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LindQST ICD Calculation methods and disclaimers

Using LindQST Indoor Climate Designer requires basic knowledge of ventilation technique.
Terms as throw length, velocity in the occupied zone, sound effect and sound pressure level
are used to describe the thermal comfort and acoustic indoor climate.
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Determining ventilation parameters

In LindQST ICD you must type in the parameters for the ventilation in the room. The
necessary ventilation rate must be determined. Most often this is done on basis of cooling or
heating needs or the need for outdoor air determined by the dilution equation from occupant
generated COs.

Heat balance
(’DVZQV',D'Cp'(Ts_Te)

®d, is the effect for cooling or heating (cooling will be shown with negative sign) [W]
gy is the air flow [m?/s]

p is the air density [kg/m?]

Cp is the specific heat capacity of air [J/(kg-K)]

Ts is the supply temperature [°C]

Te is the extract temperature [°C]

At normal air conditions (20°C og 101,3 kPa) the formula can be shortened to
D, =qy-1,2-(Ts —Te)

gv is the air flow [I/s]

Mixing ventilation
Applies to ceiling integrated diffusers, free hanging diffusers and active chilled beams.

Fully mixing in the room is assumed, which implies that the room temperature is equal to the
extract temperature (T, = Te). The three parameters (qv, Ts, Tr) always must be specified, the
required ®, can also be specified and will then be held up against the calculated ®,.

If activating CO calculations in Advanced Inputs, the max allowed CO; concentration can be
specified and from the dilution equation, you can evaluate if the specified qy is sufficient.

Displacement ventilation

By displacement ventilation cold air is supplied at floor level, which will give occasion for a
vertical temperature gradient in the room. The vertical temperature distribution depends on
many factors — placement, extent and convection flow of heat sources, room geometry and air
flow. The 50%-rule, which applies that 50% of the temperature increase from supply to
exhaust takes place at floor level, is a simple model. But laboratory tests at Lindab have
shown that the temperature gradient most often is larger in the lower part than in the upper
part of the room. LindQST ICD uses the following model to give a better prediction of the
temperature gradient in the occupied zone, which is defined as the temperature in 1.1 m — the
temperature in 0.1 m (T,-Ty).
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The assumption is, that the air temperature close to the floor (0.1 m) T; is the mean value of
room temperature T, (in 1.1 m) and the supply temperature Ts. Hereby follows that the
temperature increase between 0.1 m and 1.1 m (which is the temperature gradient in the
occupied zone Tg) can be determined as
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Combining the formula for temperature gradient in the occupied zone with the diagram, the
formula for the temperature efficiency and the general formula for the heat balance gives us
connection between the parameters (®y, qv, Tg) and the room temperature T,. Like for mixing,
the three parameters (qv, Ts, T) always must be specified, the required ®, can also be
specified and will then be held up against the calculated ®..

If activating CO- calculations in Advanced Inputs, the max allowed CO> concentration can be
specified and from the dilution equation, it is evaluated if the specified gy is sufficient.

COz2 dilution equation

c= (2—:1 (1 - e_%'T) + (co—¢)- e"%'f> 10 + ¢
c is the concentration of CO; in the room at the time t implying ideal mixing [ppm]
(ppm = cm3/m3)

gm is added amount of CO; (depending of activity level) [m®/h]

qv is the air flow [m®/h]

V is the volume of the room [m?]

T is the time [h]

Co is the start concentration (if set equal to c¢;, this part of the equation is zero) [ppm]
Ci is the concentration of COz in the supply air (outdoor air is normally 350-450) [ppm]

As default the added CO2 amount is calculated from number of persons and the metabolic
rate selection (see the chapter about Thermal comfort), but you can also manually type in CO-
per person.

CO, concentration initial 400 | ppm
CO5 concentration outdoor 400 | ppm
COo per person ] 2026 | Ih

Max. CO5 concentration ] 0 1200  ppm

For comparing the result with the Max CO; requirement, you can select the categorization from
B.3.1.3 Method 2 in EN 16798 or type in your own requirement.
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Velocity in the occupied zone

In the following chapter, different methods and equations are described for products used in
mixing ventilation and for products used in displacement ventilation.

