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11 Abstract

12 The present study focuses on the numerical modelling of gas-jet wiping process. Many processes involving liquids are necessary
13 during steel manufacturing, such as cooling, lubrication or cleaning. Satisfactory processes for removing the liquid are critical for
14 the quality of the product obtained as well as for avoiding a product rejection in strip lines such as tandem mills and tinning lines.
15 One the most widespread drying technology used is based on planar air-knives or nozzle rows which wipe the liquid out from the

16 steel strip by creating an aerodynamic barrier.

17 The objective of this paper is to analyze the performance of a simple air knife based on an inclined planar jet that is commonly
18 used in many commercial or in-house built devices. A CFD model developed by using commercial software ANSYS FLUENT®
19 was built in order to evaluate the wiping system depending on the type of feeding: central and lateral.

20

21
22

23 1. Introduction

24 Many processes involving liquids are necessary during steel
25 manufacturing, such as water cooling, lubrication, or cleaning.
26 However, once those liquids have accomplished their
27 purpose, they must be removed from the product surface
28 because unsatisfactory drying critically affects downstream
29 the production process and it would lead into a high degree of
30product rejection. Therefore, drying the product after the
31 application of these fluids is completely critical for the whole
32 performance of a steel manufacturing line in order to boost the
33 productivity.

34 Cold rolling mills or continuous coating lines are, for
35example, facilities where drying a continuous strip is a
36 bottleneck in the productivity because new advances in
37 technology, such as improved lubrication, process control,
38rolling techniques, etc., have noticeably increased the speed
390f the lines. The objective of the cold rolling mills, which is
40tandem or temper mill, is to reach the final thickness,
41 metallurgical qualities and to get better surface quality and
42 metallurgical homogeneity of the coils. To do this, they used to
43 work in wetted conditions usually employing a water-based
44 emulsion which is critical for the quality of the product. This
45 emulsion must be removed from the product before coiling in
46 order to avoid stains.

47 On the other hand, in tinplate lines the strip passes through
48 a rinsing tank that covers it with an aqueous solution before
49the application of coating. The objective of these lines is to
50provide the steel substrate of a tin coating for its
51 electrochemical protection and set down a passivation layer
52that protects its surface during storage. In turn, this

53 passivation layer constitutes a suitable anchor for lacquers
54 and varnishes.

55 Drying technologies have been in the spotlight in the last
56 decades in many fields: food industry, minerals, etc... A good
57 review of these techniques can be seen in [1]. Nevertheless, it
58is known that drying is not the best solution in many
59 processes where optical equipment is used for measurement
60 or process control, for example in the case of steel industry.
61 The steam generated during a drying process could hinder the
62 performance of optical measurement devices, or even
63 damage them [2].

64 Therefore, other technologies commonly based on
65 mechanical and/or aerodynamic principles should be used.
66 Many patents related to drying systems for steel industry may
67 be found, and many industrial suppliers offer their equipment.
68 Despite the existence of hybrids systems, a large percentage
69 of commercial devices are based only on aerodynamics: air
70knives, air nozzle rows, vacuum-aid systems, etc., are
71 employed to remove the liquid from the surface. These kinds
72 of systems are also applied in food industry, electronics,
73 pharmaceutical, etc. where particle deposits, both liquid and
74 solid, can damage the final product. The key, in the case of
75 steel industry, is the amount of liquid to be removed. As an
76 example, in cold rolling the 95% of the electricity consumed is
77 transformed into heat in the roll bite. A standard tandem mill of
785 stands consuming from 15 to 20MW/h needs about 1000
79m3/h of refrigeration water flow. Another example is the
80 tinning line within the rinsing section, where the strip, due to its
81 own process inertia speed (which can reach 500 m/min),
82drags a layer of water (up to 10 microns). It is critical to



