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| INTRODUCTION

The task of contemporary building engineers andufaatures is to create such sys-
tems and products and invent such units whichhblhighly effective, reliable, con-

sume less energy and provide occupants comfdneatdme time.

Nowadays, energy is expensive and its productisualt®in environmental pollution.
The increase of exhausted amounts of G&s is connected with global climate
change. According to the Kyoto Protocol EU shoelduce CQ@ emissions by 8%.
This could be achieved by paying more and morattie to total energy consump-
tion, saving and prevention of its possible wasting

Creating smart systems in buildings like heat recpwnits, demand control ventila-
tion, more energy efficient units etc. could savg amounts of energy. On the one
hand saving energy is a positive and crucial plattie question but on the other hand
will such innovation systems meet all the demarfdsisting building norms and
codes or, what is more necessary, do they eventhreetquirements to air quality of
building’s occupants? Are they applicable for al$es? How should components of
these systems interact with each other?

System like demand control ventilation is very s#@resto significant number of fac-
tors like occupancy density, type of activity heldhe room, opening of the windows,
breaks during school days, location of sensorletsust be designed and installed
very carefully so that it will meet all the requiments of norms and occupants com-

fort.

This thesis refers to investigation of installed\D@ntilation in recently renovated
D-building, Mikkeli University of Applied Sciencefield measurements and investi-
gation of different locations of carbon dioxide senlocation in the classroom D317
were conducted. This room was chosen because opants complaints on low air
flow rates and bad odors of “new building”. | wslludy CQ levels in two different
places in room D317.The locations will be choseroeting to ASHRAE recommen-
dations and compared to building automation syst€msensor measurements.

Moreover, | will study air humidity and temperatuagr flow patterns and try to sug-
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gest better a place for sensor location, accordimgeasured levels of carbon dio-

xide.



I THEORETICAL BACKGROUND

2.1 Demand Control Ventilation

Design of heating ventilation and air conditiongygtems is mainly based on as-
sumed occupancy of the ventilated area becausedeedtilation rates are usually
defined as liters per second per person. But dunng this assumed occupancy can
vary significantly. This may cause a problem ofrouentilation and bigger air flow
rates supplied to the building when it is needatitans wasting of money and energy
as well. This problem is very acute for buildinges people spend their time partly
like administrative buildings, offices or workindgpes and schools. /1, p. 1234/

Sensor-Based Demand Control Ventilation (SBDCVEgig an brilliant opportunity
to supply air only according to its demand at atrigme. Generally, Sensor-Based
Demand Control Ventilation has two important adages, firstly better control of
indoor air quality because of controlled level oflptants and secondly less energy
load and the second is better humidity controhumid climates DCV controls

amount of supplying outside humid air. /2, p. 2/

Properly applied and well-functioning sensor-bagechand control ventilation pro-
vides adequate indoor air quality and occupantsfadrand saving of money and
energy at the same time.

These SBDCV systems are going to be very effeativaiildings with following cha-
racteristics:
» only one or several pollutants dominate in airbg@ontrolling its con-

centrations, we can easily control the other coirtants

large buildings with unpredictable variation of apancy during the day

locations with expensive energy

areas with big heating or cooling loads /2, p. 9/

Most popular modern SBDCV systems are based omsendich monitor C@le-
vels or levels of volatile organic compounds (VO&3$0 known as AQS (air quality
sensors). Last type of sensor one can not indibatexact ventilation rates in com-

paring to carbon dioxide sensors because theymgmtark the increase of indoor
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contaminants on certain level. In this case vetititais based on current presence or
absence of contaminant so ventilation rates cowodlict with given norms. Such
sensors can be used only in places where specigdragnt can produce big amounts

of some pollutant occasionally or VOCs could bettdiduring special type of clean-

ing.

The basic idea of demand control ventilation assutinat only one contaminant, most
frequently CQ, is present in the ventilated area and accordirtis supplied air flow
rate can ensure that general levels of it will tieatively reduced. Still the base venti-
lation rate which is supplied in the room in minimease of contaminants level
should be at least 15% to 50% of maximum leviiefbuilding is one year old or
more. But base ventilation rate of recently buildenovated buildings should be
much higher because of new building componentsymiad gases and odors. Their
levels can be higher than carbon dioxide levelsiawill disturb the occupants. / 13,
p.1215/

2.2 CO; in indoor air

Carbon Dioxide is one of the most frequent gas douarthe atmosphere. Metabolic
processes of human body product @@d we exhale it at approximately 38.000 ppm
(parts per million), then it is immediately mixedtlvenvironment and level reduces
to acceptable rates. Also it is necessary to esip@dhe relation between human
body odors and C{evels in the environment. Because of the fadt @@ emissions
are related with human metabolism, which increale lwgher activity it also could

be a good indicator for other human emitted bioetffits. /4, p. 1/

Indoor levels of carbon dioxide usually vary at 402000 ppm, and outdoor rates are
usually between 350-400 ppm but in strongly indakzed areas or areas with heavy
traffics its concentration can come up to 800. 4.0/

In low concentrations CLQs not harmful for humans at all, but its increhsvels in
the buildings can attest to high contaminationsdbor air. But how affect the higher
levels of carbon dioxide on person health? Figusadws effects of different carbon

dioxide levels on humans health.



80 000 ppm Convulsions,
immediate death

30 000 ppm Muscular pain, risk of death

15 000 ppm Shortness of breath,
increased heart frequency

5000 ppm Hygienic limit value
1200 ppm D2 recommended max
rate
400 ppm Fresh air

Fig. 1 Effect of increased levels of C©on human body /10, p. 3/

2.2.1 Levels of CQrecommended by some authorities

Many organizations and authorities all over theld/iestablish different levels of car-

bon dioxide inside the buildings to avoid over Viatibns and define acceptable rates

of carbon dioxide, some of them are shown in Table

Table 1. Leva§CO, /10, p.2/

5000 ppm

Maximum concentration during an 8-hour working-day according to for example the
Swedish Work Environment Authority

2 000 ppm

According to many investigations this level produces a significant increase in
drowsiness, tiredness, headache and a common discomfort

1000 ppm

According to the American ASHRAE 62-1989 this is the recommended
maximum carbon dioxide concentration in a room. It is also a recommended
as the maximum comfort level in many other countries, i.e. Sweden and
Japan. It corresponds to an airflow (a need of fresh air) of approx 7
litres/second and person.

