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Ventilation of Automated Metal Cutting Tables

Digital flow simulations and site measurements were used to characterize the specific
airflow dynamic properties of capture systems fitted to automated cutting tables

BY ROBERT BRACONNIER

ABSTRACT
This study investigated the specific airflow dynamic properties of capture systems
fitted to automated metal cutting tables. Tests were conducted on a multizone venti
lated table equipped with suction slots incorporated into the side panels of the dross
box. They led to a better understanding of the detailed flow structure near the table
and, in particular, characterized the airflows through the various passages between
the compartment under suction and the rest of the workshop; these airflows
counteract potential pollutant leaks. The impacts of the following operating parame
ters on the distribution of air velocities induced by the ventilation were studied:
dimensions and position of the plate to be cut on the supporting table; air extracted
through slots on one or two sides; position of cutting point with respect to table
length; presence of peripheral protective screens; and the existence of drafts in the
workshop.
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Introduction
This study involves thermal cutting
operations using automated machines
operating on a supporting table, on
which metal plates are cut (Refs. 1, 2).
Thermal cutting is accompanied by
particle and gas emission initially beneath the plate at the tool location
(Refs. 3–9). Pollutants emitted are
generally captured by suction systems
fitted to the bottom of the table. Multizone ventilation is often adopted to
reduce the airflow rate because of the
great length of tables. The volume beneath the table is thus divided into
several compartments connected to

suction outlets and the air is only extracted from the active compartment
immediately beneath the operating
cutting tools.
INRS (Ref. 10) recommends designing the ventilation system based
on a criterion provided by the suction
flow per unit area through the horizontal top surface of the uncovered
active zone. The implemented value
of this suction flow per unit area is
called the design velocity. The same
reference recommends setting this
design velocity between 0.7 and 1
m/s (140 to 200 ft/min). ACGIH (Ref.
11) recommends a design velocity of
0.75 m/s (150 ft/min).

Initial pollutant emission occurs in
the active compartment on leaving the
kerf cut in the plate. Downstream of
its generation point, the pollutant
tends to disperse within the active
compartment volume. In general, this
compartment is not airtight. There are
openings (air passages) around its
sides, allowing contact with both the
adjacent compartments and the workshop atmosphere. The pollutant is
thus likely to escape from the active
compartment through these openings.
The role of the table ventilation
system is to induce, inside the various
air passages, air velocities directed toward the compartment interior to
counteract pollutant leaks. The active
compartment acts as an enclosingtype capture system, which confines
the pollutant emitted inside it. The
performance characteristics of the
ventilation system fitted to the cutting
table and its capacity for reducing
worker exposure are therefore characterized by the spatial distribution of
air velocities induced around the sides
of the active compartment.
The aim of this paper is therefore to
characterize specific airflow dynamic
properties for the capture systems fitted to cutting tables. It specifically analyzes the structure of airflows induced around the edge of the active
compartment. It discriminates the relative impact of various operating parameters on the velocity fields and
hence on the degree of fume confinement secured by the ventilation sys-
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A

Fig. 2 — Projection parallel to Y of air velocities in transverse plane
at Y = 0.962 m — Simulation I.

shown to enhance its
legibility. The cutting area is 1.590 m
wide and 3.250 m
B
long. The dross box,
vertically below the
supporting frame
(and into which the
slag falls during cutting), is divided longitudinally by vertical partitions into
five compartments
C
open at the top and
0.650 m long. In its
basic configuration,
Fig. 1 — Simplified diagram of cutting table. A — Perspective
the table is fitted
view; B — crosssectional view; C — compartment 2 top view.
The airflow measurements involved the two shaded areas.
with a suction system on one side, extracting through five
tem. These parameters may involve
0.110- × 0.650-m vertical slots incorthe table’s designer (e.g., choice of sinporated near the bottom of the side
gle- or two-sided suction system) or its
panel in each compartment. Only the
user (e.g., position of the plate to be
slot in the compartment second from
cut on the table or impact of drafts).
the front of the figure is shown. Each
This study involved digital flow simucompartment is airtight in the simulalations and on-site flowmeter and
tions, except for its top face and sucanemometer measurements taken in a
tion slots.
cutting workshop and a comparison of
Figure 1 also illustrates the coordithese two types of results.
nate system applied. Origin O is positioned at one corner of the cutting
Materials and Methods
area on the same level as the underside of the plates. The X-axis lies along
Simulated Cutting Table
one of the short sides of the cutting
area and the Y-axis along one of the
long sides. The Z-axis is vertically asThe structure of a laser cutting
cending. Compartments are numbered
table on site was schematized to derive
1 to 5, by convention, in the increasing
the geometry of the table used in the
Y-coordinate direction. In general,
airflow simulations. Figure 1 provides
each compartment is adjacent to a
a simplified diagram of the simulated
lower numbered compartment, called
table. Some components are not
92-s WELDING JOURNAL / MARCH 2015, VOL. 94

