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A Study of Interpolation Methods for the Water Hammer
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ABSTRACT

It is necessary to employ the interpolation technique to resolve problems, which are
associated with the characteristic locus in time-distance space, in the unsteady an-
alysis of pipe flow. Various interpolation methods such as linear timeline inter-
polation, linear spaceline interpolation, wave speed adjustment, cubic spaceline inter-
polation and cubic timeline interpolation have been suggested and tested to investi-
gate the interpolation error. Performance of various interpolation techniques was
evaluated both a single pipeline and a complex one. The range of error was calculatec
as the courant number varied between 0 and 1 in a single pipeline. Reorganization of
computational element and proper selection of interpolation method are found to be

prerequisites for the effective computation of unsteady analysis.

Key Words : Interpolation, Pipe Flow, Characteristic, Reorganization, Unsteady
Analysis
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Fig. 10. Head variations as a function of C, and interpolation method.
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Table 1. The sum of absolute difference between head for C,=1 and head for other C, with

interpolation method

C,=1/9) C,=2/9| C,=3/9

C,=4/9| C,=5/9} C,=6/9| C,=7/9| C,=8/9

Linear timeline interpolation
at unknown level

31573.14 130310.15| 28563.21

26128.74| 22796.97 | 18470.8 | 13201.76 | 7100.015

Linear timeline interpolation . .
at known level

* 5323.856 | 8915.21 | 6594.569 | 5H760.758

Linear spaceline interpolation| 31575.44 |130312.67| 28566.32

26132.49] 22801.32) 18474.99 ] 13204.89 | 101,928

Wave speed adjustment

33387.9935291.26) 39792.04

51805.27| 51418.65 | 48088.17 | 45899.09 | 39703.78

cubic compact spaceline
interpolation

28116.88112085.56| 7903.548

5554.344| 4093.108 | 3106.9 |2424.078] 894.573

cubic compact timeline . .
interpolation

* 363.6985 | 408.5776 | 408.9809 | 357.5045

(*can't solve)
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Fig. 11. A complex network.

Table 2. Feature of the pipe in Fig. 10(a)

Pipe Number | Upstream node | Downstream node | Length(m) Diameter(m) Darcy friction factor
1 1 2 200 0.5 0.04
2 2 3 200 0.5 0.04
3 3 4 400 0.5 0.04
4 4 5 200 0.5 0.04
5 5 6 200 0.5 0.04
6 2 7 100 0.5 0.04
7 7 8 200 0.5 0.04
8 3 8 100 0.5 0.04
9 3 9 200 0.5 0.04
10 9 10 100 0.5 0.04
11 10 11 100 0.5 0.04
12 4 11 200 0.5 0.04
13 9 14 200 0.5 0.04
14 11 14 200 0.5 0.04
15 14 15 200 0.5 0.04
16 15 16 200 0.5 0.04
17 15 17 200 0.5 0.04
18 7 12 400 0.5 .04
19 & 13 400 0.5 0.04
20 12 13 200 0.5 0.04
21 12 18 100 0.5 0.04
22 13 20 100 0.5 0.04
23 13 19 100 0.5 0.04
24 19 20 100 0.5 0.04
25 20 21 200 0.5 0.04
26 19 22 200 0.5 0.04
27 13 23 200 0.5 (.04
28 21 22 100 0.5 0.04
29 22 23 100 0.5 0.04
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Fig. 12. Head variation as a function of C, and interpolation method.

Table 3. The sum of absolute difference between head for C,=1 and head for other C, with

interpolation method

Linear timeline| Linear timeline |, . o cubic compact | cutic compact
. ) \ : . Linear spaceline| Wave speed X R
interpolation at| interpolation at interpolation adjustment spaceline timeline
unknown level |  known level P ’ interpolation | interpolation
minimum C,=0.25 147.4407 * 147,941 320.4643 84.0252 '
minimum C,=0.5 123.3062 0792 123.8167 337.3362 73.7797 25.6738
{* . can't solve)
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