800 ppm

The company Ericsson, for example, suggests this value as a maximum
carbon dioxide level. Itis also a maximum permitted concentration for
offices in California. It corresponds to an airflow (a need of fresh air) of
about 10 litres/second per person.

400 - 600 ppm

Risk for over - ventilation

350 - 450 ppm

A common outdoor concentration




2.2.2 Levels of CO2 recommended by Finnish and Rsian building codes

Finland’s National Building Code D2, Part 2.3 Aiulity gives maximum level of

carbon dioxide in the building:

“2.3.1
Buildings shall be designed and constructed in suafay that the indoor air does not
contain any gases, particles or microbes in suantifies that will be harmful to
health, or any odours that would reduce comfort.
2.3.1.1 The maximum permissibdoor air carbon dioxide content in

usual weather conditions and during occupancyusllys2,160 mg/m (1,200 ppm)”
/5,p 9
At the moment in Russia there are no norms whrolit karbon dioxide concentra-
tions in dwellings, but there are norms for factspgaces.
Russian National Norm GN 2.2.5.2100-06 “ Genezglirements to air quality in
working zones” gives following values of carbonxdde level in occupied zone in
factories 9 000 mg/f(5000 ppm) ( part 2.2.5). /6, p.12 /
In dwelling spaces it is assumed thatd&vels will be less than 1250 ppm if we will
follow given instructions to calculate needed kinfrate. There are three ways to
calculate it:

» according to number of occupants to the activitynmadly held in the space,

» according to area of the space,

* according to needed times of air change in the room

These three values are calculated and then thedtigglue is chosen. /7, p. 3-15/

2.3 CO,based Demand Control Ventilation

An active ventilation control by COlevels is a simple but powerful and very efficient

method of maintaining proper level of air qualitythe occupied zone.

Although DCYV is relatively recent invention, bagignciples of the relation between
ventilation control and carbon dioxide levels wasntioned already in 1916 in me-
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chanical engineer’s handbook by McGraw-Hill. Atstipioint book established prin-
ciples of today’s demand control ventilation. Fedbook recommended that car-
bon dioxide levels should not exceed 8 or 10 pari® 000, or 800 to 1,000 ppm.
Some engineering designs and demonstrations 6CfEY installations occurred al-
ready in 1970s, demand control ventilation didcaith much attention from HVAC
engineers until 1990s and only in 1997 ASHRAE Stad®2-1989 stated that under
certain controlling conditions applying of varialdir volume ventilation systems can
be used to create acceptable indoor air flow iatedependence to occupancy. /9, p.
2/

Nowadays more and more administrative, educatjiafiite and other buildings with
big variety of occupancy levels during days areigoed with carbon dioxide sensors.
But why CQ based Demand Control Ventilation is so popular? diever to this
qguestion is very simple: Cevels are easy predictable and as said beforediiree

of it is human. Human physiology is well learnedreg moment and it means that all
the humans under certain age and holding quitedhee activity exhale same
amounts of C@so it could be easily used as indicator of indaogaality and rate of
occupancy. The ratio between occupancy and cartocide levels is direct so it
means that for instance doubling of persons nunmbiére room will lead to doubling
of CO; products. Following table show us €€bncentrations according to activity
level. /4, p.1/. Table 2. shows state carbon diexioncentrations according to occu-

pancy density.

Table 2. State C@concentrations according to occupancy category /4,1/

Occupancy category Activity Level Steady State CO

concentration
Classrooms (age 9 plus) 1,0 met 1025 ppm
Restaurant Dining Rooms 1,4 met 1570 ppm
Conference/Meeting 1,0 met 1755 ppm
Lobbies/Prefunction 1,5 met 1725 ppm
Office Space 1,2 met 990 ppm

Sales 1,5 met 1210 ppm
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According to book “Achieving desired indoor climagteady state concentrations can

be determined by the following formula /16, p.128/
M

C =C,+—
\Y

Where ¢is indoor (room) concentration, mgim
gis supply (outdoor) air concentration, mg/m
M is pollutant source strength mg/h

V is ventilation rate, rfih

Figure 2. shows different ventilation rates peg person and amounts of carbon dio-
xide. Here we can see so called equilibrium cotraéans when carbon dioxide pro-
duced by humans is in balance with that amountsdihges with environment air.
This points are similar to all numbers of occupamtder office-level activity (1, 2

met) and can serve like anchor for carrying out Dsowtrol.

Equilibrium of CO, at Various Per-Person Ventilation Rates

5 cfm/person (3.5 Vs) E
2500 2120 &
3 ks
o c
= 2000 | o
B 2
® el
2 1500 10 clruporsarn (s o) —
Q
Q o
S 15 cfm/person (7.5 Vs) 2
S 1000 1} 20 cfm/person (10 Vsy— ggg g’
O 30 cfm/person (15 Vs) ©)
350 3
S00 S 400 ppm Outside Level ___ ______ ____._.. 0 2

Time
Figure 2. Equilibrium of carbon dioxide at various ventilation rates. /4, p.3/
Figure 2. shows different ventilation rates pee person and amounts of carbon dio-

xide. Here we can see so called equilibrium cotraéans when carbon dioxide pro-

duced by humans is in balance with that amountsdihges with environment air.
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This points are similar to all numbers of occupamtder office-level activity (1, 2

met) and can serve like anchor for carrying out Dsowtrol.

Going back to what we said before, most modernikagion systems are designed to
supply certain amounts liters per second per person
Finland National Building Code D2 gives us followiguidelines to define air flow
rates:
“3.2.2
During periods of occupancy, an outdoor air flovetsure healthy, safe and comfort-
able quality of indoor air shall be supplied to doeupied premises.
3.2.2.1 Design values, give\ppendix 1, are primarily used for design
of outdoor air flow rates for different room typd$e outdoor air flow
rates are determined primarily on the basis ohtlmaber of occupants.
In case there are insufficient grounds for desigrm flow rates on the
basis of the number of occupants, then such desigi be based on

outdoor air rate per surface area.” /5, p. 13/

And further option:

“3.2.3
It shall be possible to control the air flow ratés ventilation system according to

loads and air quality, to correspond to the occapaonditions.” /5, p.13/

ASHRAE standard 62-200Zentilation for Acceptable Indoor Air Quality gives us
two ways to define needed amounts of air. Firsioopt classic decision to provide
needed ventilation rates according to number ofipants and another to maintain
proper indoor air quality. Second Option in conttadirst suggest the variable
amounts of supplied outdoor air (from 0% to 100%hich will maintain indoor level
of carbon dioxide on particular recommended lezpproximately 700 ppm more
then outside (equal to 7.5 I/s). In this case (&®els serve as representative of indoor
air quality and just like thermostats adjust coplor heating energy supplied to the
consumer in dependence of its need, 8éhsors measure and define air flow rates
supplied to the room. And this gives us great péto save additional energy.

