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ABSTRACT

A new local ventilation device is designed in sactvay to procure ventilation “on demand”
in each room, with a maximum of effectiveness andramum of energy waste.

It consists in a parapipedic box to be locatednia external wall (for example, just above a
window) and containing two (injection and extran)idans and a recovery heat exchanger.
The design of the heat exchanger is associatdgetedlection of the two fans in view of the
best compromise between heat recovery effectivearasSauxiliary” consumptions.

Great attention is paid to supply and exhaust@@nags on both indoor and outdoor sides of
the device, in order to get the highest ventilagéfiectiveness.

A fair compromise is looked for between air flonnt! “authority” and “auxiliary”
consumption.
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1. INTRODUCTION

Indoor climate control means satisfying some regquegnts on the following items, in order of
decreasing priorities:

- Air quality

- Environmental temperature

- Air moisture
Developing more and more efficient ventilation teicjues is a key issue, in the design of new
“low” (and “zero”) energy buildings, as well astime retrofit of existing ones.
Such development should include the following cdesations:
1) Making ventilation “on demand” in such a waynaintain the required air quality in each
occupied building zone;
2) Maximizing the ventilation effectiveness, i.e€ping the required air quality inside the
occupancy zones with as little air renovation asspule;
3) Minimizing the global energy consumption of themtilation system;



4) Paying attention to all possible “side effectss,risk of draught effect, noise, sound
transmission (and privacy loss)...

These considerations are hereafter further devd|gsea continuation of a previous
presentation [1].

2. STEP BY STEP DESIGN OF A VENTILATION SYSTEM: BACK TO THE BASIC
PRINCIPLES

The following steps can be distinguished:
2.1. Identify the contaminants and the tolerablecemtrations

2.2. Capture the contaminants as near as possikie tontamination sources, before they
may be dispersed in the air of the occupancy (eathing) zone, thanks to velocity control
and local extraction. This is feasible if the conitaation source is fixed, as, for example, in
an industrial process or above a cooking applidmgenot if the contamination is issued from
occupants, moving inside the room.

2.3. Bring fresh air as directly as possible ifite breathing zone, thanks to velocity control
and local supply. This is feasible if the occupare protected has fixed position inside the
room (as, for example, in an office, in a theatran a surgery room).

Both actions 2.2 and 2.3 can be (partially) realiagth or without mechanical system. One or
the two actions might be sufficient, but both clsode partially combined, in so-called
“displacement” ventilation. But caution has togaed to some side effects, as, for example,
the risk of draught...

2.4. Having a fair idea of achievable ventilatidfeetiveness, identify the best combination
of air regeneration(with contaminants capture by filtering and otkeparation methods) and
air renewal

On earth (but not in a space vehicle!) the re-ohiiion of O2 (and elimination of CO2) is
usually performed by air renewal and CO2 is theenirtracer, taken as reference to
determine the required fresh air flow rate.

Fresh air can be supplied to the occupants by ipelsSactive”, or “hybrid” methods.

The choice among these possibilities should résartt a careful analysis of building
tightness (including all fixed and variable operajgndoor and outdoor climates (buoyancy
and wind effects) and resulting “natural” infiltians.

2.5. Decide which part of the fresh air flow rateafy) has to be provided by “active” means,
I.e. by mechanical ventilation, with careful coresitions to main advantages, inconveniences
and side effects. Modify some of the building cleéegstics, if desirable and feasible; for
example, improve its tightness and/or take comtfaglome of the variable openings.

Free heating and free cooling are examples of adgas and inconveniences to be
considered, according to the season. Noise georyaiise transmission and draughts are
again among side effects to be taken in considerati

2.6. Decide how to organize the mechanical verdiatwvith central and/or local supply and
exhaust systems.



2.7. Decide how to control the ventilation systemsuch a way to get the correct air quality
in each zone, with minimal fresh air flow rate.

Control design requires identifying the “controilél” of the whole (building and
mechanical ventilation) system considered, whidtuides:

- The controllability of the mechanical ventilatiagself, which can be defined as the ratio
between ventilator head and total head (fan + widioyancy);

- The mechanical ventilation “authority”, i.e. theessure range in which mechanical
ventilation is able to “impose” any (minimal or nmiasal) air flow rate. The ventilation
authority is satisfactory if this pressure rangkiger than all combined wind and buoyancy
perturbations.

