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Komfort - teplo



horka sucha oblast

dychani

mikroklima

tepelny odpor textilnich vrstev

vrstveni textilnich vrstev

konvekce

e studena oblast
salani

stfedni oblast



Z.akony zachovani

Lavoisier (1743-1794)

M.V.Lomonosov (1711-17665) — tepelné jevy jsou projevem
pohybu castic

Hmotnosti

Energie



Lidské télo — povrch ?

’ Average Body Surface Area

114 m2
1.07 m2 [

_Children Children

. Adult Men = Adult Women (9 years) (10 years)

Children
(12-13 years)




Lidské télo — povrch ?
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Lidské télo — povrch ?

Respiration

radiation (convection+evaporation)

(short-wave)

buiyjopo

radiation
(long-wave

convection 3

contact "

(conduction)

Q.
evaporation
(sweating)



https://www.theseus-fe.com/application-areas/automotive/passenger-comfort

O not assigned

Bl cold (uncomf.) € (sun

2 |cool (comf.)

[8]neutral (comf.) Ventilation

4 lwarm (comf.)

BBl hot (uncomf.)

uncomfortable
regions result from



https://www.theseus-fe.com/application-areas/automotive/passenger-comfort

Boundary conditions T, T V.. humidity metabolism

air wall air
ofunclothed manikin - 359°c  300°c  0.05mis 40 % ~87 W

Simulated skin
temperatures T, :
[°C]

In the quasi-stationary state of neutrality
the inner heat production is equal to
the outer heat loss from

» convection

* respiration
« evaporation

« radiation
cardiac skin blood mass
output flow loss

49 ltr/min . 243 W/K  0.73 g/min

Global temperatures:
T T Thvpothalamus T
34.40 °C 36.20 °C 37.00 °C 36.88 °C

34..35 °C

skin,m muscle,m rectal

32..34 °C


https://www.theseus-fe.com/application-areas/automotive/passenger-comfort

Kalorimetr




Kalorimetr

Cilem je definované provadét vymenu tepla mezi télesy
M¢iit teploty, pocCatecni a koncovou
Proces musi probihat izolované od okoli

V nejjednodussim ptipad€ dve nadoby vsunuté do sebe,
vzajemne¢ 1zolované (podobné jako ,,termoska*)

Nutné dokonalé promiseni kapalin - michacCka



Kalorimetricka rovnice

Tepelna vymeéna v 1zolovane soustave

Vesker¢ teplo, ktere jedno téleso odevzda, jine téleso
piljme

m ... hmotnosti téles
c ... mérné tepelné kapacit
t ... teploty téles, teplota vysledna



Priklad

Do 1 kg vody o teploté 20 °C vlozime 100g olovény valecek o
teploté 200 °C.

Vypocitejte teplotu vody s valeCkem pote, co se teploty vyrovnaji

M¢érna tepelna kapacita pro vodu je 4181 J/kgK
M¢rna tepelna kapacita pro ocel je 129 J/kgK



M¢éfeni teploty

MERACT KAMNAL

[E RN shirmad Uprava

. T » indikator
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1. Prenos tepla v soustave — organismus — odev

— prostredi

- kondukci (vedenim)

- konvenci (proudénim)

- radiaci (zarenim)

- evaporaci (odparovanim potu)

- respiraci (dychanim)



Prenos tepla

« Stacionarni (ustaleny) — teplotni rozdil je staly, v Case se
nemeni

* Nestacionarni (neustaleny) — dochazi k vyrovnavani
teplotnich rozdilu v prubéhu Casu



1. Prenos tepla kondukci (vedenim)

Castice latky s vy3si teplotou pfedavaji ¢ast své stfedni energie pfi srazkach

(4 v v s

Céstice kmitaji kolem svych rovnovaznych poloh

Nastava obvykle na styku dvou téles z pevnych latek pfi jejich kontaktu
Prenos tepla ve sméru klesajici teploty ( u plynu a kapalin se kromé toho
uplatiuje také prenos tepla proudénim) nebo muze byt doplnéno pfenosem

radiaci (salanim)