/8, p.91/
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Generally DCV using carbon dioxide sensors consist&o main parts: C@sensors
that observe C@evels in the building and the air handling unktigh adjust outdoor
air flow rates according to data given by sensGesbon Dioxide sensors monitor all
the time the building area and send signals tbaadling unit, which define air sup-

plied to the room.

2.5. CO sensors

First sensors designed especially for HVAC instalies appeared in the market in
1990. /4, p.2/ First sensors had several sigmifidessadvantages like difficulty to ca-
libration or even non reliability. Now, market affédrent detectors is widely in-

creased and improved significantly. /13, p. 1218/

Now Carbone Dioxide sensors are significantly invegband have been available for
about 20 years and now annually about 60 000 sefh@oventilation systems are pur-
chased and this is not the limit. Average costsenisors have dropped up to 50%
from 400 euro to 200 euro without installation. Alst all large HVAC companies
offer different types of such sensors.
The most technologies in detectors is so nhamedaictige, so it means that gas should
somehow physically or chemically interact with tegector itself. /2, p.3/
Main type of CQ sensors are:

* infrared

» electrochemical

» photo- acoustic

* mixed gas sensors

CQO, is very inert therefore the conventional interactcannot be used and because of

this the most wide used type is non-dispersiveanefil sensors (NDIR).

2.5.1 NDIR sensor

The technology of NDIR sensor is based on factelkiaty gas adsorbs light at certain
wavelengths. C&molecules adsorb infrared light at wavelength 4i@oms, accord-

ing to this NDIR carbon dioxide sensors calculades imuch light was absorbed and
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therefore gets the measurement of, el in environment. The apparatus has a
chamber where comes the environment air. This ckaimds a light source at one end
and light detector on another, which is providethwgelective optical filter that admit

light only at wavelength 4,2 microns.

Figure.3 shows IR sensor with second detector @aptical filter intended to wave-
length where no light absorption is. This is useddrrect optical changes over time
which may result because of sensors drifts. Dnifégy occur because particles may

come to sensor.

NDIR CO, Sensor

Infrared Filters
Reference Target Gas
Diffusion Membranes 4 J Dual Beam
2 . kal Infrared
\ =71 Defector

Infrared Source

Waveguide

Microprocessor

Fig. 3 NDIRmssor /4, p.3/

With the lapse of time infrared source become odatel this may cause problems. In
order to prevent it sensors with most stable charistics must be used. Also there
are such options like dual-beam system (shown gar€i3) which prevent both in-
coming of particles and aging of the sensor andipdsy of nighttime calibration of

sensors itself when space is not occupied andonotagy particles are inside.

2.5. 2 Photo acoustic sensor

Photo acoustic sensor operates by diffusing airantensors chamber and expose it
with light at wavelengths absorbed by carbon diexitblecules. As it absorbs light
energy the airs temperature in the chamber incr@adeauses extra pressure pulses.
They are measured by piezo-resistors and tranatattd the processor that calculates
CO; level (Figure 4).
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[ €02 molecule I
IR source o

—_—
e ——

Wave lenght filter

Pressure center

Fig.4 Scheme of Photo acoustic sensor /4, p.3/

This type of sensors are not sensitive to dirtdungt but they are liable to light
source aging. Also accuracies and sensitivity atplacoustic sensors can be
influenced by different kinds of vibrations and nbas of atmospheric pres-
sures. That's why a lot of this type sensors aistude pressure correcting sen-

sor inside. This help to achieve more accurate oreagents. /13, p.

2.5. 3 Electrochemical sensor

Electrochemical sensor measures current conductedsaa gap filled with electro-
chemical solution. Diluted carbon dioxide decregadwvalue of the solution and frees
conductive metal molecules. In order to this, aurgegnals of increased Gevel.

12, p.5/

2.5.4 Mixed gas sensor

Mixed gas sensor detects €@ indoor air but along with other gases. Therefirey

are not so widely used in applications of DCV.p&/

Detectors can send values to the air handlingwavires or wireless. Hard wire
sensors require both signal and power wire andegsesensors work using batteries.
One battery will last for 2-3 years for operatifgletector and data measured by sen-

sor led via wireless network to the control cemifethe whole building. /2p.7/
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2.6 Types of control of DCV system

Various types of control can be used in DCV syséecording to needed effect:

» Simple set point control. Damper or AHU is activhieCO; level increases
given set point value

» Proportional control. Ventilation system adjustsflaiw rates according to le-
vels of carbon dioxide

» Proportional integral control. Air intake is corteal not only by CQ but also
by its changing rate.

» Two-stage control for zone-based DCV. In this systéoth CQlevels and
temperature controls the adjustment.

2.7 Location of CQ sensors according to ASHRAE recommendations

Determining of right location of sensors is oneghaf most crucial things about DCV
installation. Sensors should be placed so that@yitor and measure proper values
of carbon dioxide levels, because according taltta they give air handling unit will
supply needed amount of air to the occupied spEuerefore, if sensors show lower
values of CQin the room environment because of draughts ohiglo location there

can be risk of less ventilated spaces, which waillse indoor air quality problems.

Placement of sensors can be determined accordiiygeaf the building and differ-

ent conditions. Sensors could be wall mounted érdom or duct-mounted.

American organization of HVAC engineers (ASHRAEYes following guidelines

for installation of DCV and C@sensors in buildings. As said in ASHRAE Journal
from February 2001, article “Demand Control Vernida using CQ": “Generally, it

is recommended that sensors be installed it thepsed zone rather in ductwork. This
is because return air tends to be an average spatles being conditioned and may

not be representative of what is actually happemiragparticular zone”. /4, p.4/
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2.7.1 Duct-mounted sensors

Duct-mounted sensors are typically located in theedurn duct or inside the return
air space, before it entering the exhaust air @eviibis location is used when one air
handling unit serves all zones with similar levgi®ccupancy and activity of people
and ventilation system operates continuously. Doatmted location of sensors can
lead to inaccuracies in measurements becausekagesa in ducts or infiltrations.
This type of location is not recommended when thi&ding is divided into several

ventilation zones.

