9.

CONNECTION WITH HEATING OR HVAC
SYSTEM

The building lumped model validated in chapter Bd @he ventilation model described

chapter 6, can both be connected to a traditioeatihg system including radiators or hea
floors, or to an HVAC systenThis chapter is aimingp present some plications resulting
from the coupling of the building modwith its heating or HVAC system.

9.1. Connection with heating system

A two zones house modehn bimplemenéd with two hot water emission systems (radia
or heating floor), those being connectecfour types of plants: classical boiler, condens
boiler, air/water heat pumgbrine water/water heat pump wittutdoor horizontal ground
water heat exchanger. Theodelcan also be provided witloom air conditioers for heating
and/or cooling.

One particular applicationan concer such a high mass emissiggstem as heating flc,
connected to a bringater/water heat punwith horizontal ground watdreatexchanger.

9.1.1 Heating floor model

The heating floor can beonsidered asa semi isothermal watdleor exchangerwith
isothermal conditionsn the floor capacity node which is provided withharmal capacit
corresponding to the vate heating floor maslocatedabove the insulation laye(fig. 9.1,
left). A resistance can kedded at the bottom of the floor in order to ac¢danlosses to th
room underneath.
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Fig. 9.1: Heating floor model (left) and ground model (rig
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9.2

Qex,floor = qu,floor - Qfloor,storage Qloss,room,under,zl + anin,room,up,zl (9 1)

. ts,floor - tin
Qex,floor
R floor,in

qu,floor = Efloor ° Cw,floor' (tw,su,floor_ ts,floor)

€floor = 1 — exp (= NTU¢per)

1
NTU¢joor =

CW,ﬂOOI’ ) Rw,floor

qu,floor = Cw,floor' (tw,su,floor tw,ex,floor)

Qfloor,storage = Ctloor - dts floondtau

Tinal

ts,floor = ts,floor,init + J. (dts,floor\dtau ) dr

Tinisal

tw,su,floor + tw,ex,floor
2 - troom,under

Qloss,room,under,z1 = R
floor,losses

anin,room,up,zl = Qloss,room,under,zz

Heating floor parameters can be deduced from thar fizing so that the heat emission is
sufficient to compensate the building losses in mamsteady-state conditions, without
exceeding a maximum floor surface temperature egua®°C. Nominal conditions can be
defined ag,, = -10°C/t,, = 20°C to compute building losses. The heat floor nomnivaking

conditions can be,, ., = 40°Ch,, (.., = 32/t,,= 20°C. The nominal heating floor water flow
can be deduced from those nominal conditions.

If the floor area needed to compensate the zoneinabnheat losses exceeds the zone
available floor area, a back-up heat power candoedthrough an electric radiator during the
occupancy hours.

The simulation of the heating floor behavior reqaira control strategy (fig. 9.2). The set
point temperature of the water supplied to the mwoes can be imposed through a feed-
forward control related to the outdoor temperatargg corrected by a feedback control on
zone 1:

tw,su,floor,set = tW,su,floor,nom + Cff' (tout - tout,nom) + Cfb,zl' (tset,zl - tin,zl)
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9.3

twsufloor,nom = 40 [TC] Ctpz1 = 5 (9 2)
-2
Cff = 3_
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Fig. 9.2Control low for heating floor emission syst

A proportionalfeedback contrccan be applied to maintain this seimt water temperatul
(fig. 9.3):

su.floor heat.backina

su.floor .max heat.backina .max
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Fig. 9.3Proportional feedback contr on floor water supply temperatufor the heating
floor (left), andon zone indoor temperatufor the backing heating syste(right).

qu,floor = Xheating,floor,control ' qu,floor,max

Xheating,floor,control = Max ( Min ( Cyy heating,floor,control * ( tw,su,floor,set = tw,su,floor)» 1), 0)
C i = 2 [KY

w, heating,floor,control
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9.1.2 Brinewater - water heat pump

9.4

The compressor electricity consumption can be ewatlithrough a set of order 2 polynomial
regressions laws, giving the heat pump COP andeswsat heat power as function of:

The temperature of the water supplied to the e\apor

The temperature of the water leaving the condenser

The heat pump nominal heat power and the COP detatEN255 standard conditions
(0°C at the evaporator and 35°C at the condenser).