Mixing ventilation air diffusers

Velocity in the occupied zone is calculated as the impulse velocity (from supply air throws and
the supply temperature compared to room temperature). It will always be dependent of the
placement/distribution of the thermal loads in the room.

Taking thermal upwards convection air flows into account requires very detailed information of
all thermal conditions in the room and advanced tools to solve comprehensive and
complicated equation systems (e.g. CFD). In LindQST ICD simpler formulas are used based
on air jet theory using flow elements and experience from laboratory tests. Therefore,
calculations must be considered as a realistic estimate of the maximal velocity in the occupied
zone, which is important to consider in the design phase of a ventilation project.

The occupied zone is defined in the Room setup tab with the following defaults for mixing
ventilation: height hoec = 1,8 m, height of wall obstacle Xocc = 0.0 m (floor level). The value in
Offset set from wall (default 0,6 m) is only a visual definition; this value will not affect the
calculation for mixing ventilation.

Air jet velocity

The air jet velocity vy of a diffuser decreases with the distance from the diffuser. The general
formula of the velocity decay for a free and wall jet is:
freejetvx=5—%-@-v0 Walljetvx=1’(a-@-v0
Ka is a diffuser constant, determined from diffuser specific data, e.g. throw length
Ao is the freearea of the diffuser [m?]
X is the distance from the diffuser [m]
Vo is the supply velocity [m/s]

When the diffuser is placed < 300 mm from the ceiling the formula for wall jet will be used.
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Diffusers with horizontal air pattern

The air jet velocity is calculated from the formulas of free and wall jet with the critical length lcit
is inserted instead of x. The critical length can be shown as a green/red indicator in the 3D-

view.

e T N BT ATeTE T et

lerie Will be determined as the minimum of following distances:

e Horizontal distance to the nearest wall + vertical distance to a
possible obstacle at the wall (obstacle at wall is as standard the

floor)

¢ Horizontal distance to the nearest air jet (weighted by local air flow % i

and corrected by a mixing factor) + vertical distance to the
occupied zone

e (When cooling) Penetration length + vertical distance to the

occupied zone

. . . K K,
Penetration length xn is determined as x,, = % - JAg [mM]
Ksa is determined from laboratory tests

Ar is Archimedes number defined as Ar = w
]

B and g is coefficient for thermal expansion [°C™] and gravity [m/s?] respectively
Te and Ts is extract and supply temperature respectively [°C]
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Wall diffusers: K
20—
When two or more diffusers with parallel t )
directed supply is placed with a mutual 1.8 \ A "
distance A, which is less than by, the throw is LN "
lengthened by 1.6 \\ \\40r more f by
3 N A
lo.2(corrected) = K - lp2 1,4 } N
%5, \\\ i bh
1.2 \\-f/'s‘@f \-.
’ SR
K is a correction factor, which can be read from the 10 ““"-~-..._\-__:\_E
diagram ’ 02 04 06 08 1 Ab,

Supply with cold air:

The velocity calculations are based on the above-described flow elements, and for ceiling
diffusers with horizontal dispersal pattern, Coanda effect is a prerequisite. Therefore, LindQST
ICD cannot be used for predicting “drop” from a diffuser, if air flow is low and temperature
difference is high. Free hanging diffusers with horizontal dispersal pattern has the same
restriction, although without a ceiling there cannot be Coanda effect, but it is a prerequisite for
the calculations, that the air flows always have horizontal dispersal (also if the dispersal
pattern goes upwards in reality).

For calculating penetration length, i.e. where the air current will detach from the ceiling (for
free hanging diffusers from a non-existing ceiling) and start going downwards against the
occupied zone, the calculations imply Archimedes no., but it is also a prerequisite that all heat
sources are evenly distributed over the whole floor area. l.e. in ICD it is not possible to
simulate the penetration length extended or shortened by local intense heat sources or local
heated surfaces, like a e.g. glass facade.

