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HEAT EXCHANGER VIBRATIONS

- A CASE STUDY

- V.K. Khilnaney

The satisfactory performance of heat exchangers is crucial
to the reliability of the plant. Excessive flow induced
vibrations may cause tube failures by fretting wear and
fatigue. Such failures may require plant shut downs for
repairs, which are undesirable in terms of lost production
and maintenance cost. Therefore, thorough vibration analy-
sis is essential at design stage to avoid failures at the
time of operations.

H2S-H2O process is highly energy intensive and economic
viability of this process largely depends upon the extent of
heat recovery. Typically 90 GJ of heat is required for one
Kg of Heavy Water. Roughly 40-50% of heat is recovered in
heat recovery exchangers and rest is lost to cooling water
in cooling water exchangers. Large size heat exchangers
(upto 600 m ) are employed for the above requirements.
It may be noted that the largest ones are cooling water
exchangers of 44 inch diameter and 600 m of area.

These exchangers at heavy water plant Kota have been working
satisfactorily and delivering the required duty. However,
there have been tube failures in one or two cases.

It may be noted that detailed vibration analysis techniques
were not available at the time of designing these exchangers
and the exchangers were designed as per general guidelines
and prevelant good engineering practices. Needless to say
that the designs were not checked especially from the point
of view of their proness to excessive flow induced vibra-
tions.

The present paper gives a case study of revamping of cooling
water heat exchanger at Heavy Water Plant Kota.

Problen description:

The presence of hydrogen sulfide was detected in cooling
tower area giving an indication of leakage of hydrogen
sulfide into cooling water circuit through cooling water
heat exchangers (coolers). The shell side outlets of indi-
vidual coolers were checked and a particular exchanger was
found to be leaking. The exchanger used to be isolated each
time and ruptured tubes were plugged. This is resulted in
loss in production. As the failures became quite frequent,
it was decided to check the exchanger for its proness to
flow induced vibrations resulting in failures Approximately
80 tubes were plugged in one shell and 40 tubes were plugged
in second shell. Main parameters of the exchanger are given
in Annexure-I.
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Analysis:

The flow induced vibration phenomenon is highly complex and
the present state of the art is such that a universal defi-
nite solution to a problem is difficult to give. It is,
therefore, essential to validate the model/techniques
against the operating exchangers. As most heat exchangers
were performing satisfactorily not many data points were
available.

Analytical criteria which are generally used to check for
the stability of exchanger against" flow induced vibration
are:

a) Vortex Shedding Frequency:

This is a flow-induced frequency which can excite vibrations
when it matches with natural frequency of the tubes.

b) Turbulent Buffeting:

A random turbulence can excite tubes into vibration at their
natural frequency by selectively extracting energy from a
highly turbulent flow of gas across the bundle.

c) Fluid Elastic Instability:

There is a critical velocity above which the fluid elastic
instability vibrations become a problem.

d) Damage Numbers:

Baffle damage number and tube collision damage numbers are
two dimensionless damage numbers to predict the probability
of flow induced vibration.

The heat exchanger design shall fulfill all the above
mentioned criteria to be safe against failure of tubes due
to flow induced vibrations. Of the above mentioned criteria
it is observed that the fluid elastic instability is most
severe and generally the cause of failure.

While analysing for fluid elastic instability, the instabil-
ity factor K and damping factors have to be established for
the system. These are generally experimentally determined.
As these values were not available in our case, following
procedure was adopted to determine the same.

Connor's formulation - VRC/fnd = K(Wo / d)

(K - instability factor) was fitted with the data of few
exchangers. It was found that the exchangers had failed
at K=5.0 or above. (Considering =0.1). The value of
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K=3.0 was choosen. as safe. This was against 3.54 and 5.0
indicated by TEMA & Hartten, respectively.

The value of viscous damping factor en , which is used to
define the damping was taken from Literature as 400 for
water systems. The value of calculated by this method
matched closely with the values calculated by TEMA method.

Once .these parameters were fixed, the existing exchanger was
subjected to various checks mentioned earlier. Results are
indicated in Annexure-II.

