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1 Abstract 3 Library Structure

The HumanComfort library provides basic models torhe main structure of th&umanComfort library is
predict the thermal comfort of occupants within an aighown in fig. 1.
conditioned space in mobile or stationary applications.

The library is modularly structured to allow a flexi- = J HumanComfort_Lib
ble use in combination with air conditioning systems )
or complex zone simulations. ThimanComfort li- =#dGettingStarted
brary provides models and funct_ions to_ establish a G]Glubal
multi zone model to analyse the interaction between
the inertia of the zone and a HVAC (heating ventila- ] HurnanComfort
tion and air conditioning) system relating to the ther- —
S
mal comfort of the occupants. The validation of the - Weather
building simulation including a thermal comfort anal- @ Zones
ysis was done by a comparative validation test with
EnergyPlus using DesingBuilder [1]. |j Examples
Keywords: human comfort, thermal comfort, PMV,
PPD, GTO, multi zone model Figure 1:HumanComfort library structure

TheGettingStarted package includes a brief intro-
2 Introduction duction of the library concept and shows the most im-
portant steps to handle the library.

- , The Global package encloses common models and
Energy systems are often optimized with regard %Snctions icons, interfaces, and special types

economical rules, on the other hand humans feel com- _ _
fortable within certain limits defined by thermal and 1€ HumanComfort package contains basic func-

personal factors. Studies showed that the changd'@fS and models to predict the thermal comfort. It
the thermal sensations can be defined by mean<{5P contains a package for the model animation of the
characteristic numbers and standardized mathenfaracteristic numbers.

ical methods. ThefumanComfort library is cur-  1heWeather package encloses functions and mod-
rently developed within the European research projé& to provide annual weather data for the zone model.
EuroSysLib-D, providing basic models to predict the The Zone package provides models for stationary
human comfort in form of mathematical criteria andnd mobile applications. Mobile applications will be
also graphical visualizations. Th&manComfort li- covered by models for aircraft and automotive cabins.
brary uses an integrated approach to simulate a zdif¢ mobile zones are designed as detailed as necessary
(building or cabin model) and an air-conditioning sto analyse the human comfort. It is not the aim of the
multaneously. This approach is crucial for the optimgiobile zones to cover up all effects in detail.
dimensioning of an air conditioning system by taking The Examplespackage includes examples for typi-
the thermal comfort into account. cal applications and verification models.
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4 Human Comfort (GTO), TO25C and TO28C (Operative Temperature

Limits) cover up this adaptive thermal comfort.
Thermal comfort is defined as that condition of mind

that expresses satisfaction with the thermal enviror-
ment. Dissatisfaction may be caused by warm or co
discomfort of the body or may be caused by an ui
wanted cooling or heating [2]. Thermal comfort stan
dards are based on collected data from laboratory a
field studies which provide the necessary statistic

ppppp

MMV_PM,
et

MVM_PPD

data to define the conditions that a specified percel ﬂ i
age of occupants will find thermally comfortable. }.El T
The implemented thermal prediction models cor 3l
sider statistic and adaptive comfort models, based e
the following standards: sl e o &
e DINENISO 7730 2] S =
summary_HC acceptp>
e ASHRAE Standard 55-2004 [3] [
e ISSO 74 [4] .

To predict the thermal comfort, it is necessary toigure 2: Diagram layer of thtumanComf ort model;
consider the thermal factors: temperature, radiant tejgicluding the functions and models for the PMV, PPD,

perature, humidity, and air velocity as well as the peind PD’s calculation, and the HumanComfort adapter
sonal factors: activity (metabolic rate) and clothing in-

sulation. . .
The relation between this factors are provided by theThe characteristic numbers are pooled in one model

standards as mathematical formulated characterifff"€dHumanConfort (see fig. 2). The therefore
numbers. establisheddumanComfort adapter enables an easy
Using the characteristic numbers Predicted Megﬁerfacle for fthe endl-us_er.b Th_|5 T”OWS a cqmplite
Vote (PMV) and Predicted Percentage of Dissatisfidifmal comfort ana ysiS by simply connecting the
(PPD) the thermal comfort can be calculated. HumanComfort model to this adapter.
The local thermal discomfort will be considered by
the Percentage of Discomfort (PD) and can be divided

into the following sections: 4.1 Characteristic Numbers

e Radiant temperature asymmetry

e Draft Calculation methods and the resulting characteristic
numbers are provided in several international stan-
dards ([2], [3], [4]). The characteristic numbers are

Vertical air temperature difference

e Cool or warm wall implemented as functions and models for a flexible
e Cool or warm ceiling use. The most important characteristic numbers are
e Cool or warm floors described in detail in the following sections.