If “Include thermal velocity calculations” is
activated in Advanced Inputs / Calculation, then for
diffusers used in mixing, an additional empirical
thermal velocity will be calculated additionally.
Heat sources in the room generate convection air
flows, which intensifies the drop effect of the cold

[
A
il
7

~~ Convection
7.

o b }_//4 i/ jvelocity
supply air. These thermal conditioned downwards 1 / ‘ 7,
air flows cause a draught risk separately from the ° o .\
velocity of the supply air jet.  Thermal velocity Ve, Heat Source

This velocity is called "thermal velocity” to avoid confusion between the concept of convection
velocity, which normally is perceived as the up going flow above heat sources. The thermal
velocity is determined from an empirical model with the heat load [W/m?], number of diffusers
[Widiffuser], air pattern (1-, 2-, 3-, 4-way, rotation etc.), and the height of the room.
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Height = 2,5 Height > 4 m:
Heat load
[Widiffuser]
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If thermal velocity has a higher value than the air jet velocity, then the thermal velocity is
shown as the result.

Supply with heated air at ceiling height:

For diffusers with horizontal air pattern, in ICD there is no implementation of the impact when
supplying with heated air. The air jet velocity calculations will be calculated as if it was
isothermal conditions. Supplying with heated air means that the air current has buoyancy, and
the practical impact is that the supply air will rise upwards against the ceiling, if the diffuser is
not already integrated in the ceiling. The heated supply air can enter the occupied zone when
it is fully mixed with the room air, if colliding with another air jet, or the most likely; “climb” down
a surface, especially if the surface is cold, e.g. an outdoor window.

The ICD velocity calculations for now have its focus on showing potential draft risk, and that is
rarely an issue for heated supply air. Therefore, ICD is not yet suitable for assessing whether
the supply air reaches the occupied zone or not during heated air supply with horizontal air
pattern.

Diffusers with vertical air pattern

Some supply air diffusers can be set to a vertical distribution pattern. That is mainly a function
used for spaces where people stay for a short time, typically with low thermal comfort
requirements, e.g. in shops, corridors etc. And it is often spaces which has its heating from
supply air, although part of the year maybe also with cooling.

The air jet velocity is calculated by a variant of the formula for a free air jet

\/A_ 2\ 1/3
. _ ﬁ 0 _ Ar y — ﬁ
Hot jet vy, = vy 22 <1 P ( J_To) > » Ym = Kiypew [Ao7,

=P, =X
0 V2 y Ktype,vz'

\1/3
Cold or isothermal jet v,, Zo ‘/A_0<1 + A—r,( (L) ) , Ym =H

Ar is Archimedes number defined as Ar = g—'ﬁ"/A_;’;'Te_TS'
0

Kiype IS @ type constant, which is determined from turning point data
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y is the vertical distance from the diffuser to the occupied zone [m]
ym is the distance to where the air jet turns/stops [m]
H is the distance from diffuser to floor

The resulting velocity in the occupied zone is only determined from the air jet velocity.

Mixing ventilation Active Chilled Beams (ACB) and linear diffusers

Where supply air diffusers can be considered as point sources of air, ACBs and linear
diffusers are line sources of air. So, in ICD they have a different calculation method for velocity
in the occupied zone based on the cooling capacity of the air.

As ACBs and linear diffusers can have quite different air flows on each outlet side, the
velocities are calculated from the local cooling effect from each side of the ACB / linear
diffuser. On an ACB there are more possibilities regarding the air distribution, e.g. distribution
profile, AirGuide as well as JetCone setpoints, which distributes the air from 4 fix points in
each corner of the ACB.

— > = Premum [-60-12-125-A1-2.4-60-24
B > 8 2 4 PEVIv | =
Type 1-60 v
‘/// [\\\ Air connection 1x125 v mm
/’/ | -
/./ 1 P Product length 1 24 v, m
// \\\ . -
7 : Primary airflow rate Qa 24 | Us
& ] Static nozzle pressure 10SS Apggat 60 Pa
AirGuide No v
Distribution profile 30° v
Distance from ceiling 0 m
Description

JetCone setpoint's

6
Unlock two positions
to adjust their values
Values can be .
between 0 and 9. / 1
24.001s
019 mis Cooling ¥
16-18 dB(A)
Water inlet temperature ; 15 o

Penetration length and vertical velocity

The penetration length, where the air currents detach from the ceiling and start going
downwards against the occupied zone, is calculated by

