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the middle of the windowed long side of the classroom, achieves a relatively symmetrical
distribution of LACE, with about 70% of the values ranging from 1.08 to 1.14. However,
LACE values lower than 1 are still present in three of the four classroom corners, while the
corner adjacent to the teacher’s zone shows higher values. Indeed, the spatial asymmetry
of the thermal load, greater within the student’s zone, induces a curvature of the supply
airflow toward the teacher’s side, increasing the local air exchange. The I5 scheme shows
an improved LACE distribution compared to I3, due to the extended number of supply
points, which enables a more homogeneous delivery of fresh air along the room’s length.
However, a confined area, limited to approximately 20% of the total plane, located within
the corner opposite the extraction point, shows LACE values below 1. This highlights
that, in addition to the more homogeneous delivery of fresh air along the room’s length,
the airflow pattern generated does not involve the entire room volume. A stagnant zone
persists as the exhaust grille is not located at the end of the effective airflow path. On the
other hand, scheme I4 has the worst ventilation effectiveness among the schemes related
to the internal units. In this scheme, the supply vent is positioned so that it introduces air
towards the ceiling to exploit the Coanda effect (flow adhesion to the surface and fluid
acceleration) and maximise distribution. This configuration should move the air in the
room and push it towards the return grille positioned near the floor. However, this logic,
although it leads to LACE values between 1.08 and 1.14 in the longitudinal band of the
class comprising the ventilation unit, leads to a large region of LACE values lower than 1,
localised near the long side of the classroom without windows (as for scheme I1).

The schemes O2 and O4 reveal a similar LACE distribution, with about 10% of low
LACE value (<1) regions. However, scheme O2 shows a higher LACE that is resealable as
the supplied air travels through the smaller dimension of the room before being removed,
thus generating a more rapid air exchange. Thanks to the distributed supply and exhaust
grilles aligned on the same side, both schemes lead to a more uniform air exchange than
schemes I1, I2, and I3 with a single supply and exhaust. Comparing schemes I5 and O2,
where the supply grilles are similar, it can be noted how the location of the exhaust grilles
in line with the supply airflow path can improve the air exchange in the room, reducing
the potential stagnation zone by 10%.

On the contrary, in scheme O3, the arrangement of the supply and exhaust terminals
placed on opposite sides causes a direct path between inlets and outlets, promoting airflow
short-circuiting and minimal room air entrainment. Consequently, the LACE distribution
reveals limited effectiveness, with up to 50% of the reference plane showing LACE < 1,
revealing an overall underperformance in relation to the other schemes with outside units.
Scheme O1 produces the best overall performance, with the LACE distribution showing
widespread values above 1 (almost between 1.20 and 1.27) and no stagnation zones. The
enhanced performance is attributable to two main factors. First of all, the arrangement of
the supply and the exhaust vents, which are placed at the opposite ends of the long side,
leads to a well-oriented ventilation path that travels the full depth of the room. The second
factor is the greater momentum flow of the single jet in relation to multiple jets (as the air
speed is the same in both cases), which improves entrainment and mixing of the air within
the room.
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Figure 10. LACE distribution in the reference horizontal plane and percentage occurrence of each
value related to inside unit configurations. (I1) Inside unit ceiling standing—back; (I2) Inside unit
ceiling standing—front; (I3) Inside unit ceiling standing—centre; (I4) Inside unit floor standing;
(I5) Inside unit ceiling standing—inlet canalised.