The coefficients of those regression laws can hessetl through simulations on a detailed

model of heat pump (ref. [11]).

A simple dynamic model of the ground can be usecbtapute the temperature of the brine
water supplied to the evaporator (fig. 9.1). A grduemperature node is submitted to a
damped sinusoidal temperature signal, and conndctetie heat pump evaporator brine
supply temperature, through to resistances andungrheat capacity:

Qev = qu,ground - Qground,storage

tc,ground - tglw,su,ev

Qev = R _ Qsu,ground
ground,fluid

Qground,storage = Cground ’ dtc,ground\dtau
Thnal
tc,ground = tc,ground,init + I (dtc,ground\dtau ) drt
Tinitial
Rground,fluia = 0.001 [K/W] Rgrounda = 0.001
— 9
Cground = 1x10° [J/K]
tground = Ttground,average t Atground - cos (w -
T
w - 2 .

365 - 24 - 3600

tground,average = 10 [T] Atground = 5

(9.3)
tground - tc,ground
Rground
[K/w]
T+ )

[C]
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9.5

9.1.3 Application

The building dynamic model, connected to the hegafimor and to a brine/ water heat pump
allows us to answer the following questiamnit worth performing a night set back with such
a massive heating system?
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Fig. 9.4 Occupancy profiles for ground floor andsfifloor of Esneux house. Indoor
temperature set points for both simulations (camduns heating and night set back) are
represented for ground floor and applied to botofk.
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9.6

A simulation is performed on a traditional housen@x 2: Esneux house). The house is
subdivided into two zones corresponding to the gdofloor and first floor. A first simulation
maintains the heating floor indoor temperaturepe@tt at a constant temperature level, while
a second simulation performs a night temperaturbak.
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Fig. 9.5a Indoor temperature (upper curves) andtimggpower (lower curves) related to
ground floor (full line), and first floor (dottedhle), for a continuous heating strategy. Middle
curve shows the outdoor temperature.
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Fig. 9.5b Indoor temperature (upper curves) andtimegpower (lower curves) related to
ground floor (full line), and first floor (dottedhle), for a night set back strategy. Middle
curve shows the outdoor temperature.

‘Definition and Validation of a Simplified MultizenDynamic Building Model Connected to
Heating System and HVAC Unit’ G. Masy



9.7

Fig. 9.4 shows the occupancy profiles related the@ne. The indoor temperature set points
corresponding to both simulations are represeragedhie ground floor only, as they are the
same for the first floor. The maximum indoor tengtare set point equals 22°C, while the
minimum is 10°C when night set back control is &l

Fig. 9.5 shows the evolution of indoor temperatumed heating power in the two zones, for
both simulation strategies: continuous heatingigihtrset back.

The model can compute the electricity consumptansompressor, pumps and back-up heat
system cumulated over a whole mean year (Fig. 916g full lines correspond to a
continuous heating, while the dotted lines areteel@o the night set back control.

The model shows that the total electricity consuompts nearly the same for both control
strategies, while continuous heating requires atqvortion of high rate kWh, thus providing
a financial economy.

Night set back control provides 1.7 % reductioneakérgy consumption, while continuous
heating decreases the proportion of high rate redggtconsumption by 12 %, providing 6%
financial economy, if the ratio high rate/low rag¢dectricity cost reaches 2. The total
electricity consumption is close for both contrbbgegies, because even with a variable set-
point, the resulting indoor temperature is dampgdHhe heating floor thermal mass (fig.
9.5h), so that it is close to a constant set point.