4/3
_ KSP ) KZ% ) qmix/m
Xip = AT?2/3 . hO

Ksp is determined from laboratory tests
Ky is a diffuser constant for a plane air jet, determined from diffuser specific data
Qmixm iS the (mixed) air flow per outlet length [m?®/s]
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AT is the temperature difference between room temperature and the mixed air

temperature [K]
ho is the outlet opening height

Xip is calculated for each flow point and the minimum and maximum value is presented:

a2 o 82 4 PEVv | =

X
[ 019 mis |
16-18 dB(A)

Total Capacity

Pressure loss water in product

Water capacity / active length

Mixed air temperature

Face velocity

Total air pressure loss in duct

Sound power level

Sound pressure level

Penetration length, horizontal (min)

Penetration length, horizontal (max)

Added pressure loss in connection

Primary airflow rate / active length

Induction ratio

Induction air volume

Mixed air volume

P
Apwp
pwyact

tam

Apy
Lwa
Lpa
Xip, min
Xip. max
Apa
Ga/lact
Gai/Ga
Qai

Qam

920

6.7

342

19.6

20

61

22

<20

0.8

1.4

49

117

141

kPa

Wim

Pa

dB(A)

dB(A)

Pa

I/'s/m

I’s

Vs

From each penetration length perimeter, a fall line length of the air current is determined, and
a downwards vertical velocity against the occupied zone is calculated from the local cooling

capacity per fall line length.

Cooling from intersecting fall lines from more ACBs / linear diffusers increases the velocity

significantly.

10
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& ' % 2 ,. oeviw || = Total Capacity P 920 W
Pressure loss water in product Apwp 6.7 | kPa
Water capacity / active length PWjLact 342  Wim
Mixed air temperature tam 196 | °C
Face velocity v 20  mis
Total air pressure loss in duct Apy 61 | Pa
Sound power level Lwa 22 | dB(A)
Sound pressure level Lpa <20 dB(A)
Penetration length, horizontal (min)  Xip, min 08 m
Penetration length, horizontal (max) Xip, max 21 m
Added pressure loss in connection Apa 1| Pa
Primary airflow rate / active length Qal/lact 11.4 | lUs/m

Induction ratio i 49
24.00 I's faa
0.27 m/s Induction air volume Qai 7 | s
18-19 dB(A]
Mixed air volume

Qam 141 s

However, for ACBs with JetCones you can adjust the air distribution more optimally, keeping
the cooling capacity.

Total Capacity P 920 w
Ae@Es oo

Pressure loss water in product Apwp 6.7  kPa
Water capacity / active length Py act 342  Wim
Mixed air temperature tam 19.6 o
Face velocity v 20 ms
[10n | . 7 ,‘ Total air pressure loss in duct Apy 61 Pa
Sound power level Lwa 22 dB(A)
Sound pressure level Lpa <20 dB(A)
Penetration length, horizontal (min)  Xip min 11 m
Penetration length, horizontal (max) Xip, max 18 m
Added pressure loss in connection Apa 1 Pa
Primary airflow rate / active length Qallact 11.4  lUs/m
Induction ratio Qai/Qa 4.9
Induction air volume Qai 17 s
Mixed air volume Qam 141 | Us

As cooling is the base for the velocity calculations, this calculation method cannot be used for
isothermal (and nearby isothermal situations), as that will underestimate the velocities.

Activating “Include thermal velocity calculations” in Advanced Inputs / Calculation does not
apply to ACBs and linear diffusers.

11
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Displacement ventilation

The occupied zone (comfort zone) is defined in with the following default settings for
displacement: distance from diffuser Xocc = 1.5 m and max velocity requirement of 0.2 m/s.