- The controllability of the whole (building and ofenical ventilation) system is fully
satisfactory if the total (mechanical and natufi@¥h air flow rate can be controlled in each
building zone and if all zone-to-zone air circubais are also under control. This last
requirement can be very important, for exampleaifing to deal with the risk of odour
propagation from one zone to another one. It magfjusome supply/exhaust disequilibrium
inside a same zone (supplying more fresh air teditl zones and extracting more from
“dirty” ones).

2.8. Minimize the (energy and/or environmental) aofs of the ventilation, thanks to heat
recovery.

3. THE SYSTEM UNDER DEVELOPMENT

The new local ventilation system still under depehent is designed in such a way to procure
ventilation “on demand” in each room, with a maximaf effectiveness and a minimum of
energy waste.

It consists in a parapipedic box to be locatednia external wall (for example, just above a
window as shown in Figure 1) and containing twge@tion and extraction) fans and a
recovery heat exchanger [1], [2], [3].

BN

)

o 1

Figure 1. Typical configuration of the local veatibn system

The first applications considered are in the redidébuildings, but other buildings, as
offices, schools and health services are also coade
Above-presented design principles are here-aftestrhted on this example...



3.1. Air diffusion analyses

3.1.1. Air diffusion inside the ventilated enclasaan be described by the model presented in
Figure 2. Dominant air movements are here suppiwskd induced by the following sources

[1]:

- Ventilation and infiltration jets

- Buoyancy jet(s) issued from radiator(s)

- Buoyancy jet(s) issued from the occupant(s)

- Free convection boundary layers along cold wallgiiy the windows).

Three horizontal zones are distinguished in theeh@d suggested in Figure 2, where the left
and right sides are only distinguished for readghihe radiator is usually not located in
opposition to the frontage).

In principle, fresh air can be supplied and exhedisd and from one, two or three different
zones. But, in the case considered supply and sxlb@enings are only located in zone 3.

If there is no phase change inside the room, tiilolition of the air moisture can be
considered as similar to the distribution of thataminant.

The model consists in two sets of equations dasgritne induction effects and the balances
of air, contaminant, sensible heat and moisture.

For example, the air mass balance of the first zedescribed by the following equation:
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The different terms correspond to the air supplghte zone, the flow rate from zone 2 to
zone 1 induced by the supply air jet of zone 1 fling rate from zone to zone 2 induced by
the supply air jet of zone 2, the flow rate “asfari by the radiator(s), the (positive or
negative) displacement flow from zone 2 to zonthé flow rate supplied to zone one by free
convection along the cold wall(s) and the air fi@ate extracted from the zone.
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FigureAlr diffusion model



3.1.2. Avoiding local short-circuitsn both indoor and outdoor sides requires, not onl
requires a careful design of the shapes of bothiags, but also a sufficiently high velocity
at box exhaust, in such a way to avoid that theesghjet would be deviated toward the
aspiration opening by wind (on outdoor side) antlaryancy effects (on both sides). Rain
water capture has also to be avoided at outdosh fa& aspiration.

On both side of the system, there is a need ofrergsanough air mixing before getting any
risk of jet deflexion. An example of verificatioa shown in Figure 3: it corresponds to the
rejection of 60 m3/h of air, at 4 m/s of initialesa, through a circular opening. In this case,
an induction factor of the order of 8 is alreadgateed, when the jet axial velocity is reduced
to 1 m/s (considered as a still sufficient “contnalocity). This means that the risk of short
circuit is very reduced...

4 8
vely g [mis] Induction [-]

35 7
6

3
5

25
4

2
3
15 o
1 1
04 05 06 07 08 09 1 11 12 13 14 15 16 1.7

x [m]

Figure 3. Diffusion of a jet issued from a circutaifice
3.1.3 Avoiding local discomfort

Inside the room, there is a risk of draught disanif the jet is not diluted enough before
entering the occupation zone.

The deviation due to buyancy can be verified byusation as shown in Figure 4. In this
example the air is supplied trough a rectangulanoy at the rate of 35 m3/h and at a
temperature of 10 C, with an idoor air temperatfr20 C. Three different initial speeds are
considered: 1, 2 and 3 m/s. In this case, thaalrspeed must be maintained above 2 m/s, in
order to avoid any risk of discomfort.
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Figure 4: Deviation of the ventilation jet due taoyancy



Of course, such simulation models have all to bpeduby experiments. A series of tests is
also being performed in a climatic room...