So the model can help to define a control strateggted to that heating system as far as
energy costs are concerned: for a heating flostesy, connected to a brine-water heat pump
with a ground heat exchanger, the more interestiogtrol strategy in terms of cost
management is to maintain a constant indoor tenyreraet-point the whole day long.
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Fig. 9.6 Cumulated electricity consumptions foromtinuous heating strategy (full lines) and

for a night set back control (dotted lines). Upparves show the total electricity consumption
while lower curves represent the portion of constiompoccurring during high rate hours.
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9.8

9.2. Connection with HVAC unit

The office building lumped model validated in clepb (fig. 5.34), and the office building
ventilation model described in chapter 6, can Hmhconnected to an HVAC system (fig.

9.7).

Zone heating can be performed either by AHU, thhoagonstant air flow systenor by fan
coil terminal units. When terminal units are usé AHU can only provide the zones with
the required fresh air flow.

Zone cooling can be performed either by AHU, thitowgconstant or variable air flow
systemor by terminal units. In the latter case, onlg thquired fresh air flow can be provided
to the zones by the AHU.

The AHU can include the following devices (fig. P.7

Plate heat recovery exchanger;

Economiser: when it isn’t used during occupancgait be used during morning start-
up of the system;

Pre-cooling coil working together with an adiabdtiemidifier, when it exists; both
entities can be controlled by a humidity probe etum air;

Cooling coil which can be controlled by a temperatorobe on supplied air, and by a
humidity probe on return air when dehumidificatiemequired;

Heating coil which can be controlled by a tempea&probe on supplied air;

Steam humidifier which can be controlled by a hutyidrobe on return air;

Supply fan, whose rotating speed can be contrélezione indoor temperature probes
in case of variable air flow system;

Post heating coil which can be controlled by a terafure probe on supplied air, for a
variable air flow system.
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Fig. 9.7: Air Handling Unit connected to a buildizgne.
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9.9

Plate heat recovery exchanger, heating coils andirtal unit coils can be modeled as
classical heat exchangers (ref. [10], [11], [46] &2] ):

* Plate heat recovery exchanger can be modeled drgpss-flowheat exchanger with
equal heat capacity rates on both sides:

(9.4)
AU heat,recovery — 1
NTU heat,recovery =~ v Nheat,recovery = 0.22
C a,heat,recovery NTU heat,recovery
_ exp (_ NTUheat,recovery ’ r]heat,recovery) -1
€ heat,recovery — 1 - exp
N heat,recovery
« Heating coils can be modeled bgunter-flowheat exchangers:
AU heatingcoil C a,heatingcoil
NTU heatingcoil : Wheatingcoil s
Ca,heatingcoil Cw,heatingcoil (9 5)
_ 1 - exp (- NTUheatingcoiI - (1 - Wheatingcoil ))
€ a,heatingcoil —
1 — wheatingcoil © €XP (= NTUneatingcoit - (1 — wneatingcoil ) )
« Terminal unit coils can be modeled $gmi-isothermaheat exchangers:
AUy
NTUTU = .
a, TU
gatu = 1 — exp (= NTUq) (9.6)
Adiabatic humidifier can be modeled through a gie#fiectiveness:
Wex,adiabhum = Wsu,adiabhum +  €adiabhum - (Ws,twb,su,adiabhum - Wsu,adiabhum )

Saturated air humidity ratids wb su adgiabhukelated to air supply wet-bulb temperatues be
computed through an exponential correlation preskimt annex 9.

Steam humidifier can be modeled through a nomite&rs flow rate provided by the
humidifier sizing in winter nominal conditions:

IV'steam,steamhum,n

Wex,steamhum = Wsu,steamhum
Ma,steamhum
(9.7)
hsteam,su,steamhum = hng + Cp,g' tsteam,su,steamhum
ha,ex,steamhum = ha,su,steamhum + (Wex,steamhum - Wsu,steamhum ) hsteam,su,steamhum
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9.10

9.2.1 Cooling coil model

When working indry conditions the cooling coil can be modeled as@unter-flow heat
exchange(9.5).