Plati zakon zachovani energie
Plati zakony vedeni tepla



Prenos tepla vedenim

« Jean-Babtiste Joseph Fourier
« (1768-1830)

» Zjistil, Ze teplo prosié télesem je pFimo
uméeérné teplotnim spadu, ¢asu a plose

» Tok tepla mezi dvema blizkymi misty v
telese je umerny rozdilu jejich teplot



Prenos tepla kondukci (vedenim) pro

textilni vrstvu

Mérny tepelny tok q [w/m?]
FOURIERUV ZAKON

q=-A(T,-T,)

A — soucinitel tepelné vodivosti [W/mK]

Tepelny odpor R [m?.K/W]
R=h/A

h - tloustka
Provicevrstevy R=R1+R2+R3 + ...

azmy yoiaod

T1

BAJSJA U|l}XB)

T2



Prenos tepla kondukci — vedenim - pro textilni vrstvu

Tepelna vodivost - priklady

vzduch v klidu, 20°C - 0,026 W/m*K
voda 0,6 W/m*K

Proto tedy napriklad vinky odev lepe vede teplo, je nam v
ném pocitoveé ,chladnegji”



Prenos tepla kondukci — vedenim

- pro textilni vrstvu

Totéz s gradientem

g = —2 dT/dx

q=—Agrad T

dT/dx, grad T - jak rychle roste teplota ve sméru Sifeni

azmy younod

T1
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Prenos tepla kondukci — vedenim

e Pro vice vrstev — soucinitel prostupu tepla

k_

1

- d;,d, d3




Prenos tepla kondukci - vedenim

- v tfirozmérném télese v Case T popisuje rovnice:
St (5215 5%t 5%t
a .

= qa V2
5x2  5y2 522> a vt

E =
- kde t [s] je teplotni pole a a [m:/s] teplotni vodivost
A
a=——
p-c
potom
6t . 5%t N 5%t N 5%t
PrCst ™ 5x?  8y?  §z?
a pro 1D
5t - 8%t

’O.CSTz Sx?



Prenos tepla konvekci - proudénim

- pro textilni vrstvu a mezeru

Mérny tepelny tok q [w/m?]
NEWTONUV ZAKON
g=oa.(T1-T2)

o je soucinitel prestupu tepla

1

advekce — prenos tepla zpt‘.’xsobe,;;'/ kolektivnim pohybem molekul
<

7]

- N

v

azny yoiaod

/\ difuze — pfenos tepla srazkami molekul v tekuting
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Prenos tepla konvekci — proudénim

Proudéni

Laminarni

Turbulentni [ aminarni Turbulentni




Prenos tepla konvekci — proudéenim

Proudéni
-  Laminarni

Turbulentni

laminarni turbulentni




Prenos tepla konvekci — proudénim

Proudéni

- Laminarni

- Turbulentni

Lze charakterizovat pomoci Reynoldsova cisla - bezrozmeérna
veli¢ina, ktera dava do souvislosti setrvacné

sily a viskozitu (tedy odpor prostredi v dusledku vnitiniho treni).

Je pomoci néj mozné urcit, zda je proudéni tekutiny laminarni,

nebo turbulentni.

BNV W ¥ n

¢astic tekutiny na celkovy odpor. (turbulentni >2300)



Prenos tepla konvekci — proudéenim

- o je soucCinitel prestupu tepla

- zahrnuje vSechny parametry, které ovliviiuji konvekci

o = f( rychlost
charakteristicky rozmér
hustota

viskozita

mérna tepelna kapacita
A) mérna tepelna vodivost

O < T QO cC

- Vztah mez1 témito parametry vyjadiuji tzv. bezrozmérna kritéria



Komplexni odvod tepla odéevem od pokozky do
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Prenos tepla

ty- ty = Qt/ (0y S)