1remove all the residual humidity left after the rinsing section
2 and before applying the passivation solution.
3 The most basic system for blowing-off liquid from a surface
4 is an impinging round jet, perpendicular or oblique to the strip.
5 The phenomena associated to an impingement round jet has
6 been extensively studied by several authors using analytical,
7 experimental and Computational Fluid Dynamics (CFD)
8techniques. All the work related to this topic mention two
9 separated regions: the impingement jet and the axisymmetric
10wall jet generated downstream the stagnation point (see Fig.
111, A). The wall jet resulting from an axisymmetric round jet has
12 been experimentally studied in [3]. In [4], it was presented
13 experimental measurements about the wall jet of a round jet
14 impinging orthogonally on a flat surface using hot-wire
15 anemometry. CFD techniques are also used for research on
16round jets. In [5], it is presented a numerical study of a round
17 jet impinging normally onto a liquid surface and the results
18 obtained were compared with Particle Image Velocimetry
19 (PIV) measurements. And in [6], CFD is used to calculate the
20 velocity fields of impinging jets. Moreover, there are some
21 references ([7], [8]) where correlations to assess the velocity
22 profile of such wall jets can be found, both laminar and
23 turbulent flow which is defined by Reynolds number at jet exit.
24 Industrial applications of round jets to blow off liquids on
25 surfaces can be found in [5], [8] and [9].
26 However, arrays of round jets do not provide optimum
27 blowing conditions for continuous strip lines and it is not
28 common to see arrays of round jets in such installations. This
29 ground is more propitious to planar jets, whose interaction
30with planar surfaces has been also analyzed from different
31 points of view [11]-[13]. It is important to remark that while for
32normal impingement of planar jets the flow is entirely
33 symmetric, this is not for oblique impingement as can be seen
34in Fig. 1 B, where D is the gap of the nozzle, U, is the mean
35 velocity through the nozzle outlet, H is the distance of blowing,
36U, is the maximum velocity of the wall jet, ¢ is the boundary
37 layer thickness and T is the wall shear stress. The wall shear
38stress is an important factor for wiping. It is known that, in
39 coating lines, the wall shear stress (1) has a significant effect
40 on the wiping results [14]. In [15] it is demonstrated that the
41final coating thickness depends on both pressure at the
42 stagnation region and shear stress caused by the wall jet.
43 Therefore, it can be easily concluded that shear stress will
44 have a main role in drying systems based on aerodynamic
45 wiping.
46 Nonetheless, bibliography about planar jets wiping liquids
47 on planar surfaces is scarce. Most of it deals with the
48 performance of air knives in Hot Dip Galvanizing (HDG) lines,
49 where the planar jet created by the air knives is used to wipe
50the excess of molten zinc [16]. This topic has been
51 exhaustively studied through the last decades using a wide
52range of techniques. In [17], it is presented a CFD
53 aerodynamic study of an air-knife for galvanizing process in
54 order to find out the causes of the check mark. In [18], it is
55 presented a study of a jet-wiping interaction for galvanization
56 process in order to evaluate the splashing phenomena. [11]
57 also studies the process by means of two-phase numerical
58 simulations and compare different types of turbulence models.
59And a numerical analysis in order to predict the sag line

60 formation and the coating thickness is presented in [19].

61 Unfortunately, work related to the utilization of planar jets
62 with the aim of blowing-off liquids from a continuous strip is
63 really limited due to the complexity of the problem because it
64 involves an extremely thin liquid layer combined with a very
65 large domain. Nevertheless, since the liquid layer is very thin,
66 its effects on the wall jet could be considered negligible.
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68 Fig. 1. A: Axisymmetric round jet or planar impinging perpendicularly on a
69 planar surface. B: inclined planar jet impinging on a planar surface.