: Comfort x...
x | y40) 11 - U I N
] occ _ — - _ — I
! / h / ™ ' Comfort
] | Comfort F 0 C o) |
| Zzone \ / \ / | zone
| N7 N7 |
I XDCC XOCC I
| A A |
| |
I X
] I ] ‘occ
XOCC I XDCC r _______
f—r ) ,
] : Comfort ] : Comfort
| zone | zone
' [
' |
' |
| |

Air jet velocity

The direct velocity caused by the single diffuser is determined as

q
Uya = KDr,a ’
occ,a

the index a indicates the angle according to the centreline of the diffuser (symmetry axis)

g is the flow of the diffuser [m3/s]

Xocc 0. 1S the distance between diffuser and occupied zone in the angle a, where the
Xocc

cos(a)

Kor,q is a velocity decay coefficient depending on diffuser specific data (near zone) and

Arp
Arp is Archimedes number defined as Ar = W
0

B and g is coefficient for thermal expansion [°C™] and gravity [m/s?] respectively
h is the height of the diffuser [m]
T and Ts is room and supply temperature respectively [°C]

velocity is highest [*] x,¢cq =

Lindab displacement diffusers (COMDIF) can be adjusted to both small diffusion (radial) and
large diffusion (semi radial, where the supplied flow is largest in directions parallel to the wall
and less in forward direction). At large diffusion will the velocity typically be highest in an angle
of a = 45°.
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Floor velocity

When more diffusers are placed at the same wall or around corner at two adjacent walls there
is a risk of velocities at the floor in the occupied zone, which are higher than the air jet velocity
from the single diffuser, where the air jet enters the occupied zone. When calculating this floor
velocity, the programme distinguishes between if the diffusers are placed at the same wall or if
they are placed around a corner.

Diffusers placed at the same wall

The air flow from closely placed (but evenly distributed) diffusers will at some distance run
together to a plane flow regardless of the air pattern from the single diffusers is plane, radial or

different shaped.
|
|
X |
] occ
] : Comfort
| zone
|
] |
|
|

The velocity in this linear front is only dependent of the air flow per m wall and the temperature
difference between room and supply but not of the supply velocity of the diffusers.

q
Vpioor = ki - log (F5%) + (ky - In(T, = T,) = k3)

ki, k2 0g ks are constants

Jutal iS the total air flow for all diffusers [m3/h]

L is the length of the wall, which the diffusers are placed at [m]
T and Ts is room and supply temperature respectively [°C]

Vfloor [m/s] Tr' Ts
057 6 K
"
T ~-5K
/// -4 K
04t — 3K
-2K
0.3 —
' 1K
1"
0.2 r
0.1 /
0.0 - L | | | | | | | ]
100 200 300 400 500 600 700 1000

Grotar PY M wall [M/(hm)]
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Diffusers placed around a corner

The max floor velocity in the occupied zone is dependent of the number of diffusers and how
they are placed, as diffusers placed close to each other can give occasion for jets between
diffusers and thereby relative high velocities in the occupied zone.

Comfort
zone

The velocity is calculated by

dtotal
Vfloor = Kpw - ( w )

Kow is a coefficient dependent of @

total
Qrotal is the total air flow for all diffusers [m?3/s]
w is a characteristic (geometrical) unit, which is calculated from the length of a wall and the
distance from the corner to the most distant diffusers
Trand Ts is room and supply temperature respectively [°C]
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Sound calculations

In Lindab sound diagrams and diffuser data the A-weighted sound power level Lwa is
specified. It is specified for a diffuser and the plenum box (if any) connected with 1 m straight
duct the same size as the diffuser. Sound pressure level is a measure for the intensity of the
sound, that is the pressure vibrations we perceive, while sound power level is a parameter,
which characterizes the sound source. Both things are normally specified in the unit dB
(decibel), which can cause confusion.

Sound power (Lw)

Is the power a sound source (e.g. a machine) sends out in the shape of sound.
The sound power is measured in Watt (W) and is most often specified as sound
power level in decibel (dB) or dB(A).

Sound pressure (L)

Is a measure for the intensity of the sound, characterized by the pressure
vibrations perceived by the ear or measured with a microphone on a sound level
meter. Sound pressure is measured in Pascal (Pa) and is most often specified as
sound pressure level in decibel (dB) or dB(A).

The sound property of a diffuser is specified as sound power.

Sound power Ly, =10 - log (Nl) [dB]
N is the actual sound power [W], which is send in the shape of pressure vibrations
Ne=10"12 W is the reference sound power

Sound pressure L, = 20 - log (pi) [dB]

p is the actual sound pressure [N/m?]
pre=2x10° N/m? is the reference sound pressure

The room attenuation D [dB] is the difference between sound power level and sound pressure
level

When the diffusers are placed in the room the sound pressure level is calculated in numerous
points in the plane = height of the occupied zone. In each point the placement in the room of
every diffuser is considered.