2.7.2 Wall-mounted sensors

Wall-mounted sensors can be mounted like thernredags. Detectors should be
placed exactly in occupied zones within space wpeople sit or stand (holding main
activity). All areas where draughts can cause inete measured values of carbon
dioxide should be avoided. Draughts and leakage®edound near windows, doors,
air intakes or exhaust air units. Also direct bnead on sensor affect the measure-
ments, therefore, sensors should be placed spdloaie will not be closer than 0,6 m

to sensor /4, p. 4/

Consequently to this, it could be evaluated thedion of sensor is one of the most
crucial factors of installing the demand controht#ation. Depends on its’ measured
values certain amounts of air are supplied to tteeipied zone and on it relies occu-
pants comfort. So it is really necessary to avoistakes and room and place for sen-
sor should be studied well so that the detectdrshibw real values and the system

will work properly.

2.4 Investigation of occupancy density and DCV iNorvegian schools

In year 2002 81 schools in Oslo, Norway were setétd research how much energy
can be saved by using a demand-control ventildtased on carbon dioxide levels
(DCV- COy), demand control ventilation based on infraredupemcy sensor (DCV-
IR) and constant air volume system (CAV). There W& classrooms selected in-

tended for an average 22 occupants with daily pesfausage 4 h.



18
Most of Norwegian schools mostly equipped with Csystems, which are designed
to reduce highest expected indoor pollutants levelsNormal practice for CAV is to
provide a classroom with 270 dfs or 330 dni¥s fresh air, depending on the pollution
load from building materials”. /1, p. 1234/

The air flow rate stays constant during operati¢rmalrs which may come up to 24
hours and this will guide to over-ventilation andsting of energy. DCV-COand
DCV-IR are good alternatives to CAV systems. It hasn shown in Sweden that
DCV-IR can reduce energy consumption of ventilaggstem up to 50%, also infra-

red-occupancy sensors are much cheaper than cdidpade detectors.

Outdoor concentrations are approximately 350 ppamwdgian guidelines gives a
maximum indoor level of 1000 ppm for schools. Tleedhed air flow rates for differ-
ent ventilation systems were calculated based kbmifimg assumptions and then
compared to each other:

“ CAV: Dgaed for 30 occupants (7 dfa person) and
additional 1 dri¥s(nf) due to pollution load from materials.
This airflow is maintained during the entire opergttime of
the air-handling unit.

DCV-CO,: Designed for the actual number of occupants
present and a minimum airflow of 1 dis(n?) when the C@
level is less than 700 ppm. The minimum airflow is
maintained until the CQevel rises to 900 ppm after the
start of the lesson. The ventilation rate is thremaased and
regulated to keep the G@oncentration at a steady-state
level of 900 ppm. At the end of the lesson, thistiation
rate is maintained until the G@evel drops below 700 ppm
when the ventilation rate is reduced to minimundif/s(nt)).
The CQ level of 900 ppm was chosen because the
Norwegian regulations recommend a maximum of 1000
ppm, combined with the fact that mixing ventilatioas an
overall relative ventilation efficiency of less th&.0 in
practice compared to perfect mixififj. Another consequence
of the choice of 900 ppm is that the resultant
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ventilation rate is approximately the same as CAVBRVIR
for a full classroom with 30 occupants during steathte
conditions.

DCV-IR: Designed for 30 occupants (7 dmperson) plus an
additional 1 driys(nf) for the pollution load from the building
materials. An infrared occupancy sensor contras th
ventilation rate between minimum airflow (when the
classroom is unoccupied) and the design airflowefwh

the classroom is in use). The minimum airflow idni*/s(n).
In each case, the air supply distribution principl¢he
classroom is fully mixed.” /1, p. 1235/

Inspection shows that in 74 % of cases school romsngpancy density is lower than
they are designed for. Research show that bas#@dand calculations of energy
savings DCV-CQ@strategy can help to reduce air flow rates upt¥ 5 comparing

to CAV systems during 6-hours operation period amdo 31% during 24-hours op-
erational period and DCV-IR up to 74% in case ¢ioéH's operation, 36% for 24-
hours operation. Figure 5 shows air volumes ofelsteategies in dependence of oper-

ating hours.

25000

20000 —
Air volume:CAV —‘L

m3/day

10000 PN (SR /NS | S
Air volume:DCV-IR

5000

£ Air volume:DCV-CO, |

PN IS S S N S
6 9 12 15 18 21 24
Top [hours]

Figure 5. Air volumes of three strategies in deperehce of operating hours /1,
p.1234/



20

120

; Energyuse: CAV '

kWh/m?
per year

40 S S SO S (S —
Energyuse: DCV-IR

20 &

Energyuse: DCV-CO,
ol .| N |
6 9 12 16 18 21 24

Top [hours]

Figure 6. Energy use of three strategies in dependee of operating hours /1,
p.1234/

Figure 6 shows energy savings of three strategidependence of operating hours.
Research shows that the DCV-£i® able to save up to 50% of energy during 6-hours

operational use and 24% for 24-hours usage./1,§123
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I INVESTIGATION OF CLASSROOM D317 IN D-BUILDING

3.1 Overview of the classroom

D-building of the main campus of Mikkeli Universit§ Applied Sciences has been
recently renovated and new classrooms for studeerts built. Also, demand control
ventilation system, using carbon dioxide sensor apdied.

One room was chosen for this study because ofadent that one student suddenly
fainted without specific reasons for that and oesup complaints about bad indoor
air quality, odors and lack of fresh air suppliedhie room. The room is situated on
the 3% floor of D-Building and it's number is D317. It govided for lectures and

seminars for nursing students, total amount ofssgatvided for students is 20.

The area of the room is 107 and it is provided with three supply air terminaits
and two exhaust. Figure 5 and 6 show picturesetlass room and the placement of
supply (model JTC) and exhaust (model EVA) aimieal units, both made by
Flaktwoods company. Supply air devices are condegeeducts with size 250 mm to
one air handling unit TK 43, situated on ti&flbor in the machine room. Main duct
of supply air flow has size of 315 mm and cometh&room from corridor. There a

damper is installed on the main duct.

The damper works in conjunction with €8ensor. It sends information to building
control system built up by Schneider Electric andoading to this the damper reduces
or increases the required amount of air. Maximww ftate supplied to this room is

350 dni/s, maximum amount of exhaust air is also 356/gm

At the moment DCV system has been adjusted sosthmtdly air flow rates cannot be
reduced more that 40% during the occupational gefiibis step was taken to provide
needed amount of air so that the occupants wouldaraplain about odors of newly
repeated building. The set point at which therdlaw rate increases is 750 ppm.