Adaptive thermal comfort consider the fact that oc-
cupants will tolerate a wider range of temperatures and
internal conditions when more control is allowed ovér.1.1 Predicted Mean Vote (PMV)
their internal environment. The implementation of the
ISSO 74 (Dutch Thermal Comfort Guideline) expandéhe PMV is an index that predicts the mean value of
theHumanComfort library with additional characteris-the votes of a large group of persons on the sevenpoint
tic numbers and diagrams regarding the adaptive thitrermal sensation scale [3]. It uses heat balance princi-
mal comfort. ples to relate the thermal and personal factors for ther-
The operative indoor temperature, the Adaptiveal comfort to the average response of people on the
Temperature Limits (ATG) and the annual charactersensation scale. The ideal range is between -0.5 and
tic numbers Weighted Temperature Exceeding Hou8.5 (neutral) (see fig. 3).
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PMV Comfort

+3 hot lg = 0.155.CLO )
+2 warm
+1 slightly warm ¢ ] 105+06451y for Iy >0078 @
0 neutral @7 1+1.29:1g for 1y <0.078
-1 slightly cool Itis necessary to iterate, duelg= f(T) andTy =
-2 cool f(he,To), see eq. 3and 4. The allowed failure of the
-3 cold iteration process is 10.
1 1
25 FPD F'F'Df 35 he—{ 288 Tu—Tod for 238:Tq—Tlt > 121 \Far
"L.l / 121\ Var for 2.38:|Ty—Tal? <121- Var
\ /
04 P ]
! / Ty = 357-0.028(M—W) @
. / » g [3.96-10°8 - fg - (T4~ T%) + for - he - (Ty — Ta)]
""\ [;" The user has two options to describe the input of
10 4 10 the humidity. The first one is to use the water vapour
pressurep,. The second option is to use the relative
5 ] [ - humidity RH. The following equation describes the
relation betweem, andRH.
0 r 0
- a5 0 05 1 . _ RH-10- e16,6536%4030183/(15,\+235) for Pa= 0 (5)
=T Painternal = Pa for pa>0
__ The calculations of all heat losses and the thermal
sensation transformation coefficient are the last steps
-1 0.5 0 0.5 1 to determine the PMV (see eq. 6 to 12).
) ) o TS=[0.303-¢ %%36M 1 0.02g (6)
Figure 3: PMV and PPD visualization, screen shot of
the DymOIa model animation window HLy(skiny = 3.05-0.001- (5733~ 6.99- (M —W) — Pa) %)
PMV = Predicted Mean \ote -] HL _f/ 042-(M—W-5815 for M—-W>5815 ®)
PPD = Predicted Percentage of Dissatisfied%) 2sweay = 0 for M—W <5815
Thermal factors: HLg(atent respirationy = 1.7-0.00001: M - (5867~ pg) 9)
T = ambient temperature K
T? = mean radian?temperature%K% HLa(ary_respiration = 0.0014-M - (34—1ta) (10)
Var = relative air velocity (m/g
Pa = watervapour pressure [P HLsradiation) = 3.96-0.0000000% fe; - (T — T,*) (11)
RH = relative humidity (%]
H L6(convectior) = fCl . hC' (tcl *ta) (12)

Personal factors:

CLO = thermalisolation of the clothing [clo = 0.155-n?- K /W] The final step is the calculation of the PMV.