The sound pressure level from diffusers in one point is calculated by

_ . @ 4 ) 9 .2
Lppr = (LW,dl + 10 - log (4%1;1_(11 + A)) @ (LW,dZ + 10 - log (4_1”;1_‘12 + A)) @ ...

Q is the direction factor, which is dependent of the placement of the diffuser. In most
cases it is assumed to be 2 (placed by ceiling)
n is the number of diffusers

A is the room absorption A = 0,16 TK

N

V is the volume of the room [m?]
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Ts is the reverberation time of the room [s]
Lw,a1 and Lw.q2 is the sound power from each diffuser respectively
rp1-d1 and rp1q2 is the distance from the point to the diffuser

L L
@ is logarithmic addition determined by: L1 ® L, = 10 - log (105 + 10ﬁ>

LCP-315+MBV-200-315

Air volume: 160 l/s
Duct connection size: 200 mm
Face velocity: 4.7 m/s
Sound power level: 40 dB(A)

Sound level

B 20
<32dB 35dB >38dB

16
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Thermal comfort

In LindQST ICD we have implemented calculations for thermal comfort parameters. If
activating thermal comfort calculations in Advanced inputs, you will get results for local thermal
discomfort factor DR (Draught Rate), but also the predictions for a thermal sensation for the
body as a whole; PMV (Predicted Mean Vote) and PPD (Predicted Percentage Dissatisfied).
Calculation of Top (Operative temperature) is also included.

Input parameters for the calculations

In addition to the basic ICD inputs, like ventilation rate (supply air flow) and room size
(volume), additional input parameters are necessary. It is thermal comfort factors, which can
be grouped into two categories.

Personal factors — characteristics of the occupants: Clothing level and Metabolic rate

Environmental factors — conditions of the thermal environment: Relative air velocity, turbulence
intensity, relative humidity, air temperature and mean radiant temperature.

Categorization EN 16793 I W
Clothing T} 0 1 clo
Metabolic rate  emmg) O 12 met
Relative air velocity ] 0.21  mis
Relative humidity a0 Y%
Turbulence intensity (] 30 | %
Air temperature ] 24 | °C
Mean radiant temperature || 24 | °C

The categorizations from the EN 16798 standard Annex B (Default criteria for the indoor
environment) are used as requirements for comparison with the results. Each input parameter
has either an info box or a helping text for suitable values, which appears at mouseover. For
parameters with a tick mark selection, you can either use the defaults or manually type in the
desired value.

Calculation results

The thermal comfort results are presented like this:
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Comfort
Velocity in occupied zone Vi 0.2 0.21 m/s
CO5 concentration after 2h 1200 882  ppm

Air velocity value used in comfort calculations: | 0.21 | mi/s

Draught rate = 20 15.78 %
PV 0.5 =<PMY <+0.5 0.38

PPD <10 803 %
Operative temperature 2400 °C

PMV (Predicted Mean Vote)

The Predicted Mean Vote (PMV) model stands among the most recognized thermal comfort
models. The model is using heat-balance equations and empirical studies about skin
temperature to define comfort. Standard thermal comfort surveys ask subjects about their
thermal sensation on a seven-point scale from cold (-3) to hot (+3).

+3 | Hot

+2 | Warm

+1 | Slightly warm
0 | Neutral

-1 | Slightly cool
-2 | Cool

-3 | Cold

Equations are used to calculate the predicted mean vote (PMV) of a group of subjects for a
particular combination of air temperature, mean radiant temperature, relative humidity, air
velocity, metabolic rate, and clothing insulation. PMV equal to zero is representing thermal
neutrality, and the comfort zone is defined by the combinations of the six parameters for which
the PMV is within the recommended limits (-0.5 < PMV < +0.5).