70 In this work the authors analyze the performance of a single
71 planar jet, working as an air knife, which is present in many
72 commercial or in-house built devices. Commercial systems
73 supplied by manufacturers do not present flaws generally, but
74 many times, these systems must be installed in previously
75 built factories which need to improve the drying process. In
76 these cases, it is common to face a real problem about finding
77 enough space to install such devices, thus, changes on the
78 mechanical design of the systems could be needed. Those
79 changes could deteriorate the performance, even finding that
80 no improvement was achieved after installing the new device,
81 which is generally very expensive. This work is focused on the
82 study of an air knife that was modified for its installation in a
83 tin-plate line. The mechanical design was changed to allow
84 the feeding air to enter from the top of the air knife instead of
85 from the side (Fig. 2). Apart from that, the width of the air knife
86 slot is set by using an array of screws. Due to the proximity of
87 the air knife to the strip surface, the effect of the wake of these
88 screws on the pressure and velocity fields has been analyzed.
89 The study is based on the application of CFD techniques to
90 assess the pressure and velocity field. The numerical model
91 has been validated using data from the bibliography. The
92 analysis of the results has shown that the position of the inlet
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1 critically affects the performance of the system as it will be
2 shown afterwards.

3

4 2. Material and Methods

5 In this section the authors describe the numerical model
6 employed. The details of the geometry, the building of the
7mesh and the characteristics of the numerical model are
8 exposed in the following subsections.
9
10 2.1 Geometry
11 The geometry of the model is composed of an air knife (Fig.
12 2), which gap (D, see Fig. 1) is 24mm, blowing onto a strip 25
13 mm (H, see Fig. 1).
14 In order to perform the study of different configurations of
15the collector, lateral/central feeding and screws influence, a
16 geometry that includes all the possibilities was generated with
17 the aim of simplify the mesh generation process. When the
18 lateral feeding is simulated, the central feeding is disabled and
19 vice versa.
20 The air-knife width is 1400 mm, and the strip width (2) is
211200 mm. According to the manufacturer's specifications, the
22 planar jet should be blowing with a deviation of 10" - 15° (a in
23 Fig. 1) from perpendicular to the strip and against the direction
24 of the strip velocity. The analysis was performed with an air-
25 knife located at an angle of 10°.
26 There are 12 screws (see Fig. 2, C) in the air-knife but only
27 10 of them are located over the 1200 mm of strip. The screws
28 have a diameter of 5 mm, which is a fifth part of the gap
29 between the air-knife and the strip. The first and last screw
30 holes are separated L,=30 mm from the sides of the air-knife,
31 whereas the whole set is placed in a regular pattern separated
46
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4% Fig. 3. Mesh detail. A) Lateral feeding, B) Mesh around the screws, C) Central feeding

49
50 2.3 Numerical Model
51 The simulation of the model was made in ANSYS FLUENT
52 16, which uses the finite volume method to solve the Navier-
53 Stoke equations. The model is incompressible since the Mach
54 number (equation (1)) at the nozzle outlet is about 0.1.
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%4 Fig. 2. A) Sketch of the geometry of the model. B) Detail of the lateral
35 feeding. C) Detail of the collector: collector width L,=1400 mm, separation
36 of the first and last screw from the side L,=30 mm, separation between
37 central screws L,=121 mm, strip width L,=1200mm.

38 2.2 Mesh Generation

39 The mesh (Fig. 3), built in ANSYS ICEM CFD, is structured
40and composed of 8.7M of hexahedral cells. The quality of the
41 mesh according to the determinant of the Jacobian matrix
42 (Determinant 3x3x3) is higher than 0.55, having the 90% of
43 the cells a determinant higher than 0.9. The minimum internal
44 angle of each element is higher than 18 degrees and the
45 thickness of the first cell on strip is 0.6 mm.