Observations:

Various observations were made based on the tube failure
pattern, obtained from site (Annexure-III) and the results
obtained from applying vibration stability criteria checks.
These are :-

i) Approximately 50% of the tubes failed in regular fash-
ion outside the baffle support.(Window region)

ii) The tubes were highly prone to fluid elastic instabili-
ty in the three zones i.e. inlet, outlet and midspan.

iii) High Vortex shedding frequency ratio was observed in
all the zones.

iv) There was a high turbulent buffeting frequency ratio in
inlet and outlet zones.

v) High damage numbers were found in inlet and outlet
zones.

It is quite evident from the above observations that the
exchanger was highly prone to excessive flow induced vibra-
tions which would have resulted in tube failures.

Modifications:

Few of the various alternatives which were considered are
listed below:-

i) Reduce the shell side velocity in the existing
exchanger.

ii) Redesign the exchanger to allow for the higher veloci-
ties.

iii) Increase the natural frequency of the tubes.

The details of these options are discussed below:-

l) Checks for vibration stability were made for existing
exchanger with various reduced flow rates. It was found
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that the existing design could only be suitable for 50% -
60% of rated flow. This would have resulted in considerable
reduction in heat duty and hence this alternative was not
considered.

ii) A new design was possible to be carried out, however it
would have been a time consuming & costly proposition as the
fabrication of such a big exchanger would have taken a long
time. This was thought of as the last option if no other
solution was possible.

iii) Third option was of increasing the natural frequency of
the tubes by changing the baffle spacing. This necessiated
the change in baffles as other Methods of increasing the
frequency would have needed change in the tube bundle and
tube sheets, which would have been again a tine consuming
and a costly proposition. It may be noted that the reduc-
tion in baffle spacing also could not be dona beyond a
certain limit as the shell side pressure drop was increasing
tremendously and there was a limitation on supply pressure
of cooling water posed by existing cooling water system.
After considering various alternatives it was decided to go
for "No tube in Window" design. 15% atgmental baffle* were
used. This design could satisfy the above Mentioned con-
straints. Results of vibration checks made are indicated in
Annexure-IV. It may be noted from the results that the
cross - flow velocity ratio, Vortex shedding frequency
ratio. Turbulent buffeting frequency ratio and Damage num-
bers are within limits. Therefore the design can be consid-
ered safe against failure of tubes due to flow induced
vibrations.

Concluding Remarks

The changes proposed have been incorporated at site and Heat
exchanger is performing well since then.
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Shell side flow

Tube side flow

Shell size

Heat Transfer Area

Shell in series

Shell passes

Tube passes

No. of tubes

O.D of tubes

I.D

Type of Head

Baffles

Length of tubes

ANNEXURE-I

1311 M3/hr.

244 M3/hr.

42 inches

570 M /shell

Two

One

Four

984

20 mm

16.7 mm

Floating

25% cut single segmental.
10 baffles 9 708 mm spacing.

9144 mm

ANNEXURE-II

Results of vibration checks on
Existing Exchanger

Description of parameters Position in Bundle
Inlet Centre Outlet

1. Length for natural frequency 1156mm

2. Natural frequency 10.42

3. Cross flow velocity/critical 1.78
velocity ratio

4. Vortex shedding frequency 1.53
Ratio

5. Turbulent buffeting 1.47
frequency Ratio

6. Baffle damage No.

7. Tube collision damage No.

708 ,.,1Q5>,

18.1 ... ..11.66

1.68 1.76

- 1

- 1

. 3 6

. 9 0

0.99

0.51

max -

max -

1

1

. 7 0

.47
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ANNEXURE ffl

984 T(/££ HOLES Ort—
A.LAR PITCH Of 26 mm

PLUGGED TUBES

TUBE SHEET OF 3201 CWXi



ANNEXURE IH C

5*12

TUBE HOLES
ALAR PITCH OF 26 VItn

ISO

PLUGGED TUBES

TUBE SHEET OF 3201 CWX2
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ANNEXURE-IV

Results on vibration check
on suggested design

Description Position in Bundle
Inlet Centre Outlet

1.

2.

3.

4.

5.

Length for Natural
frequency

Tube Natural frequency

Cross-flow/critical
velocity Ratio

Vortex shedding
frequency Ratio

Turbulent buffeting
Ratio

852

49.90

0.70

0.72

0.31

760

62.70

0.63

0.41

0.11

1000

36.17

0

0

0

.82

.34

.09

6. Baffle damage No.

7. Tube collision damage No.

- 0.45 (max) -

- 0.33 (max) -

1


