TECHNICKA UNIVERZITA V LIBERCI

2
Z—
\\

/
W
N

7IN
~ /II\\ NS

\
I
7/

7)

l

N
~~
=

Nové moznosti rozvoje vzdélavani na Technické univerzité v Liberci

Specificky cil A2: Rozvoj v oblasti distanéni vvuky, online vvuky a blended learning

NPO TUL MSMT-16598/2022

Smart odevy

Zdenck Kus

Financovano ) | .’ " Nirodni ~
Evropskou unii » L) pLa'n K%I
NextGenerationEU Vv obnewy MINISTERST



SOD

Uvod do komfortu




horka sucha oblast

dychani

mikroklima

tepelny odpor textilnich vrstev

vrstveni textilnich vrstev

konvekce

e studena oblast
salani

stfedni oblast



Teplota



Teplota x Teplo—-Cotoje ?

* Co se s teplotou meéni?
* Objem kapaliny, rozméry predmeétu, ...

* Teplo ....



Teplota

Teplota je fyzikalni veli¢ina popisujici stav
systému, stavova veliCina

Mira kinetické energie pohybujicich se molekul

Kmitaji okolo rovnovazné polohy, miizka



Historie

» Filon Byzantsky (3. az 2. stoleti BC) — vzduchovy termoskop
e Starovék — Héron Alexandrijsky

— Héronova banka — jednoduchy parni reaktivni stroj

e Galileo Galiler — banka, trubice. Ohfevem vzduchu v bance se meénila
vyska sloupce kapaliny v trubici



Teplotni stupnice

~obvykle dva referencni body

Fahrenheit - 1724

0 °F - sm¢s chloridu amonného, vody a ledu
98 °F - teplota lidského téla

Pozdgji
32 °F - bod mrazu vody

212 °F bod varu vody
Prepocet

c=g¢F—m;

F=§~U—32



Teplotni stupnice
R.A. Réamur

A.Celsius - 1742

100 °C — teplota tani ledu
0 °C - teplota varu vody

Pozd¢;ji se stupnice otocila ( Carl Linne¢)
0 °C - teplota tani ledu
100 °C - teplota varu vody
Prepocet



Teplotni stupnice

Kelvin — jednotka SI, William Thompson, lord Kelvin

273,16 °C — teplota trojného bodu vody pii 613 Pa
0 °C - absolutni nula

K/K = C/°C + 273,15

C/°C=K/K - 273,15

Krom¢ toho jsou dalsi stupnice
Rankinova (pocatek jako Kelvin, 180 °R = 100K)
Réamurova (100 °C = 80 °Re)

Barevna teplota svétla



VIhkost



Daltonuv zakon, stavova rovnice

Celkovy tlak smési plynl je dan souctem parcialnich tlaki jejich
slozek
p = Xpi

pV=nRT



Vlhkost , vlhky vzduch

VIhkost

Absolutni - Hmotnost vodni pary v objemu 1 m? [kg/m3] (hustota
vodni pary py)

Relativni - mira nasyceni vzduchu. ¢ = 100 % znamena nasyceny
vzduch

Vl1hky vzduch

nenasyceny (parcidlni tlak vodnich par ve vzduchu je
mensi tlak sytych par pt1 téze teploté py < py”
nasyceny p, = py"

presyceny (nasyceny vzduch, ktery obsahuje jesté dalsi
vodu v kapalném nebo tuhém skupenstvi)



Syta para

Para, ktera je v termodynamické rovnovaze se svou kapalnou fazi.
Jeji tlak je urcen pouze teplotou.
ZmenSuje-li se objem pii stale teploté a tlaku, para kondenzuje.

Pt1 zvétSovani objemu se kapalna faze vypatuje, az zbude jen syta
para.

Pti dalSim zvétSovani objemu neni jiz kapalinou nasycena a stava
se z ni para piehiata



Rosny bod

Teplota rosného bodu je teplota, pi1 které je vzduch nasycen.
Pt1 dalSim ochlazovani za¢ina vodni para kondenzovat.

V h-x diagramu se teplota rosného bodu pro dany stav vzduchu
odecte na pruseciku kiivky nasyceni a ¢ary mérne vlhkosti,
odpovidajici danému stavu vzduchu.