Figure 7. shows the picture of the room and Figur8hows the placement of the

supply air devices.



Figure 7. Picture of investigated D317 room

e

Figure 8. Placement of supply air terminal units inD317



23

The current location of carbon dioxide sensor &ritlee entrance door as shown in
Figure. 7. According to ASHRAE recommendations erstiallation guidelines this
placement might be not optimal. Because of draftsair leakages caused by the
movements of the door or untightness of the doeicdrbon dioxide sensor may show
lower levels of CQcompared to the room and this will make the vahth system to
decrease air flow rates. Therefore, air qualitthemroom may be low and occupants’
comfort could be harmed.

Fig.7 Current location of system’s carbon dioxide ensor

Type of sensor used in the room is TAC SCR100 hn8icler Electric, shown on
Figure. 8. This is an infrared type of sensor idehfor wall mounting. It measures
carbon dioxide in the ambient of the room in coniions up to 2000 ppm and
transfers data into a 0 — 10V or 0 — 5V outpuhaigAccuracy of the sensor is +/-5%

of measured value.
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Figure 8. TAC SCR100 by Schneider Electric / 11/

3.2 Methods

3.2.1 General determination

For determination of best location of DCV sensoasugements of air humidity, air
flow pattern, temperature and carbon dioxide lewrel#ifferent parts of the room were

made. Also outside air levels of carbon dioxideevaeasured, too.

Measurements were made in the room in three mepsst

1. Comparison of measured values of carbon dioxidénkee sensors — two TSI
IAQ Calc and existing systems’ sensor during peabdccupation.

2. Measurements of the minimum and maximum air flol@sdrom every supply
air device when no occupants were in the room.

3. Measurements of carbon dioxide levels, humidity @miperature during pe-
riod of occupancy.

4. Measurements of air velocities and studying and@iv pattern of the room
by using smoke machine.

Measurements were made by the following list ofickey
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* Temperature and humidity were measured by EBRO Z2BBI
» Air flow rates by TSI Airflow device by TSI company
» Carbon dioxide levels by TSI IAQ Calc by TSI compan
» Smoke to study air flow patterns was created withr@lle smoke machine
SF-80

3.2.2 Comparison of three sensors

Comparison of three sensors was made to estimatdifference between values
measured by calibrated TSI sensor and existingosdaysbuilding automation system.
This is needed to define possible inaccuracy dftarg sensor and make a correction
for data it gives.

First, calibration was made with a bag fixed tigtgttound the sensor, two tanks with
gas of 0 ppm and 1000 ppm, small plastic tube BIdAQ sensor placed inside the
bag to see C&xoncentration in it. Picture of installation is sfroon Figure 9.

Figure 9. Installation of “bag” comparing of sensos
It was assumed that the bag will be filled up vg#s which contains certain amount
of carbon dioxide and then we could check the nreasdata of building automation

system and learn the possible difference and sygSts#nsor inaccuracy.

Second, two TSI sensors were placed close byiexi$AC sensor and were record-
ing carbon dioxide levels during one lecture fro4b to 15-15 p.m. Picture of in-

stallation is shown on Figure 10.
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Figure 10. Picture of installation for comparing ofthree sensors results

Afterward results given by two sensors were compévadata given by building au-

tomation system.

3.2.3 Measurements of maximum and minimum air flowates

Measurements were made with minimum air flow wakccupants have left the
room and with the maximum air flow rate when arotimel systems sensor approx-
imately 1900 ppm level of carbon dioxide was getegta

Level of carbon dioxide near the system’s sens@ measured by TSI IAQ Calc,

which was calibrated beforehand.

TSI Airflow device was used with two plastic tulveas used to measure the pressure
difference in the supply device. Tubes from meagudevice are connected with

tubes from air terminal unit and air flow is detaned.
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Figure 9. Supply air terminal device and the contrbplate of the terminal device

3.2.4 Measurements of carbon dioxide levels

Second step of measurements took place duringréscivhen occupants were inside
the room. Two measuring instruments TSI IAQ Caig(Fe.10) and two Humidity
and Temperature Sensor EBI 20 by EBRO (Figure Etgwlaced in two corners of
the room according to ASHRAE Recommendations in R8H Journal, February
2001:
“Location of Wall-dint Sensor<Criteria for placement of
wall-mount sensors are similar to those for temijpeeasensors.
Avoid installing in areas near doors, air intakegxhausts
or open windows. Because people breathing on the
sensor can affect the reading, find a location eliteis unlikely
that people will be standing in close proximityf(20.6 m]) to
the sensor. One sensor should be placed in eaghwduere
occupancy is expected to vary. Sensors can beruzbig
operate with VAV based zones or to control largeaa up to
5,000 ft2 (465 m2) (if an open space)”. /4, p. 4/
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\

Figure 10. TSI IAQ Calc /12/

Figure 11. EBRO humidity and temperature sensor ER0 /14/

Also, it has to be taken into account at this ptiat the occupant’s activity in the
classroom can be different in different parts &fatthe metabolic rate and therefore
level of exhaling carbon dioxide can vary. Becauglet part of the room is intended
for simulating nursing processes which requiresditeg and moving so the metabolic
rate and exhaled carbon dioxide amounts will bédrigone sensor was placed there
between beds with dolls-patients on the high ofl,Also, this location meets other
ASHRAE requirements — it is enough far from exhaust supply terminal units and

from door and window. Location of sensors is shanrfigure 11.
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Figure 12. Plan of sensor’s location in the room

The Second place chosen situated on the left gdetaachers desk in the corner
(CO; Sensor 1). Sensors are placed at the height ehét@rs because activity held in
this part of room is sitting. Required distancesrfrdoor and window and supply and
exhaust terminal units were maintained.

Picture of installation is shown on Figure 1Zdnsists of TSI IAQ Calc sensor for
measuring carbon dioxide, sensor EBRO EBI 20 foasueng humidity and tempera-
ture and a note which contains text in Finnish:-gaing CQ measurements! — Do
not touch! Do not breath towards the sensor!”

Two installations were left for a time period frd.00 a.m. to 18.00 p.m. and were
recording carbon dioxide levels in these two pafthe room every five minutes.