When working inwet conditionsthe cooling coil can be modeled through Threlkekthod,
i.e. by considering the heat balance between thendi the cooling coil surface water film, on
an elementary areb:

* The convection exchange from air to water can Ipeessed as :

dQc = he - (ta — ty) - dA

(9.8)
« The latent heat provided to the air by the wat@ovaondensation is:
dQL = (hm - (Cpg - tw + Nigo) - (Wsa — Wa)) - dA ©.9)
The heat balance can yield:
dQir = dQc — dQ (.10)

Lewis number Le equals the ratio of thermal diffitgi divided by mass diffusivity. Chilton
and Colburn analogy between heat and mass tracefiebe expressed as follows for an air-
water vapor mixture [46]:

he = hy - (Cpa ¥ Wa - Cpg) - Le(2/3)

For an air-water vapor mixturke = 0.872, so thatLe?/3 = 0.913 = 1, and:

he = hy - (cp’a + wy - cp,g) (9 11)
Equation (9.10) can give:
) he - dA
dQiot = - (ha = hsattw)
Cp’a + Wa . Cp’g (9 12)

Wherehsa: 1wis the enthalpy of saturated air at the surfacemfdm temperature.

The air enthalpyh, can be considered as nearly equal to the enth&maturated air at a
temperature equal to the air wet-bulb temperacodhat:

ha — Nsattw = Nsattwb — Nsattw (9.13)
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9.

Saturated air can then be considered as a fidditilid with its ownsaturatedspecific heat
namedc, sa: expresseth J/kgK (ref. [47] and [48]):

h sat,twb h sat,tw

Cpsat = i _
wb w (9.14)

For a wet regime cooling ¢, characterized by an heat exchangeaivenes, the air-water
heat exchange can bexpressed as function che air supply and exhaust v-bulb
temperatures (fig. 9.8):

t\/\/o,ex,coolingcoil,wet = twb,su,coolingcoil - Sa,coolingcoil,wet ' (t\/\fo,su,coolingcoil - tw,su,coolingcoil )
Air Water Metal Water
: film
1
|
1 £,
s —VV\ MA_L ML ¢
wpo,a : w
Rsat 1 Rm RW
|

Fig. 9.8: Wet ooling coil surface water fill model.

Global effectiveness wet regim & coolingeoilwetc@n be computed as folloy

h a,sat,twbsu,coolingcoil h a,sat,twbex,coolingcoil

Cpsat = ¢ ¢
wb,su,coolingcoil  —  ‘wbh,ex,coolingcoil
(9.15)
- Cpa t Wsycoolingcoil * Cp,g
Rsat,coolingcoil - Ra,coolingcoil,n
Cp,sat
(9.16)
1
Rsat,(:oolingcoil + Rm,coolingcoil,n + RW,coolingcoil,n AU
coolingcoil,wet
9
Ca,coolingcoil _ AUcoolingcoil,we'[
Wcoolingcoil s NTUcooIingcoil,wet s

Cw,coolingcoil,n C a,coolingcoil
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9.12

1 — exp (= NTUcoolingcoibwet = (1 — ®coolingcoil ) )

1 - wcoolingcoil * €XP (= NTUcoglingcoibwet * (1 — wcoolingcoil ) )

€ a,coolingcoil, wet

The ¢, sar Saturated specific heat values can be correlatedr tsupply wet-bulb temperature
and to air wet-bulb temperature decrease (see &@)nex

The heat exchange from air to water film can beswmmred as semi-isothermal with a
constant contact temperatug€fig. 9.8). Thecontact effectiveneszan be:

1

AU coolingcoil,c
—_— NTU c,coolingcoil é ] ]
AU coolingcoil,c a,coolingcoil (9 17)