M = metabolic rate [met=58.15W/n¥]

W = extemalwork W/ PMV = TS-(M—W — HL; — HL, - HLg - HLs — HLs — HLg) (13)
Internal values of PMV function: The PMV is the basis of the PPD and the GTO.

lol = thermal resistance of the clothing [P - K /W]

o = convective heat ransfer coeflicient W/me-Kl 412 Predicted Percentage of Dissatisfied (PPD)
ol = ratio of clothed body -]

HLx = heatloss factors -] . . . S

TS = thermal sensation transformation coefficienf—] The PPD is an index that establishes a quantitative pre-

diction of the percentage of thermally dissatisfied peo-
The first step to determine PMV is the calculation @fle determined from PMV (see eq. 14 and fig. 4) [3].
the thermal resistance of the clothihgand the ratio
of clothed bodyf (see eq. 1 and 2).

PPD = 100— 95. g~0-03353PMV#-0.2179PMV?2 (14)
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The following source code shows the implementa-

4 2 . . .
{1 100 | PRY 10D <0kx g (- 000058 < EMY < 0,217 FME") tion of the GTO-Method in Modelica.
A ™~
< 60
Ea
~ 4
UOJD : \ / hour_step =floor (time/3600);
Tw 30 hour = time/3600;
a g 20 / day = hour/24;
82 when initial () then
5% startTime = time;
oa 10 Vi end when;
w, 8
Eo . \ / der(PMV_int) = PMV;
PMV_mean =noEvent(if time — startTime > 0then
4 PMV_int/(time — startTime) else PMV);
20 15 40 05 0 05 10 15 20 when sample(0. 3600) then
PREDICTED MEAN VOTE (PMV) PMV_int_step = PMV_int;
PMV_int_step_pre =pre(PMV_int_step);
PMV_mean_h =noEvent(if time — startTime > Othen
(PMV_int_step— PMV_int_step_pre)/(3600)else PMV_in);
H . H if abs(PMV_in) >= 0.5 then
Figure 4: Correlation between PMV and PPD GTO = pre(GTO) + PPD(PMV_in) /10;
else
GTO = pre(GTO);
end if;
4.1.3 Weighted Temperature Exceeding Hours end *rer
(GTO) Source Code 1: Modelica code of the Ghedel

The GTO-method which is based on the analytieal . . o i i
model is an annual characteristic number. The in [4] given annual limit of 150 will be consid-

In the GTO-method the hours during which the cafred in the analyses of the GTO. Fig. 5 describes the
culated or actual PMV exceeds the PMV-limit of +0.gorrelatlon between the hourly values of PMV’ PPD
are weighted proportional to the PPD. With this, atene}f'CI GTO. In '_[h's theoretlc_al case the PMV increase
perature that results in a PPD of 20% during 1 hoUPm -3 10 +3 in a time period of 60h. The grey area
will be weighted twice as severe as a temperature tmﬂthe graph shows a constant GTO value within the

results in 10% dissatisfied occupants [4]. When tﬁé\ﬂv limit from -0.5t0 +0.5.

PMV has a value of 0.5 (PPD=10) the weighting fac 4z, 18
toris 1.0, see tab. 1: T ----PPD —GTO
T a0n T + GTOhour —PMV i ;
[ PMV | PPD | Weighting factor | 8l . OE
0 5 0.0 ) + T
05 | 10 10 % 150 e 6 §
07 | 15 15 S s S
10 | 26 26 E - e g2
[a 8
Table 1: Correlation of PMV, PPD, and the GTC 150 1 3
weighting factor [4] 0 30 60

Time [h]
The GTO will be calculated every 3600 seconds, by

using the actual PMV value as the input. This is infigyre 5: Correlation of the hourly values of PMV,

plemented by using the Modelica sample function, SEPD, and GTO by an increasing PMV from -3 to +3
source code 1. The governing equations for the GTO

are described in eq. 15- 17.
PPDiour — 100— 95. g 003353PMv, —02179pmz,, 15y 4.2 Other Characteristic Numbers

The following characteristic numbers are defined

PPQ’]OU[ . - -
GTOﬂou,:{ T ‘;g: §W§8‘§ @e) in the standards and are implemented in the
' HumanComfort library, but will not be described in
eT0 87260 s ) this paper in detail.
= our
hour=1 e DR - Draught Rating [2]

e PD Due to Radiant Asymmetry [2]