The equations for calculating PMV are found in EN/ISO 7730 Chapter 4.
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Calculate the PMY using Equations (1) to (4):
PMV =[ 0,303 - exp|-0.036- ) + 0,028

_(M—F]—E.ﬂﬁ-m“a 5 ?33—6.9‘9-{M—IF'I—pa]—t}."fz-[{ﬂ—ﬂ"l—ﬁﬂﬂﬁ]

!-1.?-|u'5-mr-[5 867 - py ) —0,0014 M (34 -15) . (1)
l-a,aﬂ-m'ﬂ S -[{;rc,+ 273)® - (F, +2?3:4]—fn,-&¢ (=5 j
ty =35.7-0,028 (M —F)-1I, -{3.95-13‘3 Ty -[[rm +273)* -grr-z?a]“]+fd g -(fy 15 }} 2
B [2'33 ra—ta] " for 238y -5 2120 iy (3)
‘ ]_12'1'ﬂ|||"ar for 2,38 rg -t " <121 iy
1,00=1,2007 forl, < 0.078 m= KW

) 11.05-0.1345;@. for Iy > 0,078 m™> - KW
where
M is the metabolic rate, in watts per square metre (W/m2);
W is the effective mechanical power, in watts per sguare metre (W/im3);
Iy is the clothing insulation, in square metres kelvin per watt (m2 . KA
Joy  is the clething surface area factor,
1y is the air temperature, in degrees Celsius (°C);
I is the mean radiant temperature, in degrees Celsius (*C};
vy is the relative air velocity, in metres per second (my's);
Pz is the water vapour partial pressure, in pascals (Pa);
ke is the convective heat transfer coefficient, in watts per square metre kelvin [AIm= - K
Iy is the clothing surface temperature, in degrees Celsius (°C).

NOTE 1 metabolic unit = 1 met = 58,2 Wim?; 1 clothing unit= 1 clo = 0,185 m< - *CW.

PPD (Predicted Percentage Dissatisfied)

Although predicting the thermal sensation of a population is an important step in determining
what conditions are comfortable, it is more useful to consider whether people will be satisfied.
Therefore, another equation exists to relate the PMV to the Predicted Percentage of
Dissatisfied (PPD).

The equation or PPD is found in EN/ISO 7730 Chapter 5.

PPD = 100 — 95 - (—0,03353-PMV*-0,2179-PMV?)
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PPD
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30 -

Key
PMV predicted mean vote
PPD predicted percentage dissatisfied, %

Note that even when PMV is 0 = neutral, PPD will never be lower than 5%.

DR (Draught Rate) — local thermal discomfort

Where the PMV and PPD calculations express comfort/discomfort for the whole body, thermal
dissatisfaction can also be caused by unwanted cooling or heating of one particular body part.
This is known as local discomfort, and a common cause of local discomfort is draught. Other
local discomfort factors: vertical air temperature difference, warm and cool floors and radiant
asymmetry are not a part of LindQST ICD.

The equation for DR is found in EN/ISO 7730 chapter 6.

The dizcomfort due to draught may be expressad as the percentage of people predicted to be bothered by
draught. Calculate the draught rate (DR) using Equation (6} (model of draught):

DR=(34-15){vai- D,u.s_jw (0,37 -va) - Tu +3,14:| (B)

For v;; < 0,05 mfs: use v,; =0,05mis

For DR =100 %:  use DR =100%
where

ty) s the local air temperature, in degrees Celsius, 20 °C to 26 °C;

vz Iz the local mean air velocity, in metres per second, < 0,5 mvs;

T is the local turbulence intensity, in percent, 10 % to 60 % (if unknown, 40 % may be used).
The model applies to people at light, mainly sedentary activity with a thermal sensation for the whole body
close to neutral and for prediction of draught at the neck. At the level of arms and fest, the model could
overestimate the predicted draught rate. The sensation of draught is lower at activities higher than sedentary

{= 1,2 met) and for people feeling warmer than neutral. Addifional information on the effect of air velocity can
be found in Annex G.
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Operative temperature to

The definition, measurement and calculation of operative temperature is described in EN ISO
7726 standard Annex G.

Defined as a uniform temperature of an imaginary black enclosure in which an occupant would
exchange the same amount of heat by radiation plus convection as in the actual non-uniform
environment.

The calculation of the operative temperature in ICD is based on air temperature, mean radiant
temperature and air velocity.

te VIO +t,
14101,

ta is the air temperature [°C]
Va is the air velocity; either the occupied zone result or manually typed in [m/s]
tr is the mean radiant temperature [°C]