Rsat,coolingcoil
€c,coolingcoil = 1 — exp (- NTU ¢ coolingcoil )

The contact temperatutgcan be computed, so that air exhaust temperaturdoe deduced
from:

€ a,coolingcoil,wet

tc,coolingcoil,wet = tvvb,su,coolingcoil (twb,su,coolingcoil tW,su,coolingcoil)

€ ¢,coolingcoil

ta,ex,coolingcoil,wet = ta,su,coolingcoil — Ec,coolingcoil * (ta,su,coolingcoil - tc,coolingcoil,wet ) (9 18)

9.2.2 Application

The office room described in chapter 4 84.1.3 carrdpeated as described in chapter 7 8
7.2.2 to generate a four floors office building.€eTbuilding and ventilation models, combined
with a model of Air handling Unit, can be used &rfprm simulations regarding humidity
control.

The office rooms can be submitted to 1976 hot wdan coils can be used in offices to
provide sensible cooling. Fresh air can be centratioled and dehumidified before being
distributed to offices at an 18°C supply tempematurhe temperature of the cold water
supplied to the cooling coil can be 10°C. The @drtooling coil can be controlled by a probe
on supplied air temperature.

The evolution of theutdoor air dew pointwith the correspondingooling coil sensible heat
ratio can be computed by the model (fig. 9.9). The matielws the cooling coil working in
wet regime as soon as the air supplied dew poidbvier than the supplied cold water
temperature.

The model can estimatedoor relative humidityin parallel with indoor and air supply
humidity ratios(fig. 9.10). The evolution of the humidity ratis more continuous than the
evolution of relative humidity, which is very seblg to the indoor temperature: relative
humidity decreases as soon as air temperatureageseand vice versa.

‘Definition and Validation of a Simplified MultizenDynamic Building Model Connected to
Heating System and HVAC Unit’ G. Masy



9.13

Fresh outdoor air is dehumidified by the coolingl that the indoor relative humidity

doesn’t exceed 60%, which is sufficient for comfaént that case, the control of the cooling
coil through a supplied air temperature probe iBigent to achieve comfort. A relative

humidity probe isn’'t necessary.
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Fig. 9.9: Outdoor air dew point temperature, wittetcorresponding cooling coil Sensible
Heat Ratio, for hot wave conditions.
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Fig. 9.10: Indoor relative humidity and humidityti@related to the East offices, with the
corresponding air supply humidity ratio, for hot wveaconditions.
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9.14

The offices rooms can also be submitted to the w@de that occurred in December 1996
and January 1997. Fan coils can be used in offmesooling. Fresh air can be centrally
heated before being distributed to offices at &C18upply temperature.
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Fig. 9.11: Temperature and relative humidity in Eaffice, with the corresponding outdoor
temperature, for cold wave conditions.
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Fig. 9.12: Temperature and humidity ratio in Eafftae, with the corresponding outdoor
humidity ratio, for cold wave conditions.

The evolution of temperature and relative humidityeast office can be computed by the
model, with the corresponding outdoor temperatline indoor temperature set point can not
be reached on time on Monday morning. When no hification is performed, the relative
humidity is too low fort comfort (fig. 9.11).
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9.15

Here again, the relative humidity can be seen todrg sensible to indoor temperature. The
relative humidity is lower during occupancy hourart during night time, while the humidity
ratio is increasing during occupancy hours and eleing during night time. So relative
humidity isn't a good humidity level indicator arftumidity control should better be
performed on the basis of humidity ratio probestaad of relative humidity probes.

Adiabatic humidification can be performed with &d@elative humidity set point, in order to
fulfill humidity comfort requirements (fig. 9.13).
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Fig. 9.13: Temperature and relative humidity in Ealice, when adiabatic humidification is
performed, for cold wave conditions.
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Fig. 9.14: Temperature and humidity ratios in Eaffice, when adiabatic humidification is
performed, for cold wave conditions.
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