PMViour = Predicted Mean Vote of current hour -]

PPDhwour = Predicted Percent. of Dissatisfied of curr. houj%| — PD Due to Cool Wall
GTOur = Weighted temperature of current hour -]

GTO = Weighted temperature Exceeding Hours ] — PD Due to Warm Wall
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— PD Due to Cool Ceiling North
— PD Due to Warm Ceiling

PD Due to Cool or Warm Floors [2]

PD Due to Vertical Air Temperature Difference [2]

ATG - Adaptive Temperature Limits [4]
e TO - Operative Temperature Limits [4]

e DAR - Limits on Temperature Drifts and Ramps [3]

5 Zones

The zones are separated into models for mobile a
stationary applications. The stationary applications are

single rooms or small buildings. The mobile applicd9ure 7: Schematic of the virtual heat pool imple-
tions will be automotive or aircraft cabins. Each appiDented in theRadiationExchangeApproximated
cation can be combined with the weather or Huma#odel

Comfort module (see fig. 6).

all surfaces and a reflection parameter. The reflection
parameter defines the mean number of internal reflec-
tions of all sun rays, before they leave the zone. The
source code 2 presents the implementation of the solar
HumanComfort reflection calculation.

‘Wizather

Q_total =sum(Q_out[i] for i in 1:12)

+ G_totalkabs_mean + Q_radiator;
SolarGain=G_totatabs_total;
abs_meansum(A_abs[i] for i in 1:12)/A_total;
emission_meansum(A_emi[i] for i in 1:12)/A_total;

factor[1]=1;
. . b i f =ab ! H
Figure 6: One room model with a connected weathef”*®'"'°"-"actorttizabs_meanactor (il
f i in 2:1:10 |
andHumanComfort model orfalt:tlonr[i]=min(n(1]a(:<?reflections—i+1,0) 1)

abs_factor[i]=(-sum(abs_factor[x] for x in 1:i—1))

' +« abs_meanfactor[i];
The main features of the zone models are: end for;

abs_totalsum(abs_factor);
Internal heat radiation between visible surfaces.| ' 122 loop
TheRadiationExchangeApproximated model con- Qout[i] = 0

else

siders the heat exchange due to heat radiation of jsur-, Q-cutlil =(emission{iksigmaali] «T[i]%4):
faces to each other. The external solar radieHjon Q_inli] = Q_total/A_totakA[i]«abs[i]/abs_mean;

. . L A_abs[i]=A[i]*abs[i];
through the windows and the internal heater radiation A-emiliJ=A(i] < emission(i};

will be considered as well. Therefore the heat emis-
sions of all surfaces, defined by their areas, tempe&murce Code 2: Modelica code of the solar refection.
tures and long wave emissions coefficients will be col-

lected in a virtual heat pool. The solar radiation, de- This virtual heat pool method is an approximation
fined by the short wave emission coefficient, and tloéthe exact calculation of the heat radiation exchange.
heater radiation are also collected in the virtual heka prove the HumanComfort approach, the model was
pool. The absorbed heat flows of the surfaces are dalidated against the EnergyPlus program, which uses
fined by their areas, temperatures and absorption tiee Hottel Grey Interchange Method. This method is
efficients. The schematic of the virtual heat pool a&n exact formulation of radiant heat transfer within an
shown in fig. 7. enclosure of grey diffuse surfaces [5].

The solar radiation reflection and back reflection on The validation shows that the surface and mean radi-
all surfaces will affect the final amount of the solar rant temperatures, calculated with th@nanComfort
diation into the virtual heat pool. The mean absorptidibrary, are within acceptable limits.
rate of a zone is calculated with the absorption ratio of With regard to an annual simulation of a complex

© The Modelica Association, 2009 407



Proceedings 7th Modelica Conference, Como, Italy, Sep. 20-22, 2009

building, the approximated radiation model of the

HumanComfort library provides a fast and sufficient o _ /Bp-2 W-H:pin-Nowoors 19)
method to determine the heat radiation exchange. pressie\ om- ¢ 2
Control volume with energy and mass balance. My = Mpressure— Mdensity (20)
The HumanComfort library provides two control vol-
umes. AControlVolumeAir model for the indoor air o _