Molliertv diagram

Molicre

(vlastnim jménem Jean-
Baptiste Poquelin) (1622-
1673)

francouzsky herec, spisovatel

a dramatik

Obr.: wikipedia



Molliertv diagram

Richard Mollier
(1863-1935)

Obr.: wikipedia



Molliertiv diagram

h-x diagram vlhkého vzduchu
101,32 kPa

g 10 11 12 13 14

mérné (absolutni) vlhkost [g/kg]
45 16 17 18 19 20

nivihkost [%] &

relativ

tlak péry [kPa]

Zakladni osy diagramu (vyneseny
pod tthlem 135°).

* entalpie h [kJ/kga]

* mérna vlhkost X [g/Kga]

dalsi osy se dopocitavaji:
» teplotat[°C]

* relativni vlhkost @][-]
* hustota vlhkého vzduchu [kg/m?]

h-x diagram

Obr.: https://www.filco.cz/



Entropie

Entropie je jednim ze zakladnich a nejdilezitéjsSich pojmu
ve fyzice
,,mira neusporadanosti* zkouman¢ho systemu

,,miry neurcitosti systému.

priwneil . | Termodynamicky systém s nizkou entropii
wtn o) fase Termodynamicky systém s vysokou entropii

Odkaz napt. cs.wikipedia.org



Entalpie
Entalpie (diive tepelny obsah) Je fyzikalni veliCina

oznaCovana pismenem udavana v , ktera
vyjadiuje energii uloZzenou v

Jeji absolutni hodnotu nelze zméiit, stanovuje se
jen zména entalpie

Odkaz napft. cs.wikipedia.org


https://cs.wikipedia.org/wiki/Joule
https://cs.wikipedia.org/wiki/Termodynamick%C3%BD_syst%C3%A9m

Mollierav diaaram
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h-x diagram vlhkého vzduchu

) 101.32 kPa mérnd (absolutni) vihkost [g/kg]
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tlak péry [kPa]

Obr.: https://www.filco.cz/



Pridame vodu??

Teplota

M()llierlolv dla(] ram - Absolutni vlhkost

&

h-x diagram

vihkého vzducqu

tlak péry [kPa]

&rné (absolutni) vihkost [g/kg]
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Relativni vlhkost

Teplota

Obr.: https://www.filco.cz/



Piddme vodu?? Mollierav diadaram - Absolutni vihkost

h-x diagram vlhkého vzducqu /
§ ‘ 101,32 kPa — c::nuf:bs?lutn?’vlh:(:st Eg/kga])

5 6 7 8 8 10
00000 A e

Relativni vlhkost

Teplota

Teplota

tlak péry [kPa]

Obr.: https://www.filco.cz/



Zm¢éna teploty ??

M()llierlolv dla(] ram - Absolutni vlhkost

h-x diagram vlhkého vzduchu
@Q‘ 101,32 kPa mérnd (absolutni) vihkost [g/kg]

177 18 19 20
1 12 13 14 15 18

6 7 8 9 10 1

o 1 2 3 4 8

N}P/‘ »
® 5 '
_§5°> r"“ #1e, .,
* s Pl Relativni vlhkost
; o] E
Teplota — 2
351 & o
Teplota
‘j

tlak péry [kPa]

Obr.: https://www.filco.cz/



Zména teploty ?? Mollierﬁv d |a(] ram - Absolutni vlhkost

h-x diagram vlhkého vzduchu

& mérnd (absolutni) vihkost [g/kg]
‘ 101,32 kPa 42 13 14 15 16 17 18 19 20

Bk

Relativni vlhkost

Teplota —

Teplota

9 tlak péry [kPa]

Obr.: https://www.filco.cz/



A co takhle energie ?? Mollierﬁv d ia(] Fam - Absolutni vlhkost

h-x diagram vlhkého vzduchu

@ mérnd (absolutni) vihkost [g/kg]
“ 01011,322kapa4 s 6 7 8 § 0 Ay 92 43 7 45 19 7. 18 19 20
Bk
x‘ﬁ/ e 3 552 S
{
®| 55 Y
i) [
EES
%— ‘," o £ . )4
R =) «— Relativni vlhkost
j oo 2
o 3
] wd
Teplota — s i
] ‘
o N RIS IS i § <
NS
'19:
— Teplota
]
|
N

tlak péry [kPa]

Obr.: https://www.filco.cz/
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Obr.: https://www.filco.cz/



Ohrev vzduchu

* Nedochazi ke zméné mnozstvi vody ve vzduchu (x = konstantni).
* ZmenSuje se relativni vlhkost
 Je nutno dodat energii Ah [kJ/kg].

