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Procedure:

1. The panel is modeled using software GAMBIT. The dimensions of the plate were taken as  36.5” x 3.3”. The thickness of the plate is very small as compared to the length and the width so the model is considered as two dimensional for simplicity. 

2. The plate is spot welded in between, so the flow will be through the gaps between the welds. So modeling this welds I have made the holes on a rectangular plate. 

The diameter of the plate is taken as 0.312”. 

3. While defining the boundary condition I have given “ WALL” as a boundary condition to the periphery of each of the circle, which means that flow will not be there across the hole.

4. To mesh the object, as it is a two-dimensional object quadrilateral elements as (TRI) have been selected. 

And the interval size of the element is been 0.1”. 

(We can use different types of meshing elements e.g. Quadriangular, tri/Quad. Etc.)

5. The mesh is been exported in fluent as panel.msh

6. In fluent the grid is checked. 

7. I have given the flowing fluid as water-liquid.

8. Then while defining the boundary condition at the  inlet   pressure inlet is selected and the value is given  as per the values obtained in the physical experiment.

9. Operating condition is kept as atmospheric.

10. I run the 6 cases for each different inlet pressure condition and calculated the pressure at the outlet and also velocity at the inlet.

11. By using the formula 
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And knowing the L and D (equivalent length and dia.) V (vel. At the inlet.)

And  
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(pressure difference between inlet and outlet) I found the friction factor f. I have got the flow velocity vector which I have attached. 

Data obtained from fluent

case 1. for inlet pressure 18 psi.
                        Integral

                  Total Pressure         (Pascal)(m2)

-------------------------------- --------------------

                           inlet             1576.141

                            Area                 (m2)

-------------------------------- --------------------

                           inlet          0.012699999

                            Area                 (m2)

-------------------------------- --------------------

                          outlet          0.012699999

                        Integral


                  Total Pressure         (pascal)(m2)

-------------------------------- --------------------

                          outlet            984.4502

                        Integral

              Velocity Magnitude            (m/s)(m2)

-------------------------------- --------------------

                           inlet                     0.09075

case 2. for inlet pressure 20 psi.

                            Area                 (m2)

-------------------------------- --------------------

                           inlet          0.012699999

                            Area                 (m2)

-------------------------------- --------------------

                          outlet          0.012699999

                        Integral

                  Total Pressure         (pascal)(m2)

-------------------------------- --------------------

                           inlet            1752.2452

                        Integral

                  Total Pressure         (pascal)(m2)

-------------------------------- --------------------

                          outlet            1095.4705

                        Integral

              Velocity Magnitude            (m/s)(m2)

-------------------------------- --------------------

                           inlet          0.09563

Case 3.  for inlet pressure 25 psi. 

                            Area                 (m2)

-------------------------------- --------------------

                           inlet          0.012699999

                            Area                 (m2)

-------------------------------- --------------------

                          outlet          0.012699999

                        Integral

                  Total Pressure         (pascal)(m2)

-------------------------------- --------------------

                           inlet            2189.0852

                        Integral

                  Total Pressure         (pascal)(m2)

-------------------------------- --------------------

                          outlet            1369.7556

                        Integral

              Velocity Magnitude            (m/s)(m2)

-------------------------------- --------------------

                           inlet                0.10694

case 4. for inlet pressure 30 psi. 

                        Integral

                  Total Pressure         (pascal)(m2)

-------------------------------- --------------------

                           inlet            2626.9021

                       Integral

                  Total Pressure         (pascal)(m2)

-------------------------------- --------------------

                          outlet            1644.561

                        Integral

              Velocity Magnitude            (m/s)(m2)

-------------------------------- --------------------

                           inlet          0.117185

case 5. for inlet pressure 56 psi.

                          Area                 (m2)

-------------------------------- --------------------

                           inlet          0.012699999

                        Integral

                  Total Pressure         (pascal)(m2)

-------------------------------- --------------------

                           inlet            4903.5508

                        Integral

                  Total Pressure         (pascal)(m2)

-------------------------------- --------------------

                          outlet            3070.3093

                            Area                 (m2)

-------------------------------- --------------------

                          outlet          0.012699999

                        Integral

              Velocity Magnitude            (m/s)(m2)

-------------------------------- --------------------

                           inlet           0.16013

case 6. for inlet pressure 90 psi. 

                       Area                 (m2)

-------------------------------- --------------------

                           inlet          0.012699999

                        Integral

                  Total Pressure         (pascal)(m2)

-------------------------------- --------------------

                           inlet            7880.7065

                        Integral

                  Total Pressure         (pascal)(m2)

-------------------------------- --------------------

                          outlet            4932.8823

              Integral

              Velocity Magnitude            (m/s)(m2)

-------------------------------- --------------------

                           inlet           0.202928

Sample calculation:

Case 1. 

                 Inlet total pressure = 18 psi

                    Outlet pressure  = 521.56494  (pascal)(m2)


            Area at outlet = 0.0126669 (m2)

       Outlet pressure in pascal = 984.4502/0.0126669

    
  

           = 77515.76 pascal

      Outlet pressure in psi       = 11.242711 psi.

Pressure loss = 18- 11.242711 = 6.7572 psi.
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=  4.75078meters of water.

              Velocity at the inlet = 0.09075 (m/s)(m2)

                     Velocity in m/s = 0.09075/0.0126669


    
                       = 7.145669 m/s

             Equivalent diameter = 0.14312”

               Equivalent length    = 36.5”
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  f = 0.007157

Calculation table.

	Inlet pressure

Psi
	Outlet pressure

Psi
	Velocity

M/s
	Friction factor using fluent

f

	18
	11.242711
	7.145669
	0.007157

	20
	12.510595
	7.5299
	0.007114

	25
	15.643013
	8.42944
	0.007318

	30
	18.781371
	9.22722
	 0.0071268

	56
	35.0638
	12.6086
	0.007123

	90
	29.85185
	10.0629
	0.0071324


Approximations and assumptions:

1. The length of the panel is large as compared to the thickness. So the model is considered as two-dimensional. so the flow is considered to be flowing through only in X and Y directions. But in actual case the panel has some thickness. So the water has some additional space in Z-direction to flow. So the pressure drop at the outlet would be different that what we got in fluent. And so the frictional loss.

2. For calculating the frictional factor we have given our equivalent diameter as 0.14312 in., which may be different than the exact value. This will lead to some errors in our solutions.

3. To calculate the pressure at the inlet and outlet “FLUENT” assumes itself the thickness of the plate as 1 meter. And give the force as pressure integral over that area. So I have divided that pressure integral by the area to get the pressure. 

PANEL MESH DIAGRAM
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VELOCITY VECTORS.
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