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Abstract

Valves are widely used in numerous industries like Beverage, Food, Dairy, Cosmetic, Pharmaceutical
and Biotech to serve various purposes. Hence, it is strongly needed that each valve must be tested
thoroughly for proper functioning. The equipment used for testing of valves is known as test-rig. At
present, no standard test-rig is available in the market for testing of valves. This study is a part of an
attempt to develop a cost-effective customized test-rig for multiple valve testing. In present study,
pressure-drop in various cross-sections of the proposed test-rig has been investigated and validated with
CFD simulation.

1 Introduction

Different types of valves are used in different industries mainly beverage, food, dairy etc. to perform
various operations on fluids like diversion, regulation or restriction etc. In some industries regulation of
fluids become very critical. Since this kind of jobs are mainly dependent on valves, quality and
performance of valves becomes vital. Therefore, it is essential that each valve must be tested under
extreme conditions before actual performance. Valves are tested in some special arrangements called
Test-rig. Presently, no standard test-rig is available in the market. This is a part of, a kind effort to
develop valve test-rig in-house, on which variety of valves can be tested. In this paper, only pressure-
drop within the pipe used in setup has been analyzed and validated by CFD simulation.

2 Analytical Calculations

Following equations are used to analyze pressure-drop in various sections of the proposed test-rig:
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3 Test-rig Design
3.1 Proposed Test-Rig

As shown below, the test-rig is proposed by considering the analytical values obtained from the
equations prescribed in section II.
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Fig. 1. 2D Drawing of Proposed Test-Rig

3.2 Modeling of Test-Rig

As the valves were having a wide range of size variations, two 3D models of test-rig, Setup 1.1 for valve
dia 1” to 4” and setup 1.2 for valve dia 5” to 8 were created in modeling software by considering the
proposed 2D drawing.
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Fig. 2. 3D Model of Setup 1.1
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Fig. 3. 3D Model of Setup 1.2
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4 CFD Simulation

The main aim to perform CFD simulation in this case was to justify the analytical exercise and also
visualize the fluid flow behavior within the main pipe of the test-rig.

4.1 CFD Modeling

In this step, the fluid domain was constructed from the 3D model and different boundary conditions
were applied. In this phase, various properties were also assigned to fluid.

4.2 Meshing

After CFD modeling, meshing of the interest domain was carried out.
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Fig. 4. 3D Meshed Model of Setup 1.1 and 1.2

Meshing was carried out for full opening of various size of valves.

Following criteria has been considered:

o Allocate an appropriate set of global mesh controls.

o Dominate the default mesh type by introducing a different mesh method.

« Dominate the global sizing or additional controls nearby on bodies, faces, edges, or vertices and the
sections close to them by scoping local mesh controls.

4.3 Outputs

Following figures show pressure and velocity distributions in setup 1.1 for different flow-rates of 100,
500 and 1000 GPM for full opening of the valve of size 1”.
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Fig. 5. Presssure and Velocity Distribution @ 100 GPM in setup 1.1
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Fig. 7. Presssure and Velocity Distribution @ 1000 GPM in setup 1.1

Similar results were also obtained for full opening of the different valves of size 2”, 3” and 4”. For larger
valve size, setup 1.2 was considered for which similar results were obtained. Following figures show
pressure and velocity distributions in setup 1.2 for 100, 500 and 1000 GPM for full opening of the valve

size of 5”.
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Fig. 9. Presssure and Velocity Distribution @ 500 GPM in setup 1.2
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Fig. 10. Presssure and Velocity Distribution @ 1000 GPM in setup 1.2

Similar results were also obtained for full opening of the different valves of size 6, 7 and 8.

5 Comparison of results

Pressure-drop in various cross-sections of the proposed test-rig have been calculated analytically and
by performing simulation at various flow-rates. The following figure indicates the different cross-
sections of the proposed test-rig:
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Fig. 11. Consideration of Cross-sections in Proposed Test-rig

5.1 Results Comparison for Setup 1.1
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Fig. 12. Comparison of results for different flow-rates

The above results were obtained for full opening of the valve size of 1”. It was clearly observed that at
higher flow rate the increase in pressure-drop was highly noticeable due to the high frictional loss in
small cross-section. For 27, 3” and 4” valve size, the analytical and simulated results were also found
to be similar.
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5.2 Results Comparison for Setup 1.2

Pressure Drop in Setup 1.2 @ 100 GPM Pressure Drop in Setup 1.2 @ 500 GPM Pressure Drop in Setup 1.2 @ 1000 GPM
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Fig. 13. Comparison of results for different flow-rates

The above results were obtained for full opening of the valve size of 5”. In this case, the value of pressure
drop slightly raised with the increase in flow rate. For 6”, 7” and 8” valve size, the analytical and
simulated results were also found to be similar.

6 Conclusion

From the above graphs, it is clearly observed that the values derived from analytical and simulation
methods were found to be almost similar. Moreover, by analyzing the plots for overall pressure losses
in setups 1.1 and 1.2, it can be concluded that losses will be minimum using flow rate of 100 GPM for
both the setups. Hence, the proposed design of the valve test-rig is much appropriate for further
advancement like design modification or fabrication.
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