the front compartment, and to a higher numbered compartment, called the
back compartment. Similarly, to facilitate identification in the remainder of
this paper, it was agreed to call the
long side of the table, adjacent to the X
= 0-m plane, the left-hand side, and
the opposite side, the right-hand side.
The supporting frame is made up of
straight vertical steel plates. It comprises two 3.250-m-long stringers
(marked 1 and 2 in Fig. 1A) running
parallel to the length of the table and
31 1.580-m-long cross-members parallel to the width and numbered 1 to 31
in the increasing Y-coordinate direction. Only cross-members 13 to 17 are
shown in Fig. 1A. The spacing between
cross-members is 0.102 m.
In an installation observed on site,
the top edge of each plate in the supporting frame featured a row of 26mm-high vertical triangular teeth. It
was impossible to model these teeth
individually, so in the simulations the
top edges of the stringers and crossmembers are straight and the teeth
have been replaced by a 13-mm-high
gap between the frame and the underside of the plate. This effectively preserves quantitatively the available air
circulation area between the frame
and the plate.
The system is surrounded on all
four sides by peripheral screens protecting from optical radiation (marked
3 in Fig. 1B). They delimit a space
open at the top 2.570 m wide and
3.970 m long. The cutting installation
is located in the middle of a square
workshop 4 m high and 14 m wide. A
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Fig. 3 — Projection parallel to X of air velocities in longitudinal
plane at X = 0.795 m (table plane of symmetry) — Simulation I.

20-mm-thick plate (marked 4) was
used for the simulations. The bottom
face of this plate was positioned 13
mm above the top of the modeled supporting frame and 26 mm above the
top of the dross box. In the basic configuration of the table, the active compartment is ventilated through a suction slot located in the right-hand wall
of the dross box — Fig. 1. Some simulations used additional slots located at
the same height in the left-hand wall.
In the remaining description, the vari-

Fig. 4 — Longitudinal profile of mean air velocity in uncovered

ous suction slots
area to right of plate — Simulation I.
equipping the table
are designated by
using FLUENT fluid dynamics softan identifier combining the letter L or
ware (Ref. 12). This program uses an
R, for the relevant side of the table
iterative process to solve conservation
(left or right), followed by the number
equations (mass, momentum, turbuof the relevant compartment. For exlence, etc.) by applying the finite volample, the suction slot illustrated in
ume method to structured, unstrucFig. 1 is slot R2 (Ref. 5).
tured, or hybrid grids. The computation conditions applied correspond to
Digital Simulation Methods
3-dimensional, single phase, steadystate, and turbulent flows. Turbulence
Flow simulations were performed

Table 1 — Summary of Digital Flow Simulations Performed

A
A1
A2
B
B1
B2
C
D
E
F
F1
G
H
H1
H2
H3
I
J
K
L
M
N

Flow
m3/s

Slots

1.034
1.034
1.034
1.034
1.034
1.034
1.034
1.034
1.034
1.034
1.298
1.034
1.034
1.034
1.034
0.434
1.034
1.034
1.034
1.034
1.034
1.034

R2
R2
R2
R2
R2
R2
L2 + R2
L2 + R2
R1
R1 + R2
R1 + R2
L1 + R1
R2
R2
R2
R2
R2
L2 + R2
R2
L2
L2 + R2
R2

Plate Dimensions
Width m
Length m
1.500
1.500
1.500
0
0
0
1.500
0
1.500
1.500
1.500
1.500
0.750
0.750
0.750
0.750
0.750
0.750
0.750
0.750
0.750
1.500

3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
2.150

Plate Position
Xmin m
Ymin m
0.045
0.045
0.045
0.795
0.795
0.795
0.045
0.795
0.045
0.045
0.045
0.045
0.420
0.420
0.420
0.420
0.420
0.420
0.130
0.130
0.130
0.045