Number of occupants attending to each lecture warsuiadly recorded also.
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Figure 13. Picture of installation

3.2.5 Determination of air flow patterns in the r@m

Air flow patterns in ventilated room are mainly elehined by the location of the
supply air devices. It is assumed that during ¢lotulres all gas exhaled by occupants
is mixed in the air and that it will follow the dlow patterns in the room. Therefore,
air flow patterns near locations of sensors arelae with help of smoke machine to
show how the air flows go near the location of sesis

Smoke or fog machine is a mechanical device thed agher inert gas or electric

pump to propel mineral oil or water glycol mixtucevaporize it. /15/
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Figure 14. A air flow patterns determination with asmoke machine
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IV _RESULTS

4.1 Comparing of results measured by three carbodioxide sensors

4.1.1 Comparing of results measured with “bag” méiod

First “bag” method of sensors’ values comparingmtasuccessful. During experi-
ments with Oppm gas, values measured by TSI IA@ @ale decreased only by 376
ppm and then goes upwards. According to systemmsasadata smallest carbon dio-
xide level during experiment was 407 ppm. Resulta@asurements are given in Ta-
ble 3.

Table 3. Results of measurements by fillintpe bag with 0 ppm gas

Time |TSI Sensor System A CO2
sensor
14:27 572 523 -49
14:28 484 523 39
14:29 499 473 -26
14:30 444 407 -37
14:31 424 561 137
14:32 376 526 150
14:33 445 644 199

In the same way, during filling the bag with 10(@pthe highest level showed by
TSI sensor was 730 and then according to it le€l@ goes down.

Results of measurements are given in Table 4 below.
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Table 4. Results of measureme by filling the bag with 1000 ppm gas

Time |TSI Sensof System A CO2
sensor
14:36 730 789 59
14:37 644 699 55
14:38 672 598 -74
14:39 713 640 -73
14:40 618 603 -15
14:41 568 737 169
14:42 557 614 57

4.1.2 Comparing of results measured by three senso

Results of measured by two TSI sensors and builgitigmation sensor values are
given in Appendix 1. Figure 15 shows three recagsl# so that it is noticeable that
existing sensor shows bigger values at approxima@ppm rate.

In comparing, TSI sensors have little differenbejtt carbon dioxide curves are going
along each other. It means that systems sensovaaies should be corrected with

mean value, which is according to equation:

c= Z(Cexisting _CTSI )

n

,AC = 65ppm

Where Gyising— CQ value measured with existing sensor,
Gsi— mean value measured by TSI sensors

c- number of samples
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Figure 15. Measured value§carbon dioxide by three-sensors

4.2 Results measurements of minimum and maximumrailow rates

Measuring of air flows at each supply air unit wiasie during no occupancy period.
Results of it are shown in Table 3 and Table 4.

Table 3. Minimum air flow rates from each supply teminal device

| [ 1 Total
Avg., dni/ls 39 45 55 141
Min., dn/s 32 39 49 122
Max., dnf/y 43 50 60 154

Carbon dioxide levels measured by TSI IAQ Calc riearsystem’s sensor avg. 549
ppm, value measured by system’s sensor accordigiyéo information by Schneider
Electric maintenance personal 554 ppm.
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Table 4. Maximum air flow rates from every supplyterminal device

| T 1 Total
Avg., dnt/s 106 112 131 349
Min., dms 86 103 127 317

Max., dni/s 114 120 138 373

Carbon dioxide levels measured by TSI IAQ Calc niearsystem’s sensor app. 1500
ppm, value measured by system’s sensor accordimgaionation given by Schneider

Electric maintenance personal 1800 ppm.

Air exchange rate for room can be calculated bipfahg equation:

n=2,
Vv

Where Q-total supply air flow rate, in maximum ca866 ni/h, in minimum case
508 ni/h

V — volume of the room, 428m

In case of the maximum flow rate air exchange valiebe 2,9 1/h and in case of min-

imum flow rate 1,2 1/h

Concentrations of carbon dioxide were high enoaghdrease air flow rates to its
maximum because according to data given by Schneidetric the set point of car-

bon dioxide at which ventilation achieves its maximis 750 ppm.

Classroom intended for 20 students and one lectom@ximum air flow rate is 350 I/s
it means that for one person it is supplied 16, 7/slof fresh air. According to the
Figure the equilibrium point of carbon dioxide Faoximately 330 ppm. In case of
minimum air flow rate — 140 d¥fs, amount of air per person is 6,7 ¥srand the

equilibrium point will be 1000 ppm.
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4.3 Measurements of carbon dioxide levels

Appendix 3 contains table which shows measuredocadioxide levels every five
minutes in the room and also measured levels kgsys existing sensor every ten
minutes and also it's corrected value in accordao@alculated mean difference be-

tween building automation system and TSI sensors.

Figures 16 and 17 showing graphs of carbon deladels measured by two sensors

in the room during whole day and one existing senso
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Figure. 16.Carbone dioxide levels in the classrooduring whole day including ucorrected

existing sensors data
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Figure. 17. Carbone dioxide levels in the classom according to number of occupants

including uncorrected existing sensors data.

Figures 18 and 19 showing graphs of same dateéShgdnsors, but data of existing
sensor is corrected with 65 ppm value.
Figure 20. shows changing of number of occupantsiguvhole studying day
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Figure 18.Carbone dioxide levels in the classroom during whelday including

corrected existing sensors data
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Figure. 19. Carbone dioxide levels in the classrooaccording to number of

occupants including corrected existing sensors dat
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According to formula given in book “Achieving theslred indoor climate” steady
state conditions can be calculated by the formula

M
C =C,+—
\%

Where ¢is indoor (room) concentration, mgim
gis supply (outdoor) air concentration, m§/m
M is pollutant source strength mg/h
V is ventilation rate, fth /16, p.128/

Maximum occupancy density in D317 was 19 occupantsthe minimum air flow
rate is 141 drifs, 1 person produces 33g of £gr hour.

Therefore, assumed steady state conditions for mitirbe 2121,4 mg/or 1162
ppm.

Results of measuring of relative humidity and terapee are given in Appendix 4.

Mean value of humidity is 27,1% and temperaturé 22,

4.4 Air flow patterns near sensors locations

By using a smoke machine it was estimated thatrgiki the room is effective and
goes at a high rate. Air flows stream down frompyair devices mixing with each
other and then spreading horizontally all overrtham.

It is assumed that carbon dioxide exhaled by oauispaixed fully to the surrounding
air and follows air flow streams.
Figures 21, 22, 23, 24 show how the air distrisai®ng the room.
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Figure 22. Air flowaitern of the room

Figure 22. Direction of air flowst point Sensor 1




Figure 23. Directiorf air flows at of existing CO, sensor

Figure 16. Direchoof air flows at of point Sensor 2
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V_DISCUSSION

Installing of Demand Control Ventilation is an eltept way to save money in build-
ings with varying type of occupancy like in caseD&17. But this system is a very
sensitive installation. Plenty amount of factorst only mentioned in this work but
also many others should be taken into account bigdimg and installing of the sys-
tem. Designer must make the system so that albas’ will work properly in conjunc-

tion together.