M = Mpressuret Mdensity (21)

with heat and flow ports, using the Modelica_Media
moist air media model, and tldentrolVolumeWater

model for water flows in heating cycles, fitted to im- H —  height m
prove incompressible flows. w = weight (m]
g = gravity [(m/s?]
Ap = pressure difference [Pa
Multi-layer wall model.  The wall models considers Op = dens'%d'ﬂ?{ence [';g/gl
. . . = mean densi
the heat copductlon and convection qt t.he in- and Qut- ‘,\),";doors —  number of dgors H/ ]
side. The internal and external radiation absorption Ho = coefficient of airflow  []

as well as the internal heat radiation will be consid- coefficient of friction -]

ered. Every layer has a homogeneous mass to store

thermal energy. It is also possible to define the oriemir exchange between zone and ambient. Air ex-
tation of the wall to the sun. The wall model input is @hange of @one model and the ambient occurs due to
record which includes a parameter matrix. The paragariable indoor air pressure effected by internal tem-
eters define the conductivity, thermal capacity, deperature changes. This air exchange is inverse for-
sity, surface area, and thickness for every layer. Thfilated, by setting the pressure difference to zero.
HumanComfort library contains severals pre-designefhe corresponding mass flow will be calculated by the
wall records, ready to use. In addition, it is possible faodel. This results in an efficient code that signifi-

connect a heating system (e.g. floor heating) to a s§amtly reduces the computation time of an annual sim-
gle layer in the wall model via heat flow connectors.yjation.

Air exchange due to pressure and density differ- _ _ o

ences between adjacent rooms with doors or otherDynamic calculation of heat transfer coefficients
openings. TheWallFlowDensityPressure model ff)r indoor and OL_”dOOV surfaces. Three CaIQUIa'
defines the air exchange between two rooms. The mi@8 methods are implemented for the convective heat
flow rate depends on pressure and density differenf@@sfer. The first method describes the heat trans-

and the size of the opening (see fig. 8). The openif§j COefficient as a constant parameter. The sec-
size can be varied during the simulation to consid‘é’f‘d method calculates the heat transfer coefficient de-

realistic office building behavior. pending on the temperature difference and the surface
roughness. The third one defines the heat transfer co-
efficient depending on the temperature difference, the

(:.:T'_”;' T <& m, surface roughness, the wind speed, and the wind direc-
e =="] Be tion. The correlation of the second and third method
s, = B s are described in [1].
| :\ ]';]: _:‘"_r;.}_..

2 % Window models with pre-designed window prop-
Mdensiiy Mpressure erty records. TheWindow model considers two ef-
fects, the reflection of solar radiation and the thermal
Figure 8: Influence of pressure and density for air exenductivity. The total solar gain through windows is
change between two rooms [6] considered by parameters based on the fraction of so-
lar heat gain that passes through compared to either the
The governing equation for the resulting mass flocident solar radiation or the transmission of a refer-

rate are described as follows: ence glazing type. They are given as a decimal value
_ W A in the range 0-1. Th&umanComfort library use the
Maensity= - H2 - 1o~ /g~~~ -NCoors (18)  Solar Heat Gain Coefficient (SHGC) or the G-Value.
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Internal time table based heat source due to equip- The radiator model consists of a control volume, a
ment and light sources. The influence of the vari- pressure drop model, and a heat transfer model. The
able operating time of the equipment is an importaimput of the pressure drop model can be either a zeta
factor for the load and energy analyses calculationslue or &Ky value. Two different heat transfer models
The operating time can be set for every hour of a daye available and described in the following:

The following equation describes the implantation:

1. The heat flow is calculated by a heat transfer co-
efficient, the heat exchange surface, and the inbound
water and air temperature difference. The model is
discretized to increase the precission.