0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.975

Coverage
%
94.3
94.3
94.3
0.0
0.0
0.0
94.3
0.0
76.2
85.3
85.3
76.2
47.2
47.2
47.2
47.2
47.2
47.2
47.2
47.2
47.2
47.2

Screens

Draft
Direct

Velocity
m/s

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
No
Yes
Yes
Yes
Yes
Yes
Yes

—
—
—
—
—
—
—
—
—
—
—
—
—
Y
X
X
—
—
—
—
—
—

0
0
0
0
0
0
0
0
0
0
0
0
0
0.4
0.4
0.4
0
0
0
0
0
0

Notes

(a)
(b)
(a)
(b)

Notes: (a) = small grid size; (b) = higher convergence threshold
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Fig. 5 — Transverse profiles of air velocity magnitude at height
of plate underside and in plane at Y = 0.962 m for simulations I,
D, and B.

Fig. 6 — Minimum discharge velocity through different air pas
sages with respect to active compartment horizontal coverage.

Table 2 — Compensation Flow Distribution and Discharge Velocities in Diﬀerent Air Passages
ϕL
A
A1
A2
B
B1
B2
C
D
E
F
F1
G
H
H1
H2
H3
I
J
K
L
M
N

15.5
15.3
15.5
28.0
28.2
27.7
15.5
43.2
9.3
16.1
16.1
9.4
35.5
36.5
33.8
32.1
35.9
39.3
11.4
18.1
13.4
2.4

Compensation Flow Fraction (%)
ϕR
ϕF
15.4
15.4
15.4
60.1
60.0
60.1
15.4
44.8
9.2
15.4
15.4
9.1
42.4
44.1
42.7
45.2
42.0
39.1
67.9
57.0
64.6
3.1

34.8
34.5
34.8
5.7
5.7
5.9
34.6
5.9
62.1
47.8
47.8
62.4
10.7
9.3
11.9
11.2
10.9
10.7
10.2
12.2
10.8
82.9

was simulated using the realizable kepsilon model.
The grid was locally refined in the
zones bordering the plate. The grid
size used was typically of the order of
2,800,000 cells. Independence of the
results for the grid size and level of
convergence reached was checked by
additional simulations implementing a
grid half as dense or performed down
to residual values six times higher.

ϕB

VL

34.3
34.8
34.3
6.2
6.1
6.3
34.5
6.1
19.4
20.7
20.7
19.1
11.4
10.1
11.6
11.5
11.2
10.9
10.5
12.7
11.2
11.6

4.17
4.10
4.17
0.50
0.50
0.50
4.19
0.77
3.11
2.65
3.33
3.14
1.19
1.23
1.14
0.46
1.21
1.32
1.22
1.93
1.43
1.38

Discharge Velocity (m/s)
VR
VF
4.16
4.12
4.16
1.08
1.07
1.07
4.15
0.80
3.08
2.52
3.17
3.05
1.43
1.48
1.44
0.64
1.41
1.32
1.35
1.13
1.29
1.78

These modifications do not significantly alter the velocity profiles obtained. Boundary conditions at the
solid surfaces corresponded to walls
impermeable to air under no-slip shear
condition and wall functions application (Ref. 12). An imposed uniform velocity condition was applied in the active suction outlets (a grid is installed
in each slot). In general, very-low velocity air was supplied to the work-
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2.91
2.87
2.91
0.58
0.58
0.60
2.89
0.60
3.10
2.39
3.01
3.12
0.99
0.85
1.09
0.43
1.01
0.98
0.94
1.12
0.99
1.36

VB
3.56
3.59
3.56
0.82
0.80
0.82
3.58
0.80
1.47
2.17
2.73
1.44
1.32
1.18
1.36
0.57
1.31
1.27
1.22
1.48
1.30
1.22

shop through a vertical face located far
from the table. By convention, the ambient airflow velocity under draft conditions was applied to the whole of the
two opposing faces of the workshop.
The cutting jet enters the active
compartment on leaving the kerf cut
in the plate. This jet is locally very hot,
but is also very small and its flow rate
is very low compared with the suction
airflow in the compartment. Its char-
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Fig. 7 — Longitudinal velocity profile in righthand air passage
midwidth at height Z = 0.028 m. Configuration I.