Only this way the system will give its benefitdagatisfy needs of occupants. This is
how we can achieve both best indoor air quality significant economy and also
protect the environment by reducing amount of epeonsumed and therefore emis-

sions of polluting gases to atmosphere.

According to results given by measurements inThissis work it can be evaluated
how many factors have influence to carbon dioxelessrs and comfort of occupants
and emphasize that the right location of sensonéof the most crucial things by

installing demand control ventilation.

Results comparing of three sensors defines thadibgs automation sensor shows
bigger values at approximately 65ppm rate. Measeanesnof carbon dioxide in the
room shown on the graph with corrected values ddfiat Sensor 1 which location
was near blackboard. Values of carbon dioxide teware higher during whole day
approximately for 7 to 10 ppm than Sensor 2 whatfation was near simulation beds.
This range wasn’t high enough, moreover, the cadhoxide level didn’t achieve
maximum set point of 750 ppm because the highest hown by TSI Sensor 1 in

the corner was 745 ppm.

Based on this investigation it can be assumedtiieabest place for carbon dioxide
sensor will be in the corner near the blackboadlteacher table where TSI Sensor 1
showed the biggest values, but still more invesitga are needed. The difference
between values given by three sensors wasn’t vigh; Bo there needed more field

studies under higher occupancy.
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Air flow patterns in the room showing a well mixin§the air, so we can assume that

there was a full mixing of carbon dioxide to theaor air.

According to the results of humidity and temperatgot it is clear that both of these
factors are quite equal in the volume of the roalsg the requirement of operative

temperature value is met.

But not only the location of the carbon dioxideattr has influence on indoor air
guality in the room and occupants comfort. It Egnificant factor that D-building
MUAS has been renovated and taken into commissydess that year ago, so the
levels of indoor contaminants and odors produceddwy building materials are very
high and the minimum air flow rate in the buildisigould be not less that 50 — 60 %
of the maximum flow rate. Due to this other tharbca dioxide indoor contaminates
will gas off and won’t harm anyhow occupants corhéord health.
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APPENDIX 1

Results of measurements of carbon dioxide by thressnsors in one location

needed to compare it

Time | Sensor 1Sensor ZSystems
sensor
11:44 548 581 548
11:45 509 525 548
11:46 498 513 548
11:47 481 494 548
11:48 | 475 488 548
11:49 | 472 482 548
11:50 478 486 548
11:51 474 487 548
11:52 544 539 548
11:53 506 516 548
11:54 503 514 548
11:55 490 503 548
11:56 479 491 548
11:57 464 473 548
11:58 461 471 548
11:59 454 463 517
12:00 452 460 517
12:01 448 457 517
12:02 446 455 517
12:03 444 452 517
12:04 441 450 517
12:05 440 449 517
12:06 441 449 517
12:07 442 450 517
12:08 445 454 517
12:09 445 453 517
12:10 444 454 517
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12:11 | 441 451 517
12:12 | 437 445 517
12:13 | 435 443 517
12:14 | 434 | 442 517
12:15 | 432 441 517
12:16 | 431 440 486
12:17 | 431 439 486
12:18 | 430 | 438 486
12:19 | 430 | 437 486
12:20 | 430 | 437 486
12:21 | 429 437 486
12:22 | 428 436 486
12:23 | 433 440 486
12:24 | 432 440 486
12:25 | 429 436 486
12:26 | 428 435 486
12:27 | 428 435 486
12:28 | 428 434 | 486
12:29 | 426 433 486
12:30 | 426 433 486
12:31 | 425 432 574
12:32 | 425 431 574
12:33 | 425 431 574
12:34 | 425 431 574
12:35 | 425 431 543
12:36 | 424 | 430 543
12:37 | 424 | 430 543
12:38 | 425 431 543
12:39 | 426 431 543
12:40 | 426 431 543
12:41 | 499 506 543
12:42 | 493 503 543
12:43 | 489 496 574
12:44 | 494 502 574

a7



12:45 487 493 574
12:46 486 493 574
12:47 490 496 574
12:48 492 498 574
12:49 496 505 574
12:50 509 518 574
12:51 511 519 574
12:52 517 525 574
12:53 521 530 574
12:54 517 527 574
12:55 519 528 574
12:56 527 534 574
12:57 529 537 574
12:58 526 534 574
12:59 527 535 574
13:00 529 537 574
13:01 528 535 574
13:02 526 533 574
13:03 531 538 574
13:04 533 540 574
13:05 536 543 574
13:06 535 541 574
13:07 537 542 574
13:08 539 545 574
13:09 538 545 574
13:10 540 547 574
13:11 541 548 605
13:12 542 547 605
13:13 542 548 605
13:14 543 549 605
13:15 545 551 605
13:16 546 553 605
13:17 545 551 605
13:18 545 551 605
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13:19 545 551 605
13:20 548 554 605
13:21 550 556 605
13:22 552 560 605
13:23 550 558 605
13:24 553 559 605
13:25 552 558 605
13:26 552 557 605
13:27 550 556 605
13:28 549 555 605
13:29 552 557 605
13:30 551 556 605
13:31 550 556 605
13:32 550 556 605
13:33 551 557 605
13:34 553 559 605
13:35 552 558 605
13:36 553 559 605
13:37 556 560 605
13:38 554 559 605
13:39 552 559 605
13:40 553 558 605
13:41 553 559 605
13:42 551 557 605
13:43 551 556 605
13:44 550 556 605
13:45 549 555 605
13:46 547 553 605
13:47 548 553 605
13:48 548 552 605
13:49 546 551 605
13:50 546 551 605
13:51 546 551 605
13:52 545 551 605
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13:53 | 545 551 605
13:54 | 546 552 605
1355 | 547 552 605
13:56 | 545 551 574
13:57 | 546 551 574
13:58 | 553 559 574
13:59 | 550 558 574
14:00 | 555 561 574
14:01 | 555 564 574
14:02 | 548 555 574
14:03 | 543 548 574
14:04 | 539 543 574
14:05 | 532 537 574
14:06 | 526 530 574
14:07 | 518 523 574
14:08 | 512 518 574
14:09 | 508 514 543
14:10 | 505 510 543
14:11 | 498 505 543
14:12 | 495 502 543
14:13 | 497 501 543
14:14 | 500 504 543
14:15 | 501 506 543
14:16 | 498 504 543
14:17 | 491 499 543
14:18 | 484 | 492 543
14:19 | 477 485 543
14:20 | 474 | 481 543
1421 | 470 | 479 543
1422 | 467 477 543
14:23 | 466 475 543
14:24 | 465 473 543
14:25 | 464 | 471 543
14:26 | 462 469 543
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14:27 | 462 468 512
14:28 | 459 466 512
14:29 | 458 464 512
14:30 | 456 463 512
14:31 | 455 461 512
14:32 | 453 459 512
14:33 | 452 458 512
14:34 | 450 456 512
14:35 | 449 456 512
14:36 | 447 454 512
14:37 | 446 453 512
14:38 | 445 451 512
14:39 | 445 450 512
14:40 | 443 450 512
14:41 | 442 448 512
14:42 | 441 447 512
14:43 | 441 447 512
14:44 | 439 446 512
14:45 | 438 445 512
14:46 | 438 445 512
14:47 | 437 443 512
14:48 | 436 443 512
14:49 | 436 442 512
1450 | 435 441 512
1451 | 435 440 512
14:52 | 433 439 512
1453 | 433 439 512
14:54 | 433 438 512
14:55 | 431 437 482
14:56 | 431 437 482
1457 | 431 436 482
14:58 | 430 435 482
14:59 | 430 436 482
15:00 | 429 435 482
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15:01 428 434 482
15:02 428 433 482
15:03 428 433 482
15:04 427 432 482
15:05 426 431 482
15:06 426 431 482
15:07 425 431 482
15:08 425 430 482
15:09 425 429 482
15:10 424 429 482
15:11 424 429 482
15:12 424 429 482
15:13 423 428 482
15:14 422 427 482
15:15 423 428 482
15:16 422 428 539
15:17 421 427 732
15:18 422 427 530
15:19 421 426 530
15:20 421 426 530
15:21 420 426 622
15:22 421 425 739
15:23 420 425 607
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APPENDIX 2