Teploty pred a za sténou jsou konstantni | o .:12| ::?
Sdileni proudénim — vedenim — proudénim ~ ¢; | — k 17
—K N
Zikon zachovani energie: @ : ——:l- =
Qt, = Qt, =Qt; = Qt ts1 | \ | i
Qt; = 0y S (ty-ty) i |t E
Qt=Md S (t,; - L) | | 2 3
Qt; = 0, S (t;, — 1)
| | 1o
|
|

t,—t,=Qtd/AS

t,—L,=QU/S (L a, +1/A+1/a,)
k=1/(1/a, +1/X+1/a,) ....Celkova tepelna vodivost stény




Prenos tepla - proudéni




Elektromagnetické zareni

WICROWAVE

ENERGY __ 0.0000002& 0124 248 k3 2] 2D 00 vt >
Tem 1 A0 NN aameetare
—



Prenos tepla radiaci -
zakony

Kirchhoffuv zakon
C/IA=C,/A; =C,

Pomér salavosti a pohltivosti tepelného
zareni je pro vSechna télesa pfi téze
teploté stejné a rovna se salavosti
cerncho télesa

1 =alfa+ro+tau
l=atp+r
Absorpce, reflexe, transmise

Obr. 2-1: Energefick




Prenos tepla radiaci -
zakony

* Planckuv zakon
* Molekuly nevyzaruji energii spojité ale po
davkach, kvantech

E=h.f =h.c/A



Prenos tepla radiaci — salanim - pro textilni
vrstvu

Mérny tepelny tok q [w/m?]
STEPHAN - BOLTZMANNUV ZAKON

q=06 . (T4 T4 /[(1/€) +(1/&;) - 1]
- pro vrstvy obleceni
q=6.&(T*-Ty)

- pro objekt a vzdalen¢ okoli

- o - Stephan-Boltzmannova konstanta 5,57.10-8 W/m2K4
- ¢- emisivita (0 az 1 ( Cerné téleso))



Surface 2

1 1n
PPy E,

ayp,E, 4 +p|p:n B Surface |

Figure 19.5: Path of a photon between two gray surfaces

onsider the two infinite gray surfaces shown in Figure 19.5. We suppose that the surfaces are thick encugh so that a + p = 1 (ho radiation transmitted

ransmittance = 0, Consider a photon emitted from Surface 1 (remembering that the reflectance p =1 —a ).
Surface 1 emits Ey
Surface 2 absorbs Eraz
Surface 2 reflects Ei(l —a2)
Ei(l —az)o

Surface 1 absorbs

Surface 1 reflects Ei(l —a2)(l —a)

Surface 2 absorbs Ei(1=a2)(l = a)az
Surface 2 reflects Ei(1 —az)(l —a1)(1 —a2)
Surface 1 absorbs Ei(1 —az)(l —o)(l —az)a

“he same can be said for a photon emitted from Surface 2:

Surface 2 emits Es

Surface 1 absorbs Eray

Surface 1 reflects E> (1 — )
Surface 2 absorbs E>(1 —a1)oa

Surface 2 reflects Fa(1 —a1)(1 — ag)



We can add up all the energy E absorbed in 1 and all the energy E» absorbed in 2. In doing the bookkeeping, it is helpful to define 3

FE, absorbed in 1is

Ei(1 —as)ay + Ei(1 —a2)ar(l —az)(l —ay) + ...

This is equal to
Fy(1 —as)o (1 + 3+ 32 o).

However

1 .
— =(1=-8"t=145+52+...
1T—3 ( )

We thus observe that the radiation absorbed by surface 1 can be written as

Ei(l —az)a
1-43 ’

Likewise

E>(l —aq)as
1—-3

is the radiation generated at 2 and absorbed there as well. Putting this all together we find that

F_}(] — oy F-_gﬂl
r'j_( 18 ) -3

is absorbed by 1. The net heat flux from 1to 2 is

_Eil —az)ay Eaay

Gnet 1 to 2

Ey

1-5 1-43
B E1—E(1 —a) —az +ayaz) — Fiay) + Eyoyos — Fao
h 1 —=(1 —a; —az+ajag)
or
. Eias — Fs
Gnet 1 to 2 = L 20

ay + ag —ajag’

(I —ay)(1 —a2) . The energy

(19..2)