Fig. 8 — Transverse velocity profile in righthand air passage at
ordinate Y = 0.8325 m and height Z = 0.0 m. Dotteddashed line
indicates vertical alignment with the righthand stringer of the
supporting frame. Configuration K.

ably the emission
process in the simulations and hence
to calculate the
spatial distribution
of pollutant concentrations. Table
ventilation system
performance can
nevertheless be
characterized by
the level of confinement provided
by it; confinement
that is determined
by the air velocities
through the different passages located at the active
Fig. 9 — Transverse velocity profile at ordinate Y = 0.8325 m and
compartment
height Z = 0.0 m. Dotteddashed lines indicate vertical alignment
boundary.
with the stringers of the supporting frame. Configuration B.
The characteristics of the simulaacteristics are the result of very comtions performed are consolidated in
plex dynamic and thermal exchanges,
Table 1. The impact of the following
which may involve electric arcs, laser
influencing factors was investigated:
rays, gas combustion, metal fusion and
• Position of active compartment
combustion, heat losses in the torch
with respect to length of table;
cooling system, thermal radiation,
• Two-sided or one-sided suction;
transmission to air by convection, con• Suction air flow: flow used in
duction inside the plate, etc. The commost simulations corresponds to a 1
plexity of these phenomena and the
m/s design velocity and;
lack of data on the airflow and ther• Length and width of plate to be
mal characteristics of pollutant genercut. Some simulations were performed
ation made it impossible to model reliwithout any plate (uncovered table),

others implemented plates, which
were 3000 or 2150 mm long and 1500
or 750 mm wide. Active compartment
horizontal coverage, defined as the
percentage of the compartment top
horizontal area obstructed by the
plate, varied between 0 and 94.3%;
• Plate position on supporting
table, characterized by Xmin and Ymin
coordinates of the plate corner nearest
to the origin;
• Presence or absence of peripheral
screens;
• Existence of drafts through the
workshop. Draft impact was only studied without the peripheral screens.
Site Measurements
The table used on site is a structure
similar to the simulated table and it
has the same cutting area dimensions.
The measurements were taken of the
following:
• The total suction airflow obtained
by probing the extraction duct using a
standard Pitot tube.
• The airflows passing through the
two horizontal uncovered surfaces
above the active compartment and between the plate and the side walls of
the dross box (shaded areas in Fig.
1C). These airflows were obtained by
spatially integrating the velocity field
measured using a 100-mm-diameter
MARCH 2015 / WELDING JOURNAL 95-s
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Table 3 — Measured Values of Total Suction Airﬂow, Compensation Flow Distribution, and Flow Velocities through HighLevel Air Passages
Flow Rate
(m3/s)
Bexp
Iexp
Kexp

0.530
0.530
0.530

revolving vane anemometer with a
starting threshold of less than 0.2
m/s.
• The longitudinal and traverse
profiles of the velocity vertical component, w, obtained using a directional
thermal anemometer.

Results and Discussion
Flow Structure
The flow structure is described below for Simulation I. This simulation
corresponds to cutting a 750- × 3000mm plate centered on the table above
compartment 2. The suction flow is
extracted through slot R2. Figure 2 illustrates the air velocity vectors in a
transverse plane close to the center of
the compartment. This compartment
is supplied with compensation air
through two passages to the left and
right of the plate. The single-sided
character of the air-extraction system
does not create any pronounced dissymmetry of the airflows entering the
left-hand and right-hand passages.
Figure 3 illustrates the velocity vectors
in the longitudinal plane of symmetry
for the plate and table. This figure
shows air inlets inside the active compartment from adjacent compartment
1 through a front air passage and from
compartment 3 through a back air
passage.
The airflow extracted from the active compartment is compensated by
airflows supplied to this compartment
through four passages linked to the
rest of the workshop, which are
termed left-hand, right-hand, front
and back passages in the remainder of
this paper and with which references
L, R, F, and B are associated. The spatial distribution of the compensation
flow rate between the different passages can be computed by integrating
the air velocity field derived from the
simulation. This distribution, ex-