Qequipment: Qheat_source' ftime_table_equ ( )

heat flow due to equipment W]
total heat flow due to equipment W]
ratio of active equipment -]

Qheat_source
Qequipmem
ftime_table_equ

Q= k-A- (Twater* Tair) (26)
Internal time table based heat- and water vapour Q = radiator heat flow to the room [W]
= heat transfer coefficient W/m? K]
sources due to occupants. The heat and vapour A —  heat transfer area )
emission depends on the air temperature, the activity Twaer = water temperature K]
Tair = air temperature K]

level, and the presence of the occupants. The Internal-
Loads model generates heat flow and humidity flow2. Theradiator heat flow is calculated by an ap-
into the room. Eq. 23- 25 describe the correlation deroximating function, which uses a nominal character-
fined in [1]. istic of existent radiators. The input values for nominal
conditions at the operating point are defined by radia-
tor manufacturers. These values are available by using
pre-designed records for severals radiator types.

MET = met: Agkin

temperature splay factor

correction factor - type of connection
correction factor - type of cover
correction factor - atmospheric pressurg—

HumanComfort library includes simplified HVAC IZ
components defined by [8](e.g. pump and radiator)ff1
which are compatible with the Modelica_Fluid library. fs

Qmet_rate =  6.461927+0.946892 MET + 0.0000255737ME T2 . Qn
+7.139322 T,y — 0.0627909 Ty - MET my = (Tinn—Toutn) -CPr (27)
+0.0000589172Tir - MET2 —0.19855 T3, . ' N "
2. in,n +
+0.000940018Tair MEZT ) Avan = _nn outn *Tair.n (28)
—0.00000149532ME T2 T2, 2
(24)
ATmax= max((Tin — Tair) *ATouL,min) ,0) (29)
Qoccupant= Qmet rate * OCC* ftime table occ (25) L (T Toutn) - (T —Tar) 1
AT = min *Uinn — Toutn) - (fin — Tair) ﬁ.AT > 30
2 < Tinn — Tairn mT e (30)
met = spec. metabolic rate due to skin surfac@/V /n¥| T To—AT
MET = metabolic rate (W] ATy = max<% - Tair70> (31)
Askin = skin surface [P .
Qnmet rate = metabolic rate Wi £ ATy \ 7P (32)
Tair = indoor air temperature [°C] ! ATmn
Qoccupant = total heat prod. acc. to occupants (W] Po 075
occ = number of occupants -] fs = (@) (33)
ftime table occ =  ratio of present occupants -] o L.t
O 0
[7] defines the vapour emission of the occupants de-
pending on the air temperature and the activity as &n = nominal heat flow (W]
: M = nominal mass flow [ka/g
matrix, see tab. 2. Cpn = nominal thermal capacity [J/kg-K]
_ Tinn = nominal inbound water temperature  [°C]
[ Airtemperature [ °C [ 18 [ 20 [ 22 [ 23 [ 24 [ 25 | .., = nominal outbound water temperature [°C]
Myvapor (120W) | o/h | 35 35 40 50 60 60 Tairn = nominal air temperature [°C]
Myapor (190W) | g/h | 95 | 110 | 125 | 135 | 140 | 145 Q = heat flow (W]
Myapor (270 W) g/h | 165 | 185 | 215 | 225 | 230 | 240 m = mass flow kg/s
Ti = inbound water temperature [°C]
o ) Tout = outbound water temperature [°C]
Table 2: Vapor emission of occupants depending Or = air temperature ]
P - ATmn = mean nominal temperature difference [°C]
temperature and activity level defined by [7] AT —  maximal temperature difference C)
AToumin = minimal outlet temperature difference [°C]
L = radiator length [m]
. . Nexp = radiator exponent -
Simplified HVAC components. The £, = excess temperature factor [~
= [
= [
= [
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é port b_N L5, E port_b.C
J A_open ¢
Al
| |

A_open_E
port_a_E

A

e

SroundTemp

Figure 9: Diagram layer of the room model

Mean radiant temperature. Three different func- Fig. 9 shows a main model of the zone package, the
tions are implemented to calculate the mean radimabm model. It consists, amongst others, an air control
temperature of a cubical room with six sides. volume (1), a radiation exchange model (1), internal
heat and vapour sources (1), six multi-layer wall mod-
1. Themean_T_MRT function sets the mean surfacels (2), several heat and fluid connectors (3), a weather
temperature to the mean radiant temperature [1]. connector (4), and a human comfort adapter (5).