55
56
57 Thus, the Navier-Stokes equations to be solved considering
58 the assumption of incompressible flow are:
ou; 0 (
0x; 2)
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1 The strip is moving at a speed of 600 m/min. The inlet flow
2 of air into the collector, supplied by a “Sonic 350 37.5KW” is
32973m3/h. The Reynolds number, which is defined in
4 equation (4), is 57600 according to this numbers.
pvL
u

Re 4
5
6 The model system is isothermal, thus the density of the air
7 at 20 °C is 1.204 kg/m®and the kinematic viscosity of the air at
8200Cis 1.51x 107> m?/s.
9 Since the blowing conditions and the strip velocity remain
10fixed in the real process, the simulation was carried out in
11 steady state regime, so the resulted values are an average.
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Fig. 4. Boundary conditions of the model

MESH 1

44

MESH 2

14 Therefore, the boundary conditions, velocity inlet (45 m/s)
15and velocity of the strip in the X direction (600 m/min) are
16 constant in every simulation (Fig. 4). Four simulations were
17 performed to evaluate the design of the air-knife collector:

18 e lateral feeding with screw holes

19 e lateral feeding without screw holes
20 o central feeding with screw holes

21 e  central feeding without screw holes.

22 The velocity-pressure pair was reproduced through a
23 SIMPLE algorithm, a second-order discretization was used for
24 pressure, momentum and turbulent kinetic energy and
25 dissipation rate. The choice of turbulence model has been
26based on references [20][5] where the Realizable k-¢
27 combined to Enhanced Wall Treatment is recommended. This
28 near wall treatment is appropriate since the y* (equation (5) ),
29 near the strip is in the required order for the turbulence model
30being y*=~1.

L )
yo= v
31
32 2.4 Mesh sensitivity and validation
33 It is known that the mesh resolution plays a critical role in

34these CFD simulations because it is important to faithfully
35reproduce the jet shear layer. Prior to perform the CFD
36 simulations, a simple 2D geometry without screws holes and
37 with the planar jet impinging perpendicularly onto a static
38 plate, the same case as [14], was created in order to validate
39 the numerical model and analyze the mesh independency.

40 Three meshes were generated, considering the necessity of
41 cells in the vicinity of the jet, from course to dense to ensure
42 that the result from the simulations were sufficiently mesh-
43 independent (Fig. 5).

MESH 3

45 Fig. 5. Detail of the mesh in the vicinity of the impingement. Perpendicular jet impingement.

46 It was compared the pressure against the length into the
47 impinging line, as it was made by previous authors [14], who
48 studied the pressure field against X/D for various H/D.
49 According to the manufacturers guidelines for installing these
50devices, the ratio should be H/D=1. The author [14] uses a

51 Reynolds number of 11000, and the model that is being
52 studied has a Reynolds number approximately 5 times higher.
53 Despite the fact that many authors defend the independence
54 of the impingement pressure on Reynolds number [14][22], it
55 was decided to analyze the influence of Re by simulating the
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1same case as [14]. As can be seen in the Fig. 6, the
2 difference of the Reynolds number is negligible. It is important
3to remark that the impingement pressure distribution shown
4 by the authors differed from the others in the x/D direction in
5 an average of 7%. This fact might be due to the geometry of
6the gap of the nozzle. Furthermore, all of them follow the
7 same tendency. The mesh 1 has a worse prediction than the
8 other two, whereas the higher the mesh size, the lower the
9 differences between meshes. According to this sensitivity
10 analysis the mesh selected to perform the simulations is the
11mesh 2 because it offers results that differ from the
12 experimental below 0.2% with a lower computational cost than

13 the mesh 3.
-1 -

~Mesh1; Re=57600
-Mesh2; Re=57600
Mesh2; Re=11000
4~ Mesh3; Re=57600
B—Exp; Re=11000

4 x/D
15 Fig. 6. Mesh Independence and validation. Experimental data (in black)
16 was taken from [14].

17 It is important to note that the 3D model created with the
18 aim of performing the numerical analysis of the whole air knife
19 reproduces exactly the 2D meshing of the validation in the jet

20 region.