Compensation Flow Fraction (%)
ϕL
ϕR
15.3

22.5
35.5

pressed in fractions Ф of the extracted
airflow, is given in Table 2 for all the
simulations. In the example of Simulation I, 77.9% of the compensation air
enters through the high-level passages
adjacent to the plate and 22.1% enters
through the low-level passages below
the plate level. For this simulation, the
single-sided character of the suction
system creates a slight excess of compensation flow through the right-hand
passage (42%) compared with the flow
through the left-hand passage
(35.9%).
Table 2 also includes the discharge
velocities V through the different passages. These were computed by dividing the previously obtained compensation flows by the corresponding areas.
These velocities give an indication of
the confinement robustness provided
by the active compartment in relation
to potential pollutant leaks through
openings around the periphery of the
compartment. In Simulation I, they
vary from 1 m/s in the front passage
to 1.4 m/s in the right-hand passage.
The impact of air extraction on the
flows along the plate extends beyond
the active compartment as illustrated
by Fig. 4. This figure shows the longitudinal profile for the mean air velocity through the uncovered surface between the plate and the top of the
dross box side panels. The velocity
shown was computed by dividing, perpendicularly to the Y-axis, the relevant
surface into elementary strips prior to
determining the airflow crossing each
strip.
The vertical lines in this figure depict the positions of the partitions
separating the five compartments. The
resulting profile reveals a series of local depressions corresponding to passing over the top of the different crossmembers. The velocity, at which air
enters the dross box, is a maximum toward the center of the active compartment and tends to decrease near the
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Discharge Velocity (m/s)
VL
VR
0.27

0.40
0.37

partitions delimiting this compartment. Air continues to enter the adjacent compartments, but at a lower velocity, which decreases with distance
from the active suction slot. Air entering these adjacent compartments then
flows beneath the supporting frame
and the plate, and supplies compensation air to the active compartment
through the front and back passages.
Impact of Width of Plate
Simulations A, I, and B implement
1.5-, 0.75-, and 0-m-wide plates respectively, which were all centered on
the table, corresponding to active compartment degrees of coverage of 94.3,
47.2, and 0%, respectively. Ventilation
of the table without a plate approximates to cases of cutting small-sized
offcuts or of end-of-cycle when pieces
are removed as they are cut. When the
width of the plate increases, the area
of the left-hand and right-hand passages adjacent to the plate decreases,
prompting the following flow modifications (Table 2):
• The discharge velocities in the
four passages increase. Compared with
the uncovered table configuration, the
relative increase in discharge velocity
is smallest in the right-hand passage
on the same side as the suction slot
(31% for I and 287% for A) and is a
maximum in the left-hand passage
(142% for I and 736% for A). These increases improve the pollutant confinement robustness inside the active
compartment. For example, the lowest
of the four discharge velocities increases from 0.5 m/s for B to 1.0 m/s
for I, and to 2.9 m/s for A;
• The compensation flow fraction
entering the active compartment
through the high-level passages decreases drastically: from 88% in configuration B, it reduces to 78% in I and
to only 31% in A. Conversely, the fraction entering through the low-level
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passages increases and becomes preponderant in configuration A with a
percentage reaching 69%;
• The difference between the compensation airflows through the lefthand and right-hand passages, due to
the single-sided nature of the exhaust,
decreases. This difference exceeds
100% in configuration B; it decreases
to 17% in configuration I and to less
than 1% for case A. Figure 5 illustrates
the transverse profiles for the velocity
magnitude in a vertical plane close to
the center of the active compartment
and at a plate underside level. In the
case of the uncovered table configuration (B), the velocity increases significantly from the left-hand edge of the
table opposite the suction slot in the
direction of the right-hand edge. However, in configuration I with 47% compartment coverage, the velocity profile
already approaches the symmetry with
respect to the center of the table
width.
Impact of Suction from
One or Two Sides
Simulations A and C (1.5-m plate
width), I, and J (0.75-m plate width)
and B and D (uncovered table) show
the impact of switching from single- to
two-sided suction on the airflows
(Table 2):
• For each of the plate widths implemented, the overall compensation
flow distribution between the highlevel passages and those located beneath the plate does not change; the
discharge velocities through the front
and back passages remain unchanged;
• The compensation flows between
the lateral air passages are rebalanced
by higher flows in the left-hand passage and lower flows in the right-hand
passage. These variations are especially significant at low degrees of compartment horizontal coverage, for
which the flow difference between the
two passages was high under singlesided suction. At high degrees of coverage, the air extraction mode has only
negligible influence on the compensation flow distribution between the two
lateral air passages.
In the case considered here of a
plate centered widthwise on the table,
using a two-sided air-extraction mode
therefore enables us to achieve a balanced compensation flow and air ve-

locity distribution through the passages on either side of the plate for all
degrees of active compartment coverage. This result is illustrated for an uncovered table by the velocity transverse profiles plotted in Fig. 5. Velocity
uniformity across the width of the
table is significantly improved when
switching from configuration B to configuration D.

ward the table edge opposite the suction slot or out of center toward the
slot. This is therefore the case in the
right-hand air passage in Simulations I
and K (active slot: R2) and in the lefthand air passage in Simulation L (active slot: L2).