If 77 = T> , we would have ¢ = 0 | so from Equation 19.2,

= =2 (7).
) Qo
If body 2 is black, ay = 1 ,and Ey = oT*
& oT?,
)
g,0T
L = oT".
(23]
Therefore, again, £, — a for any gray surface (Kirchhoff's Law).
Using Kirchhoff's Law we find,
. 10T ey — 90T
Onet 1 to 2 — _ -
£1 + &2 — 8182
or, as the final expression for heat transfer between gray, planar, surfaces,
_ o(T} — T3)
Onet 1 to 2 1


http://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node136.html

19.3.1 Example 1: Use of a thermos bottle to reduce heat transfer
Silvered Walls

Inside of thermos Outside of thermos
(hot fluid) (Cold)

1 2

Figure 19.6: Schematic of a thermos wall

g1 = 5 — 0.02 for silvered walls. 77 = 100°C =373 K ; T, = 20°C =203 K |

o(Ty —Ty)

Onet Lto2 = = Qnet 1 to 2

(5.67 x 1075 W/m?K*)((373 K)* — (293 K)?) .
— = 6.9 W/m".
1 1 | '
0.02 ' 0.02

For the same AT | if we had cork insulation with & = 0.04 W /m-K | what thickness would be needed?

EAT

; ; kAT (0.04 W/m-K)(80 K)
G = == so a thickness L . o

q 6.9 W/m*

0.47 m would be needed! The thermos is indeed a good insulator.



19.4 Radiation Heat Transfer Between Black Surfaces of Arbitrary Geometry

In general, for any two objects in space, a given object 1 radiates to object 2, and to other places as well, as shown in Figure 19.10.

elsewhere

Cret

Figure 19.10: Radiation
between two bodies

A, T;

- Body 2
radiation

Body 1

Figure 19.11: Radiation between two
arbitrary surfaces

We want a general expression for energy interchange between two surfaces at different temperatures. This is given by the radiation shape factor or view factor, F;—; . For

the situation in Figure 19.11,

Fip= fraction of energy leaving 1 which reaches 2
Fry = fraction of energy leaving 2 which reaches 1
Fi2, Fa-1 are functions of geometry only

For body 1, we know that [, is the emissive power of a black body, so the energy leaving body 1is A1 . The energy leaving body 1 and arriving (and being absorbed) at

body 2 is E A1 F1—2 . The energy leaving body 2 and being absorbed at body 1 is Ey;A2F> 1 . The net energy interchange from body 1 to body 2 is

EpA1Fi-2 — EpAsFy ) = Quoa. (19..4)



Suppose both surfaces are at the same temperature so there is o net heat exchange. If so,

Ep A1Fy -2 — EypAzFa ) =0,
butalso £}, — Eip . Thus
--1|F1 2 ,-lgFg l-

Equation (19.4) is the shape factor reciprocity relation. The net heat exchange between the two surfaces is

Q1-2 = A1 Fi_2(Ey;, — Ey) lor  AxF> 1(Ey — Eiy)l.



Prenos tepla evaporaci — odparovanim
potu

textilie

azny yoinod

P

mikroklima

[ _4

prostiedi

paropropustnost
(odparovaci odpor)

r o [Pa.m2/W]

Zavisi na mérnem
vyparnem teple

a na

rozdilu parcialnich
tlakda vodni pary



Prenos tepla respiraci— dychanim

« Zpusoben rozdilem energie vdechnutych a vydechnutych vodnich par



Pienos a zpusob pi‘enosu tepla ovliviiuje: Odvod a zpiisob odvodu vlhkosti ovliviiuje:

chemicka podstata vlakna A\ vlakna (zafeni + vedeni) sorbce
+
+ kapilarita zavisla na smacivosti vlaken
tvar vlakna lesk/mat migrace
+
+ velikost kapilar a pora v textilii
A vzduchu v mezerach mezi vlakny tloustka textilie
vlastnosti textilie tloustka textilie hydrofilnost/hydrofobita
+ +
priléhavost/ptitomnost a velikost vzduchovych mezer priléhavost/ptitomnost a velikost vzduchovych mezer
+ proudéni), o + proudéni), a




Konec