21

22 3. Results and discussions

23 In order to evaluate the performance of the different

24 configurations of the air-knife, having a wider view of the
25 phenomena, velocity and pressure values were extracted from
26the model. First, as a general view of the problem, it can be
27 seen a different flow distribution within the collector. Fig. 7
28 shows the velocity streamlines for both configurations: central
29and lateral feeding. It can be concluded that the central
30feeding has, in general, a less uniform distribution than the
31 lateral feeding, but lateral feeding has a weak point in the side
32 where the feeding is connected. This defect at the feeding
33side in the lateral feeding arrangement, which will be shown
34 later thoroughly, could lead into a lack of flow in this side of
35 the air knife. This would involve a non-satisfactory wiping of
36 the liquid.
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38Fig. 7. Velocity Streamlines for central/lateral feeding air-knife without
39 screws.

40 Fig. 8 corresponds to a plane at Z=0.6 m, just in the middle
41 of the air-knife at the same point of the central feeding. In this
42 plane, static pressure and velocity magnitude contours are
43 plotted for the two configurations with the aim of analyzing the
44 effect of the central feeding on the nearest region where the
45 lateral feeding provides a uniform patter as is shown in Fig. 7.
46 Therefore, on the left, the lateral feeding collector shows a
47 typical pressure and velocity distribution of an impinging jet,
48 having a uniform pressure inside the collector and reaching
49 the maximum velocity at the outlet of the air knife.

50 Regarding central feeding, a clear pressure gradient is
51 observed in the pressure contours (Fig. 8), being associated
52 with a large flow detachment just below the feeding inlet. The
53 magnitude of this flow detachment can also be seen in the
54 velocity contour of central feeding plot (Fig. 8). Hence, a great
55 amount of loss is generated in this region so the jet at the
56outlet is affected as well. In the velocity contour of central
57 feeding plot (Fig. 8), looking at the outlet of the air knife, the
58 nozzle is partially blocked in this region due to the vortex
59created at the collector inlet. Therefore, the jet coming out
60from the nozzle towards the strip is narrower, and its
61 maximum velocity is larger than in the lateral feeding
62 configuration. It can be seen in the pressure contour of the
63 central feeding plot (Fig. 8) that the stagnation region is
64 smaller and slightly displaced because of this effect. Although
65 the purpose of this figure is not the Wall Jet generation on the
66 strip, it is clearly seen that the larger stagnation region in the
67 lateral feeding causes a more uniform wall jet downstream the
68 impingement.

69 The 3D effects created by the feeding type can be seen in
70the next figures (Fig. 9, Fig. 10 and Fig. 11).
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2 Fig. 8. Velocity and Static Pressure of a transversal plane of the air-knife

3 for centralllateral feeding without screws at Z=0.6m.

4 The magnitude of the Y’ velocity in the plane Y’Z (Fig. 1) for
5the gap between the jet outlet and the strip is shown in Fig. 9,
6 where two phenomena automatically draw in attention:

7 ¢ Non-uniformity velocity field related with the type of
8 feeding.
9 e  The peaks in the gradients caused by the presence

10 of the screws.

11 Asreflected in Fig. 9, in the case of the central feeding there
12is a velocity peak at Z=0.6 m, that is also shown in Fig. 8. This
13 peak is a consequence of the jet generated at the outlet of the
14 feeding duct.

15 The influence of the screws is shown as peaks in the
16 contours for both configurations. As it can be seen in Fig. 9,
17 hoth configurations have strong wakes that are not completely
18 dissipated before reaching the strip. In the lateral feeding
19 collector, the first screw starting from Z=1.2 m is not creating
20wake because it is just below the recirculation zone near the
21inlet. The screw blocking effect reduces the cross section and
22 thus higher velocities and higher impact pressure, as it will be
23 shown afterwards.
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25 Fig. 9. Velocity contours in Y-axis in the gap between the air-knife and the
26 strip.

27 The 3D effects previously seen in the velocity field will affect
28the stagnation region on the strip. In order to analyze this
29 effect, the static pressure (P) was taken from the strip surface
30at the jet impinging line (Fig. 2) for all the different
31 configurations of the collector: lateral feeding with/without
32 screws and central feeding with/without screws (Fig. 10).
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34 Fig. 10. Static Pressure [Pa] along jet impinging line.