TvrT = "

6 Weather

2. Themean_T_to_A_MRT function calculates sur-

face weighted mean radiation temperatures [1].  he \eather package provides severals ambient con-

TRt = Zi:\f lTu @e) ditions by reading an external text file.
otai
e Ambient and temperature, pressure and humidity
Turr = Mean Radiant Temperature [°C] e Global, direct and diffuse radiation to a tiled surface
T = Temperature [°C
A = Area [°Cl e Azimuth (north based) and Zenith

3. ThedeltaT_max_MRT function calculates the e Sun position and radiation, depending on the location
mean radiation temperature depending on the mean
surface temperature and the temperature that has-}-he
highest difference to the mean valligaxqit. The

HumanComfort library use Tmaxdit @S an extreme an essential part of the library development is the ver-

value, because normally the surface that is next to {fieation and validation. The verification process of the
occupant would be used as the maximal value. anComfort models and functions was done in ac-

the model has no geometric data of the position of tRg,qance with the implemented standards.
occupant so the maximal possible value will be used. 5 comparative validation test was done by com-
TurT = Tmaxdif + Tmean 37) paring theHumanComfort library with the Energy-

2 Plus/DesignBuilder program [1], which is validated
according to ANSI/ASHRAE Standard 140-2004.

Verification and Validation
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Therefore a two room test model was establishe 4

. Qutside Dry-Bulb T X
(see fig. 10). Z DecigrBuider T_oporiy
30 h —HumanComfort T_operativ
Weather g ,W
[ V v
Bl TS
g il
g 10 AV 7
= 0 W V‘V
-10

T T
o o o
[e2)

o o

(>0 N~ ©

— [a\] ™
time [days]

Figure 12: Simulation results of the operative and out-
side temperature from th&umanComfort library and
DesignBuilder of the north room

Figure 10: Graphical representation of the Tab. 3 shows the mean values of the different tem-
HumanComfort test model for the validation peratures, the deviation to each other and the mean of

o _ the absolute deviations.
The rooms have an opening in the adjacent wall

to consider an air exchange. No heating system wagean value | HC [ DB [ dev. | abs.dev]
implemented to generate higher temperature diff gt [ ¢ | ¢ [ ¢ ] *C ]
|_indoor temperature 13.058 | 12.633 | 0.425 0.625
ences _between the rooms. .The rooms have ON€ OCCYferative temperature | 13.215 | 12.816 | 0.399 | 0.611
pant with a normal metabolic rate for office activitigSmean radiant temperaturg 13.372 | 13.000 | 0.372 [ 0.620
1met). The north room has two windows, one orien-
( ) Table 3: Selected temperatures of the north room
tated to the west and one to the east. The south room
has one window orientated to the south. The ambiem_l_he maximum deviations oceurs in the summer
condition are defined by the weather data, which refer-

ences to the city of Hamburg. The graphical represéjnu-rlng rapidly decreasing outside temperatures. The

. : A mean deviation of the operative temperature amounts
tation of the two room test model is shown in fig. 11. . -
9 to 0.399C with an absolute deviation of 0.61@. The

mean deviation of the indoor air temperature amounts
to 0.425C with a maximal deviation of 2°4 at 11th
t of June.
Fig. 13 depicts the relative humidity of the north
room during the course of the year. The occurring de-

I . viations can be explained by the fact that the relative

— humidity depends on the temperature.

[]

Figure 11: Graphical representation of the Desigi
Builder test model for the validation

e T
AN

20 — DesignBuilder

. . . — HumanComfort
As the operative, mean radiant, and the indoor ¢ 0 — — —

temperature were important factors for thermal con ° 2
fort, their simulation results will be discussed. Fig. 1. time [days]
shows the simulation results of the north room opera-

tive and outside temperature over a time period of ofrdggure 13: Simulation results of the relative humidity
year.

relative humidity [%]

90

360 -

270 -
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The resulting PMV of the north room is shown in Acknowledgement
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Figure 14: Simulation results of the PMV from
HumanComfort library and DesignBuilder of the north
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