3.2. Air diffusion effectiveness

In order of decreasing importance, diudion effectiveness can be defined according
to its effects on air quality, environmental tengiare and air moisture.
Each effectiveness results of the combination of plwenomena:
- The ‘displacemerit(also called “plug flow”), whose effect is a fitbus reduction of
contamination flow rate;

- Themixing whose effect is to eliminate any risk of shortgit, which would itself produce
a fictitious reduction of air renewal

Displacement and mixing effectiveness’s can bengefiby the following equations:
Global mass balance based on actual exhaust air state:

r\./Ic u Msu (Ysy = Yex) = 0

Global balance based on indoor air state and fictitious flowrates, taking into account of both displacement and
mixing effects:

[1 - Sd,c] : I\-/lc +t eme” I\'/lsu “(Yeu = Yip) = 0
Indoor contamination flowrate:

Mg = Mc‘occ*' Mc‘materials b Mc‘lu

(Considering three sources of contamination: theipants, the materials and the terminal
units).

c

Similar equations can be used for sensible heatramsiture (with the same sources as for the
contamination, plus the sun for sensible heat)...

In the case considered here, it seems that tltkffaision effectiveness is, most of the time,
near to 1, but this has also has still to be expenially verified...

3.3. Contral

A high authority is provided by the system considij2] [3], as shown in Figure 5: each
variable speed fan is selected as able to keemthugred air flow rate in a broad domain of
pressure drop: from +110 to — 30 Pa. Above 11QHeefan stays at its maximal speed;
below -30 Pa, the fan is stopped.
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Figure 5: Fan authority



A feed back control of the air flow rate is perf@thon the basis of a signal given by a
thermal anemometer located inside each ventilath@mnel. Each probe is calibrated is such

a way to get a reliable correlation between aiedpnd corresponding flow rate, as shown in
Figure 6.
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Figure 6: Example of correlation between flow rgte and air speed (x)

3.5 Recovery

Three « local » recovery effectiveness’s can banddfat the level of the mechanical
ventilation system:
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A « good » ventilation system is usually charagetiby a very low value of the first
effectiveness and high values of the two other ¢hljgl].

But this is not the whole of it: a global energydmees need to be establiched, by
considering, not only the heat recovery, but a“auxiliary” consumption of the system.
Examples of heat exchanger tests results are pgessenFigure 7.

At reference flow rate of 36 m3/h, the pressurgdrbthis heat exchanger is of the order of
60 Pa and its thermal effectiveness might over-pas®.

But these results were obtained on the heat exehatane i.e. not yet installed in the box.
Some extra-pressure drops and losses of effecigdreve to be taken into account because
of the non-uniform distribution of supply air atthesides of the heat exchanger.
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The centrifugal fans selected for this system &e¥-gized in order to reduce their noise.
Examples of fans characteristics, at nominal rotespeed, are shown in Figures 8 and 9.
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Figure 8: Pressure-flow characteristic of the fan
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Figure 9: Electrical power consumed by the fan

Thanks to the over-sizing, the fans can be runhéaharotation speed (and low noise
generation). Acoustic tests are also being madé@ifans and on the whole system.

Not only the two fans, but also the control uasitonsuming energy.

At nominal flow rate of 36 m3/h the electrical cangption the smallest unit considered
should not over-pass 5 W.

If runned continuously on a full reference yea000 degree-days, such unit should be
able to recover about 480 kWh of sensible heatvandd not consume more than about
45 kWh. This would give an average COP higher than

And this COP can be significantly increased if tiné is stopped whenever the heat
recovery is too small, i.e. in mid season and surtime, when natural ventilation might
be preferred.

Examples of more detailed results are present&bies 1 and 2 and in Figure 10.