35 At first sight, it can be extracted from Fig. 10 that the
36 performance of the air knife depends critically on the position
37 of the feeding line. The static pressure in the case of central
38feeding configuration is not uniform while lateral feeding
39 configuration is approximately uniform in most of the span
40 except just close to the inlet.

41 Central feeding creates a larger impingement pressure,



0000

1above 1kPa, just in the middle of the strip whereas a lack of
2 pressure is detected in lower Z-coordinates, reaching a value
3of 311Pa. At larger Z-coordinates the pressure reaches
4 average values remaining approximately constant between
57=0.8m and Z=1.2m, being larger than the values at Z<0.6m.
6 This lack of symmetry in Z-coordinate with respect to the inlet,
7 is produced by the elbow (see Fig. 3-C). The curvature of the
8 pressure gradient created at the elbow drives the flow towards
927>0.6m when entry into the collector, producing higher
10 velocities in this region. This is caused by the position of the
11 elbow of the feeding duct, which is too short to suppress all
12 the Z-velocity of the incoming flow.
13 On the other hand, lateral feeding shows a completely
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14 different pattern. The impingement pressure remains constant
15along almost the whole width of the strip, from Z=0 to Z=1
16 (Fig. 10). However, this configuration fails to maintain a
17 minimum pressure in the feeding side. This point is
18 undoubtedly a bottleneck in the wiping process.

19 Apart from the differences depending on the feeding, the
20 presence of the screws can be easily detected because the
21 data show a clear influence of the wakes on the impingement
22 pressure. This effect is seen for both configurations, central
23 and lateral feeding. Considering the peaks produced by the
24 screws (Fig. 10) the effect of the impinging pressure is
25 reduced by 30%.
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26
27  Fig. 11. Static Pressure contours on the strip where the influence of the screws can be seen.

28 Inthe Fig. 11, it is presented the static pressure contours on
29the strip around the stagnation line. In the lateral feeding
30 configuration, an average pressure of 750 Pa can be seen in
31 a uniform width above 0.032m while in the central feeding
32 configuration it is presented a peak of pressure at Z=0.6m and
33 an average pressure of 600Pa in a width of 0.023m located at
34 7>0.6m.

35 Although there is certain dependency on the position of the
36 screw, most screw effects are the same. The relative position
37 of the screws with respect to the feeding duct determines the
38 wake direction. Regarding lateral feeding, they are equally
39 spaced and there is no wake in Z>1.2m due to the absence of
40flow. In the case of central feeding, they are projected in
41 different directions due to the irregular flow pattern that was
42 seen in Fig. 7. These facts can be seen in Fig. 12 where it is
43 compared the velocity contours in the plane Y’-Z for both
44 configuration: central and lateral feeding, with screws.
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2 Fig. 12. Velocity contours in Y'Z plane for lateral/central feeding with
3 screws.

4 In addition to that, the TKE (Turbulent Kinetic Energy) is
5analyzed in the central feeding with screws case. As can be
6 seen in Fig. 13, there is a high turbulent zone coinciding with
7 the central space of the air-knife (approximately at Z=0.9,
8caused by the type of feeding. This turbulent flow leads to
9 notable fluctuations. This pattern of TKE is not seen in the
10 lateral feeding case.
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12 Fig. 13. TKE (Turbulent Kinetic Energy) contours for central feeding case
13 with screws. A) Y’Z plane of the complete air-knife. B) YX plane at Z=0.88

14 m (coinciding with one of the screws). C) Zoom view of the Y'Z plane for
15 the screw at Z=0.88 m.

