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Vibration Analysis of Pipe with Elbow
subject to Internal Pressure and Temperature
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ABSTRACT

Vibration analysis of pipe with Elbow subject to internal pressure and temperature is studied through a commercial finite
element analysis tool. The natural frequency of Elbow increased very slightly as internal pressure increases., Meanwhile, the
frequency of Elbow decreased as temperature increases. It is shown that frequency deviation caused by temperature was
greater than that caused by pressure. As the length of Elbows increases, frequency deviation by temperature grew rapidly,
but frequency deviation by pressure was not so high. It is concluded that more concemn needs to be focused on temperature

rather than on pressure in terms of natural frequency.
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Fig. 1. FEM model and mesh with varying elbow angle
(elbow only)

Table 1. Increased length
connected elbow
elbow only model

and weight of pipe
when compared with

45° Elbow 90° Elbow 180° Elbow
length +38cm +28cm +6cm
weight +7.16kg +5.19kg +0.96kg

Fig. 2. FEM model and mesh with varying elbow angle
(elbow with extended pipe)
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Table 2. Natural Frequency of each Elbow with and
without Pipe connected

Mode 45° Elbow %° Elbow 180° Elbow
No. | Elbow [ Elbow | Elbow | Elbow | Elbow | Elbow
Only | w/ pipe| Only |w/ pipe| Only |w/ pipe
1 16239 | 12361 1695.4 9587 1030.0 8605
2 16249 | 13827 | 17101 | 13424 | 14310 | 13617
3 19370 | 15639 | 17507 | 15634 | 15660 | 14724
4 19748 | 15648 | 17746 | 15805 | 16666 | 1596.7
5 44358 | 16720 | 34815 | 16840 | 19117 [ 17%.1
6 44370 | 16902 | 34832 | 16%66 | 19653 | 183%5
7 5059.7 | 27271 | 46198 | 23756 | 2861.0 | 24236
8 50598 | 27347 | 46219 | 26337 | 29247 | 25468
9 78781 | 27471 | 54321 | 30172 | 34987 [ 30733
10 78795 | 28716 | 5459.7 | 34235 | 38754 [ 37115
11 86480 | 29658 | 57277 | 35845 | 41377 | 37218
12 86525 | 41954 | 57288 | 41061 | 41578 | 37765
13 9041.8 | 41993 | 70508 | 41780 | 41690 | 39458
14 90423 | 43304 | 7095.7 | 4231.1 | 4651.8 | 41469
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Fig. 3. Natural Frequency with varying Elbow Angle(Hz)
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(pipe connected)
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Table 3. Natural Frequency of 45° elbow with varying

internal pressure(elbow only) (Hz)

NII\I‘:‘E OMPa | 2MPa | 4MPa | 6MPa | 8MPa | 10MPa
1 6293.8 6297.0 6300.1 63033 6306.4 63095
2 639%5.5 6399.1 6402.7 6406.4 6410.0 6413.6
3 7643.6 T648.0 7652.4 7656.8 7661.1 7665.5
4 8014.2 80195 8024.9 80303 8035.6 8041.0
5 9193.0 9196.3 9199.6 9203.0 9206.3 9209.6
6 10372.0 { 10376.0 | 10380.0 { 10384.0 | 103880 | 10392.0
7 10489.0 | 10492.0 | 10496.0 | 105000 | 10504.0 | 10507.0
8 105380 | 105420 | 10546.0 | 105500 | 10554.0 | 10558.0
9 11104.0 | 111120 | 11120.0 | 111280 | 111360 | 111430
10 | 113080 | 113130 | 113180 | 113240 { 113290 | 113350

Table 4. Natural Frequency of 45° Elbow with varying
internal pressure (pipe connected) (Hz)

N;fe OMPa | 2MPa | 4MPa | 6MPa | 8MPa | 10MPa
1 | 14926 | 15033 | 15130 | 15220 | 15303 | 15381
2 | 20074 | 2345 | 22539 | 20678 | 22781 | 22860
3 | 2208 | 22764 | 2311 | 23849 | 24376 | 24894
4 | 24059 | 24303 | 24789 | 5225 | 25685 | 26157
5 | 24916 | 25405 | 26060 | 26612 | 27152 | 27681
6 2493.0 2550.8 2607.3 2662.5 27165 2769.4
7 | 3177 | 33462 | 33719 | 33979 | 34234 | 34483
8 | 34566 | 34603 | 34640 | 34678 | 34715 | 752
9 | 35003 | 35066 | 35107 | 159 | 3211 | 35262
10 | 37219 | 37677 | 38127 | 38569 | 39004 | 39432
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Fig. 5. Natural Frequency of 45° Elbow with
varying fluid temperature (Hz)
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Fig. 6. Natural Frequency deviation from zero degree
temperature for 45° Elbow with varying fluid
temperature (Hz) (with pipe connected and
clamped-clamped)
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