Plate Position with Respect to
Table Width

In Simulation N, a plate with a width
of 1.5 m and a reduced length of 2.150
m is cut over compartment 2. Its front
end is positioned at the center of the
compartment, which is therefore halfcovered by the plate lengthwise with respect to the table. This simulation
should be compared with Simulation A,
which differs in that the plate covers the
entire compartment in the Y-axis direction. Simulation N is geometrically
characterized by an enlarged front passage, which is no longer below the bottom face of the plate but adjacent to the
plate. The active compartment coverage
is 47% in Simulation N compared with
94% in Simulation A. This leads to the
following flow changes (Table 2):
• The compensation air enters the
active compartment vertically through
the front air passage.
• The compensation flow fraction
entering the active compartment
through the front air passage increases
greatly from 35 to 83% to the detriment of other passages, especially
those to the left and right of the plate.
• The discharge velocities decrease
in the four passages. Specifically, the
minimum discharge velocity decreases
by 58% from 2.91 to 1.22 m/s. This
decrease reduces the pollutant confinement robustness inside the active
compartment.

Comparing Simulations K, L, and M
with Simulations I and J allows us to
examine the impact of plate out of
center with respect to the supporting
table width. The plate was centered in
Simulations I and J, corresponding to
equal left-hand and right-hand air passage widths of 0.420 m. In the other
three simulations, the plate was
moved toward the left-hand side of the
supporting table and, in these cases,
the left-hand and right-hand passage
widths were 0.130 and 0.710 m, respectively. Air extraction was from one
side, through slot R2 in Simulations K
and I, from one side through slot L2 in
Simulation L and from two sides in
Simulations M and J. The following effects were observed when switching
from a centered plate to an out-ofcenter plate (Table 2):
• The overall compensation flow
distribution between the lateral air
passages and the passages beneath the
plate vary little. The discharge velocities through the front and back passages remain steady;
• The compensation airflow relative distribution between the two lateral passages changes radically. On average, the flow increases by 163% in
the right-hand passage and decreases
by 67% in the left-hand passage. These
variations are of the same order of
magnitude as the cross-sectional area
changes in the relevant passages,
which are 169 and 69%, respectively.
This results in the discharge velocities
through the two lateral air passages
being little affected by a 0.750-m-wide
plate being out of center;
• In the case of air extraction from
one side, the lateral air passage discharge velocity always remains higher
through the passage adjacent to the
suction slot, whether the plate is centered on the table, out of center to-

Active Compartment Partially Covered
in the Longitudinal Direction

Active Compartment Position along
the Supporting Table
Configurations E and G were used
to simulate cutting over ventilation
compartment 1 at the end of the supporting table. The front air passage is
no longer below the plate bottom face,
but is adjacent to the plate and runs
from the top of the supporting table
edge to the front end of the plate. The
active compartment horizontal coverage is 76% in Simulations E and G,
compared with 94% in Simulations A
and C.
MARCH 2015 / WELDING JOURNAL 97-s
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When switching from cutting over
compartment 2 to cutting over compartment 1, the compensation flow
fraction entering through the front air
passage prevails (more than 62%),
causing a drop in airflows and velocities in the other three passages. On average, the discharge velocity decreases
by 59% in the back passage and by
26% in the lateral passages (Table 2).
Simultaneous Suction in Two
Adjoining Compartments
Several ventilation system operating modes are possible, when the overhead traveling frame is in a zone near
to the boundary between two adjoining ventilation compartments. Simulations F and F1 examine the case in
which, in this intermediate zone, air is
simultaneously extracted from within
two compartments, specifically compartments 1 and 2. The total extraction flow from both compartments in
Simulation F remained the same as
that previously used in configurations
featuring a single active compartment.
Simulation F1 embodies the case in
which simultaneously opening the two
suction slots produces a decrease in
pressure drop at the ventilation system inlet and an increase in total extraction flow. In general, this extraction flow increase depends on the system airflow and exhaust fan characteristics. For simulation F1, it was established as 25.6%, a proportion that
moreover corresponds to an increase
measured on another table on site.
In both Simulations F and F1, the
front air passage is not below the bottom face of the plate, but adjacent to
the plate end. The computed flows
show the following (Table 2):
• The velocities obtained on the basis of Simulation F1 are equal to those
in Simulation F multiplied by the ratio
between the total extraction flows, as
expected for turbulent flows. As a result, the compensation flow distribution between the different passages is
the same for these two simulations.
• As in the case of Simulation E, the
compensation flow fraction entering
through the front air passage becomes
preponderant. This fraction amounts
to 48% in both Simulations F and F1.
• Compared with cases in which
only one compartment is active, the
discharge velocities decrease through