16 Moreover, in Fig. 13, C, the TKE for the screw at Z=0.88 m
17 is shown.

18 In the Fig. 15, wall shear stress distribution on the strip
19 surface is shown. As expected, the shape of the wall stress
20 distribution that is created by the wall jet, depends on each
21 different geometry that were analyzed in this work. For no-slip
22 wall conditions, FLUENT uses the properties of the flow
23 adjacent to the wall boundary to predict the shear stress on
24 the fluid at the wall. As it can be seen, there is a difference on
25the wall shear stress contour along the Z-axis due to the
26 different type of feeding. In the case of lateral feeding, it can
27 be concluded that in Z=1-1.2 m there is a conflictive point
28 where the wiping is not as effective as in the rest of the strip.
29 This can lead to water passing through the air knife in this side
30 of the strip.
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N
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£,100
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= ? 12
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08 0 O° 8

09
0.8 0

31 X [m] ZIml

32 Fig. 14. Relation between TKE of the jet and Wall Shear Stress comparing
33 both cases of central feeding with and without screws.

34 On the other hand, it was previously seen (Fig. 11) that
35 central feeding has its weak point in Z=0.2-0.4 m. This region
36 could become a sink which would create a problem allowing
37 patches of water passing through the air knife. The screw
38influence in the shear stress is not significant but it can be
39 appreciated more unstable lines of TKE in the case of the
40 geometry with screws (Fig. 14), that have an influence in the
41 Wall Shear Stress. Nevertheless, the effect of the TKE is
42 dissipated when it is closer to the strip.



0000

LATERAL

LATERAL with screws

X[m]

0
1.2 0

0
0 0.6
Z[m]

0.6
Z[m]

1.2
1

2 Fig. 15. Shear Stress on the strip surface.

3 3. Conclusions

4 In this work, two different configurations of commercial air-
5knives were simulated in a numerical model created in a
6 commercial software ANSYS Fluent v16, to analyze the
7 aerodynamic performance of each configuration. The
8 numerical model was validated with experimental data taken
9 from the bibliography.
10 The disorder of the flow created at the entrance of the
11 collector is critical in its performance, being higher in the case
12 of the central feeding case. This fact is related with many
13losses and with a non-uniform velocity pattern at the outlet.
14 On the other hand, in the case of the lateral feeding collector,
15 despite having a more uniform pattern, there is a whirl that
16 generates a weak point in the side of the lateral feeding.
17 Besides, the central feeding geometry has a point of large
18 impingement pressure in the middle of the collector, coinciding
19 with the feeding position, and a lack of pressure in lower Z-
20 coordinates due to the elbow of the pipeline. Nevertheless, the
21 central feeding geometry manage to achieve a more uniform
22 wall jet which results in a better wiping distribution in terms of
23 the whole strip width. In contrast, in the lateral feeding, the
24 weak point could lead to let the water going through the side
25 of the strip, but this problem can be fixed by making the
26 collector larger so that the feeding of the collector could be
27 more separated from the strip side.
28 In addition, it is proved that the screws used to assess the
29 continuous width of the nozzle of the air-knife have a negative
30influence in the impinging pressure, since the wake
31 downstream the screws reach the strip surface. However, this
32 effect is less important than the effect of the feeding.
33 The results obtained show that the performance of a single
34 air-knife would result in an unsatisfactory liquid removal.
35 Changes in the arrangement of the device, such as the
36 blowing distance, the air-knife inclination, the nozzle width,
37 multi-lateral feeding or even the combination of several air-
38knives, could cause an improved performance of the wiping
39system. Therefore, future works should be focused on
40 analyzing the effect of this variables.
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49

50Nomenclature

51 -

52 Ma :Mach number

53 L :Characteristic linear dimension

54 Re :Reynolds number

55 v : Flow velocity [m-s™!]

56 ¢ : Speed of sound in the medium [m-s™]

57 wv, : Friction velocity [m-s™1]

58 y* : Dimensionless wall distance

59 y : Absolute distance from the wall

60 p :Density of the fluid [kg-m~3]

61 p :Dynamic viscosity of the fluid [Pa-s ]

62 v :Kinematic viscosity of the fluid [m? - s7]
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