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Water vapor transport :

Thermal insulation properties of porous building materials
dramatically decrease because of water vapor
condensation.

Water vapor contained in air is transported from place
with higher partial pressure to place with lower partial
pressure up to their equalization.

J ==o.gradp

J — water vapour flux [kg m-1 s-1]
p — partial pressure of water vapour [Pa]
O — water vapour diffusion permeability [s]

grad p = (pl1 —p2)/d[Pa s-1]
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UNSATURATED x SATURATED WATER VAPOR

Saturated water vapor — maximum amount of water vapor that
presents in given air volume at a given temperature and
pressure. In the case of increasing amount of water vapor
occurs condensation process.

RH = 100% (= 1)

Unsaturated water vapor — air volume is not fully saturated by
water vapor at a given temperature and pressure.

RH < 100% (<1)

Partial pressure — pressure of particular gas component.

Ro,=latm Py =05atm Ry =3am B, =Fp + Ayt Ay =45 am
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Water vapor pressure in dependence on temperature

- Water vapor partial pressure of a given environment
increase from zero up to value characterizing partial
pressure of saturated water vapor.

- Partial pressure of water vapor is exponentially
depended on temperature (at higher temperatures a
given volume of air adopts a higher amount of water
vapor than in the case of lower temperatures).
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ABSOLUTE x RELATIVE HUMIDITY

Absolute humidity - = m[g.m‘?’]
V

water vapor mass [g] in 1m?3 of air.

Relative humidity — ¢ = q)i.lOO[%]

max
ratio of absolute air humidity and absolute air humidity fully
saturated by water vapor at the same temperature. Relative

air humidity indicates the extent of saturation of water
vapor.
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hmotnostni vihkost

SORPTION ISOTHERM

- Water vapor is in porous space of materials adsorb on pores
walls in one mono-layer, continuing in poly-layers and at last
there occurs capillary condensation.

- Sorption isotherm describes the bond ability of water vaper in
dependence on the relative humidity RH [%], partial pressure
of water vapor [Pa] respectively.
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SORPCNI IZOTERMA

Monomolekularni
adsorpce

Polymolekularni

adsordat

Monomolekulami ads ¢ nabizi moZnost stanovend fnitfniho povrchu porovitych téles,
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WET CUP

- Under sample in the cup is water (saturated water vapor),
above sample is defined environment of climatic chamber
— water vapor transport goes from the cup into
surrounding environment = measured decrease of mass

DRY CUP

- Under sample is silica gel (dry environment), above
sample is defined environment of climatic chamber —
water vapor transport goes from the surrounding
environment into the cup = measured increase of mass
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MEASUREMENT OF WATER VAPOR TRANSPORT

Determination of water vapor parameters with method
without temperature gradient — there is necessary to keep
constant temperature and relative humidity of environment
under and above the sample.

Measurement of water vapor flux through the sample by
knowing of partial pressures od water vapor under and
above tested sample.

for WET-CUP method: the sample is vapor proof insulated
Inside the cup partially filled by water.

Cup containing sample and water is periodically weighed.
Determined decreases of mass in dependence on time are
plotted into the chart.

After reaching of linear character of curve is measurement
IS considered complete and evaluated.
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WATER VAPOR DIFFUSION PERMEABILITY

5 - Am-d

_S-T-App H

Am — mass of water vapor diffused through sample during
time interval T [kq],

d — sample thickness [m]

S — sample area allowing water vapor transport [m?]

T — time period corresponding to the transport of water
vapor Am [s]

Ap, — difference between partial pressure of water vapor in
environment bellow and above sample [Pa]



DETERMINATION OF WATER VAPOR PARTIAL PRESSURE

Wet-cup experiment

Cup contains liquid water that evaporates.
RH = approx. 95%.

Outside cup — exterior environment e.g.
Climatic chamber.

RH = from measuring station

(during own measurement must be the partial
pressure of water vapor unchanged).

From the table is determined the partial pressure
of saturated water vapor for given temperature.

b 0
HG gm=3 1’?';,
10 9,40 1227
11 10,01 1312
12 10,66 1401
13 11,35 1497
14 | 12,06 1597
15 | 12,82 1 704
16 13,63 I BI7
17 14,48 1837
15 15,36 2 062
19 16,29 2 196
& 9,41 2 642 .
23 20,57 2 809
24 21,78 2 084
25 23,04 3 168
26 24 .37 3 361
27 25,76 3 565
28 27.23 3 780
29 28,75 4 005
30 30,35 4242 |

Because of measurement without temperature gradient:

- partial pressure of w.v. in cup (95% from saturated

value) and partial pressure of w.v. un surrounding environment (e.g.

40% from saturated value).
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WATER VAPOR DIFFUSION COEFFICIENT

D=6RT/M  [m?s]

O — water vapor diffusion permeability [s]
R — universal gas constant = 8,314 J mol-1K-!
T — thermodynamic temperature [K]

M — molar weight of water molecule = 0,018 kg mol+*

2H — 0,002 kg mol+*
O -0,016 kg mol*
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WATER VAPOR DIFFUSION FACTOR

u=D,/D -]
D — water vapor diffusion coefficient for chosen material

D,=2,3.10°>m? st water vapor diffusion coefficient in dry air

This equation describes the resistance that puts the

material during the transport of water vapor compared to
dry air.

Minimum value = 1 (air)

Building materials > 1 (those always achieve some
resistance, the higher resistance the less protective
material is for water vapor)
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Record and plotted curves for WET-cup method
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YOUR TASK

Determine parameters of water vapor transport for chosen
material with utilization of WET-cup method without
temperature gradient and calculate water vapor diffusion
permeability, water vapor diffusion coefficient and water vapor
diffusion factor for this material.