the different air passages. On average,
this velocity reduction is 30%, when
the extraction airflow remains constant (Simulation F). It reduces to 12%
for the specific concomitant increase
in the flow rate used in Simulation F1.

active compartment is switched from
the left-hand air passage to the righthand passage.

Lateral Screens and Drafts

Flows entering the active compartment through the various air passages,
which link it to the rest of the workshop, counteract potential pollutant
leaks from this compartment. The discharge velocities reach unequal levels
inside the different passages and the
confinement robustness may be characterized by the lowest computed discharge velocity. Figure 6 illustrates the
values of this minimum discharge velocity with respect to the active compartment horizontal coverage for the
table under study and within the scope
of the simulations performed. This figure has been plotted for all simulations implementing a design air velocity of 1 m/s; this excludes Simulations
F1 and H3.
Figure 6 shows that the minimum
discharge velocity is of the same order of magnitude (0.85 to 1.22 m/s)
as the design velocity at medium values of compartment coverage (around
50%). This minimum velocity increases rapidly with the compartment coverage, reaching approximately three
times the design velocity for the
largest plates. For a coverage approaching 0, the minimum discharge
velocity decreases to approximately
half the design velocity for the table
studied; it then reaches values (0.5 to
0.6 m/s) close to those generally recommended inside openings of enclosing-type capture system.
Table 2 shows that, in almost all the
simulations, the minimum discharge
velocity was located within an air passage beneath the bottom face of the
plate, i.e., in a zone that is difficult to
access for anemometer-based site
monitoring. The numerical values
quoted above are obviously specific to
the geometry of the cutting table used
for the simulations (dross box leak
tightness, vertical gap between partitions and supporting frame, etc.).

In Simulations H, H1, H2, and H3,
the four vertical protective screens
around the table have been removed
and the installation is subjected to the
influence of various horizontal drafts
flowing through the workshop. These
simulations were performed under
similar conditions to Simulation I. All
these simulations implement the same
suction flow rate equivalent to a 1-m/s
design air velocity, with the exception
of case H3, where this design velocity
was reduced to 0.42 m/s.
In common with Simulation I, Simulation H was conducted with a very
low compensation air supply velocity
into the workshop and with no additional drafts. The velocity fields in the
vicinity of the plate are not significantly different from those computed
for the configuration integrating lateral screens. If there are no drafts, lateral screen removal has no impact on the
performance characteristics of the
ventilation system fitted to the table.
Simulations H1, H2, and H3 were
performed under intentionally severe
disturbance conditions: the draft implemented was characterized by highintensity (0.4 m/s) and wide range
(the entire section of the workshop).
In Simulation H1, this draft was directed along the Y-axis. Compared
with the simulation without a draft,
the flow structure is not vastly modified and no polluted air leak from the
active compartment is observed. The
longitudinal draft in Simulation H1
leads to slightly higher compensation
flows entering through the lateral air
passages to the detriment of the lowlevel passages. Simulations H2 and H3
implement a transverse draft directed
along the X-axis. In this case, the general flow structure remains the same
as that in the simulation without a
draft and no polluted air leak from the
active compartment is observed, even
in Simulation H3, in which the suction
flow rate is lower. Under the action of
this transverse draft, a small part of
the compensation flow entering the
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Confinement Level Provided by
Ventilation System

