrasonic Thickness Gauge
with Sound Velocity Measurement

Fig. 2: Ultrasonic Thickness Gage

Sound waves travelling through a material will
reflect in predictable ways off of flaws such as cracks and
voids. An ultrasonic flaw detector is shown in figure 3 and
instrument that generates and processes ultrasonic signals to
create a waveform display that can be used by a trained
operator to identify hidden flaws in a test piece. The
operator identifies the characteristic reflection pattern from a
good part, and then looks for changes in that reflection
pattern that may indicate flaws. Our full range of portable
ultrasonic flaw detectors (UT) provides unmatched
capabilities for locating discontinuities and other flaws. A
wide range of software options is available for enhanced

flaw detector inspection. We offer a wide range of
measurement features and application-specific options for
flaw detection applications that include the location and
sizing of hidden cracks, voids, disband, and similar
discontinuities in welds, forgings, turbines, and other
structural components.

Fig. 3: Ultrasonic Flaw Detectors

At a construction site, a technician tests a pipeline
weld for defects using an ultrasonic phased array instrument.
The scanner, which consists of a frame with magnetic
wheels, holds the probe in contact with the pipe by a spring.
The wet area is the ultrasonic couplant that allows the sound
to pass into the pipe wall. The phased array instrument as
shown in figure 4. Animation showing the principle of an
ultrasonic scanner used in medical ultrasonic imaging. It
consists of a beamforming oscillator (TX) that produces an
electronic signal consisting of pulses of sine waves
oscillating at an ultrasonic frequency, which is applied to an
array of ultrasonic transducers (T) in contact with the skin
surface that convert the electric signal into ultrasonic waves
traveling through the tissue. The timing of the pulses
emitted by each transducer is controlled by programmable
delay units () that are controlled by a microprocessor
control system (C). The moving red lines are the wave fronts
of the ultrasonic waves from each transducer. The wave
fronts are spherical, but they combine (superpose) to form
plane waves, creating a beam of sound traveling in a specific
direction. Since the pulse from each transducer is
progressively delayed going up the line, each transducer

emits its pulse after the one below it.
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Fig. 4: Phased Array Instrument
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Fig. 5: Flow Chart

IV. RESULTS AND DISCUSSION

The results are obtained by measuring the cracks and
damages made in the heat exchanger pipes. We are
identified the defects in aluminums, copper and stainless
steel heat exchanger pipes in the ultrasonic pulse eco testing
equipment and the values of all the materials and graph was
mentioned below.

A.  Aluminum
Distance(mm) | MHz
60 5.3
80 8.4
100 12.8
Table 1
B. Stainless steel
Distance(mm) | MHz
60 5.8
80 8.5
100 11.4
Table 2
C. Copper
Distance(mm) | MHz
60 5.1
80 8.9
100 13.7

Table 3
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Fig. 6: Flow chart distance vs m/s
The above flow chart shows that distance vs MHz
the materials shown in different colours and in figure 6
shows that the aluminum has 5.3MHz in 60mm distance and
differs to 12.8MHz in 100mm distance and other materials
also shown in the flow chart.

V. CONCLUSIONS

Non-destructive test for heat exchanger is very important for
better performance of pipes under evaluated temperature.
Out of many non-destructive test methods we found by
survey that Ultrasonic method is best to detect defects in
heat exchanger pipes. We also studied materials required for
preparation and installation for simple ultrasonic equipment.

VI. SCOPE FOR FUTURE WORK

In Future work, the ultrasonic testing is one of best
technique used in nondestructive testing method. So that the
ultrasonic testing using ultrasonic pulse eco testing
equipment is one of the easy methods to detects cracks are
weld joints in the heat exchanger pipes at critical positions
or in the other machineries to detects cracks, leakages in the
heat exchanger pipes.
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