In table 1 are presented the average performancestiie whole year and on the winter
season) as functions of the fans rotation speetls twe following nomenclature:



“consigne”: ratio between actual and nominal faeesp[%0]

Conso2ventilo: electrical current consumed by lfatts [mA] (under 24 V DC)
Pelect: electrical power [W]

Pth recup moy: mean thermal power recovered owlitde year [W]

Pth recup hiver: mean thermal power recovered onewtime [W]

Epsilon: thermal effectiveness [%)]

V: air flow rates (on both sides) [m3/h]

21%C estla moyenne des
températures intérieures issue de
la campagne de mesure réalisée cop
par [observatoire de la qualité d'air
1.2 kg}m3 (France) moy hiver
Tin 21 21
1000[/kg"C Tout 9 5
AT 12 16|
consigne conso 2 ventilo P elect Pthrecupmoy | P threcup hiver £ Vv
% mA w w w % m*/h
20 101.6 2.4 45.9 61.2 82 14 18.83 25.11
30 158.4 3.8 51.8 69.1 B1 16 13.64 18.19
40 215.1 5.2 73.6 58.1 80 23 14.26 19.01
50 278.0 6.7 99.8 1331 78 32 14.96 19.95
60 340.9 8.2 124.6 166.2 76 41 15.23 20.31
70 588.7 14.1 142.1 185.4 74 43 10.06 13.41]
80 836.5 20.1 166.4 221.9 73 57 8.29 11.05
950 1089.2 26.1 187.2 245.6 72 65 7.16 9.55
100 1341.8 32.2 221.2 294.9 70 79 6.87 9.16

Table 1: Average performances calculated for bffefans rotation speeds
The same results are presented month by montibl@ 2sand in Figure 10, with:
P(x)th rec= mean thermal power recovered with lfatis at x % of their nominal speed.

These very encouraging results might be a bit dptimbecause they are still based on
separate tests of the different components andoalsause they don’t consider the actual
building energy balance which would make uselgsaraof the recovery...

moyenne a Uccle 1981 a 2010

6.7 99.84

mois Temperature P (20) th rec P (50)th rec P (100)th rec 20% 50% 100%

janvier 3.3 67.732 147.264 326.270| 27.78| 22.07 10.13
fevrier 3.7 66.201 143.936 318.897| 27.15| 21.57 9.90
mars 6.8 54.339 118.144 261.753| 22.28| 17.71 8.13
avril 9.8 42.859 93.184 206.453| 17.58| 13.97 6.41
mai 13.6 28.317 61.568 136.407| 11.61] 9.23 4.24)
juin 16.2 18.368 39.936 88.480| 7.53 5.99 2.75
juillet 18.4 9.949 21.632 47.927| 4.08 3.24 1.49
aout 18 11.480 24.96 55.300) 4.71 3.74 1.72
septembre 14.9 23.343 50.752 112.443| 9.57| 7.61 3.49
octobre 111 37.884 82.368 182.490| 15.54| 12.35 5.67
novembre 6.8 54.339 118.144 261.753| 22.28| 17.71 8.13|
décembre 3.9 65.436 142,272 315.210| 26.84| 21.32 9.?9!

Table 2: Month by month performances for threeedéht rotation speeds
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Figure 10: Monthly COP’s for three different rotatispeeds

“Passive” and “active” recovery techniques wer® gigeviously compared according to their
respective impacts on the energy demand on a tygezlling [1].

Examples of results are presented in Figure 10:

The dwelling is equipped with a mechanical venblatsystem, without any heat recovery.
The living room is supplied with 75 m3/h and twatleé three sleeping rooms with 30 m3/h
of fresh air. Only one sleeping room is occupied alhthe surrounding dwellings are fully
occupied. The space heating demand without anyweegas plotted on left side of Figure 9.

It corresponds to 2667 kWh per year.

A (very) small heat pump is then supposed to beaduside each local ventilation system.
This heat pump is acting downstream of the heatanger: it under-cools the exhaust air and
over-heats the fresh air. The fresh air supply &Enaipire is supposed to be raised until a
maximum of 40°C.

The global contribution of these three small heahps is very significant, as shown on the
right side of Figure 10: the remaining space hegaiemand to be covered by another heating
source is marginal: it doesn’t overpass 600 W amcesponds to only 65 kWh per year.

But such very small heat pumps are not yet avalahlthe market and such solution will
probably not be cost effective in near future...
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Figure 10 : Heating demands of a dwelling withaud svith full heat recovery



CONCLUSIONS

The local ventilation system appears as a very @iomsolution. It should allow an effective
control the indoor air quality, with satisfactorfifetmal comfort and significant energy
savings.

But many experimental verifications are still nexa@y, mainly about the correct air diffusion
inside the room. This is so whenever dealing withews terminal unit: simulation models
need always to be tuned.

The system considered is of particular interestrwhaving to deal with a very variable
building occupancy...
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