Experimental Results and Comparison
with Simulations
Site measurements were taken,
with the cutting torch switched off,
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for active compartment No. 2 and the
following three configurations: a 750mm plate positioned centrally and
off-center, and an uncovered table.
These configurations correspond to
simulations I, K, and B (Table 1), respectively, and are designated Iexp,
Kexp, and Bexp in the remainder of this
description. Airflow operation of the
instrumented table differed from the
conditions retained in the simulations due to the presence of superfluous fresh air extraction flows toward
the inside of the suction system:
• The compartment bottoms were
replaced by a conveyor belt for removing the cut parts and air entered the
active compartment through the gap
between this conveyor belt and the
bottom of the compartment separating partitions.
• A fraction of the total ventilation
flow was drawn out of the normally inactive compartments due to the imperfect airtightness of the slot
shutters.
These differences are specific to the
installation condition at the time of
measurement and depend on cleaning
and maintenance operations performed on the table during the period
preceding these measurements.
Therefore, the airflow measurements and simulations are compared
below by scaling the values compared
with the suction flow through the
high-level air passages rather than
the total table ventilation flow.
Table 3 displays the measured total
suction airflow, the compensation
flow fractions through the high-level
passages, and the corresponding discharge velocities. Compared with the
simulations (Table 2), the presence of
superfluous air extraction flows significantly reduces the compensation
flows in the high-level passages.
Thus, in configuration I, the fraction
(ФL + ФR) decreases from 77.9% (simulation) to 37.7% (measurement) and
in configuration K, the fraction ФR
decreases from 67.9 to 35.5%. However, the measured flow distribution
agrees with the trends foreseen in the
simulations. In the case of the plate
positioned centrally, the compensation flow ratio between the two lateral air passages, (ФR / ФL), is 1.17 in
simulation I and 1.47 in the measurements. Similarly, with the plate off-

center, the airflow through the righthand passage is increased by a factor
(ФR (K) / ФR (I)) of 1.62 in the simulations and of 1.56 in the measurements.
Three vertical component velocity
profiles could be determined. The
measured and simulated values of the
ratio between the local velocity and
the discharge velocity in the righthand passage (VR) are compared along
a longitudinal profile with the plate
centered in Fig. 7 and along a transverse profile with plate off-center in
Fig. 8.
In both configurations, satisfactory agreement between the measurement results and the simulations can
be observed. For configuration B, featuring an uncovered table, the experimental discharge velocities were not
measured and the values of component w are shown in Fig. 9 after normalizing, using the calculated average
value along each profile. This normalization automatically equalizes the
two averages for these two curves.
Figure 9, on the other hand, shows
that the relative experimental and
digital velocity variations agree closely along the uncovered table width.

Conclusions
This study, conducted using digital
flow simulations and site measurements, characterized specific airflow
dynamic properties for capture systems fitted to automated cutting tables. Tests were made on a multizone
ventilated table using suction slots incorporated in the side panels of the
dross box. They provided a closer understanding of the detailed flow structure in the vicinity of the table and
were used to study the impact of different operating parameters on the
distribution of air velocities generated
by the ventilation system.
The results specifically enabled us
to characterize the airflows through
the various passages linking the ventilation compartment under suction to
the rest of the workshop, airflows that
counteract potential pollutant leaks
from the compartment. Examining the
velocity fields reveals the simultaneous presence of high-level air passages
adjacent to the plate and low-level air

passages within the supporting table
and below the level of the plate, which
interconnect adjacent compartments
for the studied table geometry.
Generally, the airflow through lowlevel passages represents 12 to 25%
of the total extracted airflow in the
simulations and amounts to 62% in
the site measurements under the effect of additional superfluous air extraction flows caused by installation
usage. This airflow increases at high
values of active compartment horizontal coverage.
The air velocities prevailing in the
different passages are strongly affected by the compartment coverage. The
lowest of these velocities characterizes the pollutant confinement robustness provided by the ventilation
system. The simulations performed
indicate that this minimum velocity
is in a low-level passage in almost
every case, i.e., in a zone that is difficult to access for anemometer-based
site monitoring.
A difference between the air velocities through the high-level passages on
each side of the plate was observed for
extraction from one side of the active
compartment. For the table studied,
this difference is only significant at
low degrees of compartment coverage
and reduces rapidly as soon as this
coverage increases. It disappears when
suction slots are used on two sides of
the compartment. Ventilation system
performance characteristics are not affected by the plate being out of center
with respect to the width of the table.
Conversely, the performance characteristics deteriorate when cutting
over a ventilation compartment at the
end of the table, when there is partial
longitudinal coverage of the active
compartment or when there is simultaneous suction at constant flow in
two adjoining compartments.
Within the scope of the configurations tested, the performance characteristics of the ventilation system fitted to the cutting table studied are
little affected by the action of horizontal drafts, even without peripheral
protective screens. An enclosing-type
capture system was considered. This
would appear to ensure satisfactory
protection against polluted air leaks
under the effect of horizontal drafts
for the simulation conditions applied.
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