Obr.: https://www.filco.cz/



Tdp

Teplota rosného bodu

Obr.: https://www.filco.cz/



Moznostt méreni vlihkosti

méfenim teploty rosného bodu (ochlazované zrcatko s optickym
snimacem)

mérenim relativni vlhkosti na zakladé zmény vlastnosti latek (ov¢i
stfivko, vlas, kapacitni Cidla, elektricka vodivost)

zachycenim vlhkosti z dané¢ho objemu vzduchu

psychrometrem (teplota suchého t, a mokrého teploméru ty ;)



Psychrometr




Psychrometr

Dva teplomery

Suchy x mokry (navlhceny,
puncoska)

Aspiracni psychrometr — Kolem
vihkeho teplomeér proudi vzduch

Rozdil teplot — psychrometrickad
diference - tabulky




Hygrometr viasovy

hygrometr 115.1

vias




Psychrometricky diagram

7@0 7. Y0

e %

0.030

Psychrometric Chart

Sl (metric) units
Barometric Pressure 101.325 kPa (Sea level)
based on data from
Carrier Corporation Cat. No. 794-001, dated 1975
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Odkaz napt. cs.wikipedia.org



Psychrometricky diagram
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Kde hledat napf.:
Mokry teplomér 13°C
Suchy teplomér 21°C

0.030

Psychrometric Chart

Sl (metric) units
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Odkaz napt. cs.wikipedia.org



Psychrometricky diagram
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Odkaz napt. cs.wikipedia.org



Kde hledat napf.:
Mokry teplomér 30°C
Suchy teplomér 25°C

Psychrometric Chart
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Odkaz napt. cs.wikipedia.org



Kdy se citime komfortné?

Takoveé podminky, ....
1SO 7730

Tepelna rovnovaha
Psychologicky pocit komfortu

Odkaz napf. cs.wikipedia.org



Kdy se citime komfortné?

Thermal Comfort Variables

Thermal Sensation

3 -1 hot

2 —+ warm

1 4 slightly warm
M?D P I(]c[)cler:]rijlrtabIe]
Comfort -1 4 slightly cool

-2  cool

-3 Ao cold

(7-Point ASHRAE Scale)

= 100

Percentage Dissatisfied [°

80

60

Percentage of Dissatisfied

Thermal Sensation

TS may also be the mean vote for a group of individuals

London Loughborough Centre for doctoral research



Kdy se citime komfortng?

Heat Balance of the Human Body

Metabolic heat
production

London Loughborough Centre for doctoral research



Kdy se citime komfortné¢? Rovnovaha ?
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London Loughborough Centre for doctoral research



Kdy se citime komfortné?

Okolni podminky
Teplota vzduchu
Radiacni teplota povrchu
Rychlost vzduchu
Relativni vlhkost vzduchu

Clovek
Fyzicka aktivita
Odév, 1zola¢ni vlastnosti odévu

London Loughborough Centre for doctoral research



Kdy se citime komfortné?

clo ---cotoje?

Jednotka, ktera vyjadiuje tepelnou 1zolaci
odévu

1 clo=0.155m2 °C/W
Pansky oblek =1 clo
Plavky cca 0,15 clo
Kabat cca 1.2 clo

London Loughborough Centre for doctoral research



Ensemble lcl
(clo)

Briefs; knit, short-sleeve sport shirt; walking shorts and belt;, 04
calf-length socks; hard-soled shoes

Briefs, broadcloth, long-sleeve shirt, long fitted trousersand 0.6
belt, calf-length socks, hard-soled shoes

Panties; half-slip; broadcloth, long-sleeve blouse; single- 1.0
breasted suit jacket, A-line, knee-length skirt, pantyhose,
thongs/sandals

Briefs, t-shirt; broadcloth, long-sleeve shirt, long-sleeved, 1.0
round-neck sweater; thick, straight, long, loose trousers
and belt; calf-length socks; hard-soled shoes

Flannel, long-sleeve, long nightgown; thick, long-sleeve, 1.7
wrap, long robe; slippers

London Loughborough Centre for doctoral research



Kdy se citime komfortné?