Results of measurements of carbon dioxide in thredifferent locations during

period of occupancy

OccupantsTime Sensor 1Sensor ZSyStem'S
sensor

10:02 461 447 473
10:07 454 431
10:12 452 429 504
10:17 474 478
10:22 511 526 565
10:27 553 558
10:32 580 573 629
10:37 599 598
10:42 611 620 629
10:47 625 614
10:52 625 615 629
10:57 626 609
11:02 612 596 589
11:07 580 578
11:12 551 560 567
19 11:17 | 533 541
11:22 520 529 567
11:27 512 521
11:32 503 521 567
11:37 524 547
11:42 582 611 662
11:47 665 676
11:52 708 717 743
11:57 733 728
12:02 729 735 732
12:07 734 725
12:12 745 712 668

17




12:17 731 667

12:22 706 644 638

12:27 675 624

12:32 648 598 607

12:37 613 569

12:42 585 544 576

12:47 575 524

12:52 549 515 545
| 12:57 536 498

13:02 518 491 545

13:07 497 477

13:12 488 471 545
0 13:17 477 463

13:22 468 453 545

13:27 461 447

13:32 454 439 515

13:37 449 434

13:42 447 433 519

13:47 496 493

13:52 551 547 620

13:57 586 584

14:02 610 617 651

14:07 617 631

14:12 628 639 651
16 14:17 631 640

14:22 642 645 682

14:27 644 656

14:32 648 652 682

14:37 645 657

14:42 644 649 682

14:47 659 651

14:52 654 651 682

14:57 641 636

15:02 630 630 682
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15:07 624 629
15:12 620 631 651
15:17 617 620
15:22 628 619 620
15:27 608 586
15:32 570 547 559
15:37 542 519
15:42 540 512 625
15:47 582 553
15:52 603 589 655
15:57 620 608
16:02 621 628 655
16:07 635 635
16:12 643 637 688
16:17 641 639
16:22 638 642 688
16:27 641 638

18 16:32 643 639 688
16:37 646 636
16:42 643 634 688
16:47 637 636
16:52 639 643 657
16:57 625 613
17:02 602 585 622
17:07 583 570
17:12 607 579 655
17:17 635 606
17:22 641 622 686
17:27 644 635
17:32 643 639 686
17:37 643 639
17:42 656 647 686
17:47 659 658
17:52 658 651 686
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17:57 652 646
18:02 655 647 686
18:07 653 653
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APPENDIX 3

Results of measurements of temperature and humidity

_ Sensor 1 Sensor 2
fime Humidity, %Temperature, °CHumidity, % Temperature, ° C
10:00:00 27,4 221 27.1 22.0
10:15:00 28,5 221 28.5 22.0
10:30:00 29,1 22.3 28.8 22.2
10:45:00 29,1 22.3 28.5 22.3
11:00:00 28,3 22.3 27.9 22.3
11:15:00 27,8 22.3 27.5 22.3
11:30:00 28,0 22.3 27.7 22.3
11:45:00 29,3 22.4 28.3 22.5
12:00:00 29,0 22.6 28.1 22.7
12:15:00 28,3 22.6 27.1 22.6
12:30:00 27,3 22.6 26.6 22.6
12:45:00 26,8 22.5 26.1 22.6
13:00:00 26,3 22.5 25.8 22.5
13:15:00 25,8 22.3 255 22.3
13:30:00 25,5 22.2 254 221
13:45:00 26,6 22.3 26.5 22.2
14:00:00 26,4 22.5 26.5 22.5
14:15:00 26,3 22.6 26.1 22.6
14:30:00 25,9 22.7 25.8 22.7
14:45:00 25,7 22.7 254 22.8
15:00:00 25.3 22.6 25.3 22.7
15:15:00 254 22.6 25.0 22.6
15:30:00 24.8 22.5 24.6 22.4
15:45:00 25.7 22.5 25.6 22.4
16:00:00 26.0 22.7 25.7 22.6
16:15:00 25.9 22.8 25.8 22.7
16:30:00 26.2 22.8 25.8 22.8




16:45:00 26.3 22.8 25.9 23.0
17:00:00 26.3 22.8 25.8 22.8
17:15:00 26.9 22.8 26.6 22.8
17:30:00 27.1 23.0 26.7 22.8
17:45:00 27.2 23.0 26.8 22.9
18:00:00 27.6 23.0 26.8 23.0
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