Met - metabolic rate

Popisuje energii generovanou uvnitr téla
metabolickou aktivitou

Je definovana jako 58.2 W/m2, coz je energie
produkovana na jednotku plochy prumérné osoby
sedici v klidu

Lezici v klidu cca 0,8 Met
B¢h — cca 8 Met
Sport, tenis, atd. — cca 4 Met

London Loughborough Centre for doctoral research



Metabolic Rates for Typical Tasks

. Metabolic rate
Activity (Met)

Reclining 0.8
Seated, quietly 1.0
Sedentary activity (office, dwelling, lab, school) 1.2
Standing, relaxed 1.2
Light activity, standing (shopping, lab, light industry) 1.6
Medum actwvity, standing (shop assistant, domestic work, 50
machine work) '

High activity (heavy machine work, garage work) 3.0

© ASHRAE

VI IMIVIT VUYMWV VUMYl VIV IV MU VLU W VY v



Operative Temperature (tc)

Effect of Activity Level

¥ C
85 30
V<0.15 nl/s (30 fpm)
H*K
\ 0.1 clo
-25

'm-_\\ 0.5 o
\ +-20
65 \
0.9 ¢lo \E
60~ Minimum temperature limit )
—— p—— - S— - —r mm -15
LLE
S50 r 10
1.0 1.5 20 a5 3.0

Activity Level, met

London Loughborough Centre for doctoral research



Kdy se citime komfortné?

Physiological Conditions for Thermal Comfort

Sweat rate

wWim?
S 100
S s
Eoo
40
|
0 4 - - -
0 1 2 3 4 met
Matabolic Rate

Esk = 0.00305 [5733-6.99(M-W)-Pa] + 0.42 [(M-W) - 58.2]

London Loughborough Centre for doctoral research



Kdy se citime komfortné?

Predicted Mean Vote

The mean vote of a group of individuals can
be predicted.

The Fanger model of human thermal comfort
enables this.

The model is really only applicable for a body
In thermal equilibrium with it's surroundings.

PMV is calculated on a 7-point scale from -3
to +3 — so it is directly comparable with TS.

London Loughborough Centre for doctoral research



Comfort Equation (Fanger)

Metabolic heat generation  [WW/m?] Skin svaporation [W/m?2):
- Moisture diffusion

External work [W/m2] - Evaporation of sweating

| |
M-W 8 (C+R)TELH TRy

- |

Dry heat losses [W/m?]: Respiration [W/m?]:
- Convection: @ = he (Ts-Ta) - Latent heat loss: Lr
- Radiation: R = hr(Ts-Tr) - Convective heat loss:Cr

Is =Body’s mean surface temperature | ry.cr=1.72 10-SM(5876-Pa) + 0.0014M(34-Ta)
Tr = Mean (radiant) temperature of

surrounding surfaces

London Loughborough Centre for doctoral research



Resultant Temperature - T

Dryheatloss = Surface convection + Thermal radiation

(C+R) = he(Ts-Ta) + hr(Ts-Th

=0 (1S Tres h=hc+hr

T hc Ta+ hrTr
L he + hr

In indoor spaces: hc ~ hr: Tl'es = Ta/Z $ TI'IZ

London Loughborough Centre for doctoral research




Kdy se citime komfortng?

Calculating PMV

* When a body is out of equilibrium then thermal strain is
experienced, as measured by [L:

L2 N - (C+R)+Esk+Rsp

* The value of [, can be used to calculate PMV as follows:
- {:. 0|0'218] }x&

London Loughborough Centre for doctoral research




The complete equation set

- Calcutate the PMVY using Equations (1) 1o (4)
PAY = [ 0,303 oxp(-0.030 - Ar) + 0,028 |-

(M-w)-305 0% [s733. 600 (M- W) p,] 0e2[(ar w). sa1s]
(AT 10™% M (5007 - p, ) -0.0014- M (M=1,) . (1)

396 10°° /oy 11 +279)" (4 +279)* |« S Mg Ltg =14)

4

ty =357 - 0028 (M -W)-Iq :196 1070 Jy | l1g +279)" <[4 +279)" |+ 744, (e ~ 1), @
R "“\c\ _‘.'0.25 ke 230 Ild-l‘ 0 12.1 ‘I'~.
e " ()]
& \‘r': for 238 \a 'afo‘:‘ < v’:
100+12001,  forigs 0.078m? KW -
" 105+00451,  for ity > 0078 m? KW
where

W s the metabolic rate, in walls per square metos (Wind)

WIS the effective mechanical powsr, In walls per square matre (Wime)

s 15 0 ClOthing INSUIGNON, IN SQUED MOrSs Kovin por wolt (m® - IYW)

fa & he cloling surface oree foctor:

s the air lempersiure, in degress Celsius (°C)

4 i the meen radiant lemperstare, in degrees Celsins ("C),

v % he relalive o velocily, In metret por second (mvs)

Pa 15 1O Walor VapOour parsal prosourc, N pascols (o),

A, ia the convective heot ransior cooflicient, in wotts per square mere kelvin (Wim?  K)L

7. = the cddotihg sunfares ternrsrnhae Iy ddesnreess Cadsh es Y



Kdy se citime komfortng?

Comfort Zone / Envelope

Thermal Sensation Percentage of Dissatisfied
3 hot
=1 0 -
§. 10
2 warm o
= 80 -
1 slightly warm 2
o
0 neutral o 60
(comfortable) 3
D 40 -
-1 slightly cool -E
m £ 1
-2 cool % 20 S:J Eﬁbﬁqe
o ‘9‘ ---------- L
-3 cold 0 PN R S S SR S N S M NS
-3 -2 -1 0 1 2 3

Thermal Sensation
(7-Point ASHRAE Scale)

London Loughborough Centre for doctoral research



Kdy se citime komfortng?

Comfort Envelope (ASHRAE Std 55R)

[ 7 M 2 p
Databased ¢n 1SO 730 74 P
and|ASHRAF 55-19%3R / // A / // A
Uppe %/eréd it it, UIM\urLMo
> a Vs
'/ \\ / //
//@C ] 10 ./5;210/
99/ P o r L /
o e Py /
e SO IR W |\ N 25 7 7 N
No Recogmended Lower Humidity) Limit PMY Limits
13 16 18 21 24 27 29 32 35 38

Dperative Temp, DegC

London Loughborough Centre for doctoral research



Kdy se citime komfortné?

 Thermal comfort is important for well-being
and productivity

« Comfort depends on environmental factors
(Ta, Tr, Va, Rh)

« Comfort depends on personal factors (Met,
Clo)

« Guidelines for indoor comfort are now based
on T,, (which replaces T ) or comfort
envelopes

London Loughborough Centre for doctoral research



What Are CLO Values?

CLO is a value that describes the degree of insulation provided by an article of
clothing.1

A CLO value of 1 is equal to the amount of clothing required by a resting
human to maintain thermal comfort at a room temperature of 21 degrees
Celsius, or 71 degrees Fahrenheit.2 Average indoor air temperatures in the US
range from 68.5 to 75 degrees Fahrenheit in the winter, and 75 to 80.5
degrees Fahrenheit in the summer.3

A value of 1 CLO is based on a typical business suit, which includes a shirt,
undershirt, trousers, and suit jacket.
Traditional business suits are less commonly worn compared to when CLO
values were created, but we can still use CLO values as a guide to what makes
a thermally sufficient outfit, given a local temperature.
The higher the CLO value, the more insulating value is provided by the
clothing in question.

is an excellent resource for further exploring the
relationships between CLO values, temperature, and human comfort.

London Loughborough Centre for doctoral research


https://comfort.cbe.berkeley.edu/

Clothing Clo Value
None 0
Briefs .04
Pants With Long Legs A
Sleeveless shirt .06
T-shirt .08
Long-sleeved blouse A5
Short-sleeved shirt .09
Flannel shirt .30
Shorts .06
Trousers (Thin Fabric) 15
Trousers (Thick Fabric) .24
Work coveralls .50
Thin sweater .20
Thick sweater .35
Down jacket .55
Parka .70
Socks .02
Boots .05
Light skirt 15 cm above the knee .01
Heavy knee-length skirt .25

London Loughborough Centre for doctoral research



Zkratky

ASHRAE - American Society of Heating, Refrigerating and Air-
Conditioning Engineers

London Loughborough Centre for doctoral research



Kdy se citime komfortné?

London Loughborough Centre for doctoral research



Kdy se citime komfortné?

London Loughborough Centre for doctoral research



Konec



